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ABSTRACT

This study examines the variations in Soil Conditions
among different |and use types in the Kabomp basin, Katsina
St at e. Ei ght plots were selected, one was under natura
vegetation cover, three were under |egume grass, arableland
and rangeland respectively and the remaining four were
fallows ranging in age from 2 to 15 years. Systematic
sampling techni que was used to select soil sanples from each
pl ot at two standard depths: nanmely 0-15cm (topsoil) and 20-
30cm (subsoil). Soi | sanmpl es collected were analysed for
some key physical and chem cal properties: texture, bulk
density, moisture content, water stable aggregates greater
than 0.50 mm organic matter, t ot al nitrogen, available
phosphorous, exchangeable bases, cation exchange capacity,
P" and base saturation. Anal ysis of variance and t-test

were used to test for significant differences between and

amongst the various |and uses.

The results obtained vary considerably. In general
however, it was found that the nmean values of soi
properties are in nmost cases significantly higher over the

control than the three land use types, the only exceptions
being soil bulk density and sand fractions which in nost

cases are significantly higher over the various |and



uses. Simlarly, it was observed that nmost of the soil
properties were differently affected by the differences in
land wuse practices. The properties are also differently
affected by the differences in age of fallow It was
observed that there are general decreases in coarsening of
soi | texture and bulk density, and increases in organic
matter, nutrient elements, cation exchange capacity, base
saturation percentage, moi sture content and water stable
aggregates > 0.50 mmwith increase in the length of fallow
peri od. However, t hese changes were found to be |ess
significant over the 2 and 5 years old fallow than over the

10 and 15 years old fallows.

It was concluded that human interference with the
nat ur al vegetation cover and the establishment of the
various land use types in the study area have caused the
degradati on of soil properties, with the arable plot being
the nopst degraded. On the other hand, the establishment of
the fallow systemin the area has produced sonme favourable
changes in soil condition, though the changes were found to
be nore effective under the old fallow ages (10and 15 years
ol d). Some suggestions were offered towards tackling the
probl em of soil degradation, inmproving the efficiency of the
fallows and ensuring the sustainability of agriculture in

t he area.
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CHAPTER;BﬁE
INTRODUCTION
1.0 Dackground

S0il results from biochemical weathering of rock
minerals. It is a product of the interactions between the
lithosphere and biosphere. It is an.autonamous natural body
of loose unconsolidated materigls that occupy the upper
portion of the lithosphere. It is a dynamic naturai éntity
that interacts with the other spheres on the earth and

' shares characteristics of all of them. BSoil behaves like a
| livin; body with self—regulﬁting. abilities t.o suppl}
" nutrients, buffer acid and base ;eactions, destroy and
adsorb pathogens, detoxify and--attenuaté xénobiotic and
inorganic compounds and also has a capacity for self_
regtoration through the process of soil formation (Lal et
al., 1989). .
‘

Scil degradation takes place.when its self regulating
ability is upseh._ It involves an unfaVOurabie élferation in
one or all of a scil's physical, chemical and biological
properties and processes leading to loss of gustainable use.
Processes th#t may iead. to:'soil :dégfadation include
accelerated erosion, increasing Wetpesg and poor drainage,

laterilisation, salinisation, nutrient imbalance, decline in



.é -
organic matler level and reducﬁion.iﬁ.activity and diversity
of soil fauna and [lora. B8oil degradalion is caused by both
human and natural factors. 5ﬁt ewmphasis h#s alﬁays been
plaqed on human factors. = Figure l.l gives a simplified
' aécount of the actions and interactions resulting into soil
degradation.

In Nigeria, while natural facto;g can Jlead tq so0il
dégradation. human activities act as the majbr.éat;lfst of
soil degpadation. This is because many of these activities
(e.g grazing, wood cutting, agriculture) have deprived the
scils of vegetative cover and have exposed them fo ﬁﬁe high
erosive power of rainfall and wind. The extension of

. S B
agricultural activities into the erstwhile climatically
marginul areas has had tremendous negalive effects on the
~guality of soils, particularly in the semi-arid areas of the
country. Many areas of the no?thernmpafg of Nigerié are nbw
.under the Lhreat of severe land dggradatiop as a result of
unchecked human activities; This célls for a need to
monitor the extent of soil degradation and in particular the
effectiveness of fallowing in 1Mproving the soil
productivity. To do this, one needs to understand the
variouslchanges that do take place in the soil system under

different land wuse types. This forms the focus of the

present study.
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1.1 Sﬁatement of Research Problem

'f. Soil fertility ip the northern part of Nigéria has been
mgintained for a loﬁg Lime by the use of organic or farmyard
manure and fallowing of different lengths. Under the impact
of rapidly growing population and expansion of market,
hoﬁéveé, the sysfem of fallowing is coming under increased
strain. In recent years, most soils have had to be under
continuous cultivation whiié“ férm ﬁaéﬁineriéé, fertilisers,
pesticides and herbicides are belng freely used, resulting
in the expansion of agriculture even into the very marginal
areas. The coﬁsequences of these ne@ practices on soil
productivity have not been adequately studied and their

_ e

performance in conserving soil relative to the traditional
| method of fallowing is lLittle known, esPecially in the semi-
arid areas. One way (o examine this is £o compare soil
characteristics under fallo#s and those under different land
use types. This constitutes the problem of interest.

1.2 Ohjectivés of the Study

The objective of the study 1is to examine changes in

soil physical and chemical propéfties brought about byl
Idifferént land utilisation and management practices in the
Kabomo Rivep basin of KaLsing State (Fig 1.2). The specific

aobjectives are:
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6
1) to compare soil properties under rangeland, arableland
and legume grass with one another and each with the
soil properties under a long standidng fallow
vegetation which was chosen Lo serve as the control.
ii) Lo compare soil properties of four plots under varying
lengths of fallow with one another and each with those
under the control.
Based on tLhese objectives, two main hypotheses are
formulated: -
a) changes in soil physical and chemical properties differ
gsignificantly between land use types in the study area.
b) changes in soil physical and chemical properties differ
significantly between fallow plots of different ages in
the study area.
1.3 Justification of the Study
Knowledge about changes in soil properties under
specific land use types 1is important in land planning and
management. . Such knowledge 1s useful for the assessment of
the extent to which a specific land use is Jeopardising the
agricultural productivity of a soil or otherwise. Unlike in
many parts of Nigeria, the extent of information about
changes in the soil properties under different land uses in

the semi-arid areas of the country is very limited. Yet,



this region constitutes the most fragile ecosystem for

agriculture, The need Lo study changes in so0il properties

under' different land uses cannot therefore be ovér
emphagised,
.The information obtained from tbis study would,

undoubtedly, be of some value Lo Lhe management of the soils
in the whole ecological zone that the .area of study
représehts.
| l.4 Organigation of Lhe Thesis

This thesis is orghnised into seven Chapters. Chapter
One inlLroduces the study and presents the.statement of
regearch problem, objectives and justification of the study
and also the review of relevant litéfature. In Chapter Two,
the physical environment of the study area is discussed with
particuiar emphasis oh the geoiogic, climatic, geomorphic,
edaphic, vegelational and land use characteristics of the
study area. In Chapter Three, the methods used in the
collectionﬁ and analysis of the s0il samples and the
atatistical teghniques employed in data analysis are
discussed, Chapt;r.Foﬁr anﬂ Five. contain the presentation
and discussion ol the results obtained for the land uses and
fallow plots respectively and in Chaptér Six, the results

obtained are discussed extensively while in Chapter Seven
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thé major findings of thg study and the conclusions that
have.justifiaﬁly beén drawn from:the findings of. the siudy
are presented. Recommendations that could be offered
towards tackling the problem of soil degradation in the area
are also presented in tLhe Chapter. |
1.5 [Literalure Review
1.5.1 Land Useé and Soil Degradation.

Land use is the use or combination of uses to which a
piece of land is put. 1. may be +temporary or permanent. A
number of studies have .described land uses ﬁs béing the
primary causes of soil degradation (Jones and Wi;d! 1875,
Greeniaﬁd,.1986; Lal eé.al 1939;.Hoitiﬁ§re,. 1989;.Mulongoy
eb.al .1993). Several works have been carried out on the
- effects of different land uses on soil conditions. The ones
that will be discussed inciude the effects of continuous
cultivation, vegetation‘clegrance.and grg;ing.
1.5;.1.1 Continuous Cultivation |

Continuous cultivation often involves three major
practices in Lhe arca which could lead to soil degradation,
these are Lillage, bush burning, and H;rvééting;

1.5,1.1.1 Tillage

Land is tilled to provide good sced bed, easy

penetration of crops’ roots and improved aeration and

A
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water - nutrient conduct into the soil. A number of
studies in.Nigeria.hﬁvé hbwever pointed out £h;t continuous
mechanised tillage practices may have some undesirable
effects on s0il conditions (see Sam, 1987 and Ohiri, 1988
for instance). Such studies have shown that lands that are
mechanically tilled, using heavy machines, tLend to be more
compﬁcted, contain less.faunai popuiﬁtioﬂland are generally
less stable and fertile than those that are tilled with
hoes, The former lands were also found toe be more acidic
antl sandy than the latter. Similar observations have been .
made in oLher countries (Balesdent et al 1990, Carter,
.1991). Thus,.a ﬁﬁmber of aﬁﬁhbritiés héve..sﬁggested the
adoption of Zero, alternative or Iﬁinimum tillage systems.
Alternatively, Carter (1991) has suggested that direct
drilliﬁg of crop'residue'int; the soil can coﬁpensate for
the luses.of good soll Qonditions that may be occasioned by

.tillage cperations.

1.5.1.1.2 Bush Burning

Fire 1is one of thc most powerful tools in the hands of
a Nigerian formér; Jones and Wild (18975) haﬁe recognised
two spheres of fire use, namely hush fires and c¢rop residue
- bﬁrning. Buéh fires may be sfarﬁéd. ﬁo stiﬁuléte érowth of

fresh grazing grasses and herbs or to fiush out game for
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hunters or they may be started accidentally. Because of
:-their uncéntrolled progreés and | the indisc;iminate
destruction that they cause to Nigerian environment, tLhey
have been the subjecl of much controversy, legislation and
.scientific sbudy. Some researchers have frequently blamed
firgs for deteriorating lfertility of some soils because thpy
encourage the rchoval of floral and'faﬁnal.componénis of the
environment which play some ;mpqrtant roles ip soi% nutrient
cycling and also because fires accelerate séii.eroéion {see
Hopkins, 14965; Ayuba, 1994}, BSome olhers however argue that
fires .ensure quick return  of some nutrient elemenis,
..espeéiallﬁ bésés to thé soil (Viné; .1963} Atoiagbe, 1990),
In a number of West African countrieéfoutside Nigeria, cases
have been reported where so0il fertility decliﬁe was noticed
‘due to bush fires (see Jones and Wild, 1975) and outside
West African sub-yegion, gimilar cases have been reported
I(Brogkinéton, 1961; Araki, 1993). |
L.5,1.1.3 Crop growing and harvesting

A npumber of studies in Nigeria. have éhown that
cantinuous cropping causes decline in soil fertility because
gome imporlanl nutrienl eiements are exported oul, of a soil
in grains and.dropé resi&ues at har§e5t.;whieh is especially

80 because mosl arable cropg have high nutrient
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immobilisation (Adepetu et.al, 1979; Ubafemi, 1991; Mulongoy
et.al; 1993). The &écline.hOWEQer appear to be well marked
where fertiliser is used 1in s0il [fertility maintenance
({Aina, 1979). 0On the other hand, Lhe decline was found to
be less ﬁ;fked and often .negligible where manure instead of
fertiliser 18 used or where crop residue is retained on the
soil. as mﬁlch or where cropﬁing is carried out.in ;lleys
with leguminous species {Opara-Nadi, 19883; Owgiye, 1993).
1.5.1.2 Vegetalion Clearance/Wood Cutting o

vegetation is Lhe fundamental component of nutrient
cycling that keeps the cycle .functional. Obviously,
therefore; its rémoval wiii disﬁoft‘éﬁéh sé cycle and can
lead into soil degradation. Vegetati;n removal has been
observed to have caused a decline in soil organic matter,
Inutrients ;nd CEC levels by'Jbétweeﬁ Io-26% after about 7
years (Cunningham, 1963);. In anothep study, Lal (1986) has
observed that forest clearance in south western ﬁigeria has -
exposed the so0il to direct impact. of rainfall which erodes a
substaniial parl of the productive upper soil layer.-and this
hua. resulﬁed in some serious .écological congsequences

including the exlinction of certain plant Lypes, accelerated

i v .

growth of weeds and decline in soil fertility level.

However, where the residue is returned to the soil atter the
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vggetaLion has been cleared or pruned, céses Ihave been
reperted where positive changes in soi1l nutrignt and CEC
levels have occurred (Lal and Cummings, 19%9;.I6hatolu and
~ Agboola, 1993). Similar evidences are available in several
’othér countries (Seuberf el al 1993; Van Holm, 1993).
1.5.1.3 Rangeland |

Grazing by livestock removes vegetation cover aqq thus
may lead to soil degradation; In Nigeria in.particular,
animals are forced Lo cabt every available scarp of arable
vegelation tﬁey find which tﬁey graze rubthlegssly and
destructively. One major consequence of this. pfactice is
reduction in Lhe capacity of vegeyﬁtion to recycle_putrients
and gradually therefore soil fertiliﬁj is depieiéﬁ; Obafemi
(1991) in Zaria area of Nigerig has observed that soils
under rangelands have higher le;eié of sands and bulk
densilLy but lower levels of gilt, éiay, moisture water
.stable agéregates, organic matter and nitrogen than either
of the sovil under forestry or ﬁﬁéufai végetation. This
clearly shnwslthat some negative changes in soil conditions
occur where land is subjected Lo grazing. In some other
- countries, similar observations have been made (sée Goiéman

et al 1959; Paul and Beauchamp, 1989).
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1.5,2 Fallowing and Soil Regeneration

Evidences in the literature indicate that for quite a
long period of time, shifting cultivation or bush fallowing
is an important way Lo restore soil fertility in Nigeria
(Nye and Greenland, 1960; Greenland, 1975; Ayinde-Tukur,
1990). This praclLice, which has been described as being one
of the mosl efficient ways of soil fertility maintenance,
involves tLthe cultivation of a land for about three to four
yvears and ils subsequenl abandonment so that it lies wunder
fallow for a number of years. The length of fallow period
varies wilh farmer’s choice or the availability of an
alternative land. During fallow, some important changes to
restore fertiliLy tLake place and a number of researches
have been carried out on this in Nigeria (Jou and Lal, 1977;
Areola, 1979; Aweto and Areola, 1979; Aweto, 1981; Areola et
al 1982; Ayinde - Tukur, 1990; Mulongoy et al 1993).

Jou and Lal (1977) have carried out an experiment to
examine changes in so1l properties resulting from the
establ ishmenl of three fallows namely Pigeon Pea, Leucena
and guinea grass planted fallows, and bush regrowth in
Ibadan area of Nigeria. AflLer three years, i1t was observed
that although these are some differences among the plots,
all of them show some significant changes in organic Carbon,

Nitrogen, CEC and base elementLs.
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In anoiher rela@ed study, Argolg (1979) has carried out

a comparative.anaiysis of sﬁils undér Savanna fallows of
different ages (5,10,15,25 and 30 years) and observed a
- general decrease in bulk density, fine sand and coarse sand

: vdlhes bul some increases in éilt, élay; tctal.Phﬁséhorous,
” _Potasaium, Calcium,_ CEC, Organiq. matter, Hoisture_ and PpH
..witﬁ increﬁsé in the length of fallow .period. These

findings were again confirmed in ancther study by Aweto and

. Areola {1979) in another area in South Western Nigeria.

In. Zaria .urea af Nigeria's Northern .Gﬁinea Savdhna
ecological Zone, Ayinde-Tukur (1990) .has carried out an
assessmenﬁ af s0il regeneration. rége uﬁder fallow and
observed Lhat the increases in mean values of nutrient
elements, moisture 1level, silt and <¢lay fractions with
iﬁcreaée .in ﬁhe length of falldw pééiod were more
progressive afiler Lhe Hth year of fallow period so much
..that by ihc ch fallow year, about 95% equilibrium in the
buildups ol Lhe so0i1l properties were attained. Several
other studies in Nigeria have made similar observations
{Areola et al 1982; Jaiyeoba, 1989; Kang, 1993; Mulongoy et
al 1993}, Similar results are available for many West
.Afriéan Countries .aﬁd also some éountries cutside West
African Sub-region (Bartholiomew el al 1953; Morel and

Quantin, 1964; Bebwa and Lejoly, 1993).
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1.5.3 Concluding Remark

It follows from Lhe review of literature above that
land uses are perhaps the most important causes of soil
degradation and tLhat flallowing is one of tLhe most important
ways of restoring the fertility of a soil. In marginal
areas such as Lhe semi-arid region of Nigeria where land is
subjected to a number of uses, the need to examine the
impacts ol land uses on soil degradalion and the role
fallowing can play in reversing such degradative trends need
not be emphasised.

In conclusion, it should be understood from this survey
of the literature LhalL few works have been carried out in
the semi-arid region of Nigeria on tLhe subject matter
despite Lhe [ragile nature of their ecosystems. It 1is thus
obvious that more work is necessary towards the
understanding of land use-soil relationships in the region.
Again, Lhe role of fallowing in soil fertility restoration
in the region needs to be explored further. The primary
objective of this study is to further advance such
understanding using the Kabomo basin of Katsina SLate as a

case study.
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CHAPTER T'WO
PHYS1CAL ENVIRONMICNT

2.0 Introduction

This Chapter discusses the Physical Environment of the
study area, the Kabomo basin (longitude 7926’ -7028' East
and latitude 11934’ - 1]1937" North). The basin is situated
on the Jare Plains of central northern Nigeria (Fig 2.1).
These plains are located on Lhe extreme western edge of the
Kano Plains as shown in Figure 2.1. The Jare Plains cover
an area of aboul 352km? representing about 2,.5% of the total
land area covered by Lhe Kano Plains. 1In the following sub-
sections, Lhe climatic, geologic, geomorphic, vegetation,
edaphic and land use characteristics of Lhe area are
discussed.
2.1 Geology

The Jare Plains are underlain by two major geological
formations, namely younger melasediments and differentiated
Basement Complexes which mainly consist of gneiss and
migmatite. The Kabomo experimental station 1is situated on
the differentiated BasementL Complexes formation. This
formation, also referred Lo as Sensu stricto, includes all
rocks older Lhan Lhe younger metasediments. The original

rocks have been extensively modified by metamorphism and now
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malnly occur as migmatite and granitic gneiss (McCury,
1976): Quartzite ridges, which are important features of the
landscape in Lhe area, belong to fhis group of rocké. The

Sengsu stricito consist mainly of quartz and Feldspar which on

weathering give rise to relatively sandy and poor soils
(Bepnett et al 1978).
2.2 Climate

The area has a semi-arild climate with tofall anndél
rainfall usually below 700mm and which is concentrated in
the months cof May/Juﬁe tﬁ Sepiember/Octﬁber. Tewperatures
are however high for most time; of Lhe year with daily
waximum temperature ranging from 27%c te 40%¢ and occurring
during the monlhs of March to May while dailymmiﬁiﬁum ranges
from 12%¢ to 25%c¢ and occur during the months of November to
Friday (Bennett et al 19781.

The highest temperatures occur in April and the 16wa3t
in December ta January. On the basis of temperature and
rainfall, four main seﬁséns have'béen recogniéed in the area

and they are:

a) Cool dry season; from Decémber to Feﬁruary
b) Hot dry season; from March to may
c) warm weL.éeason; from May/June to September
d)}  Season  of decreaSing. rainfall and falling

temperatures from September Lo November.
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Fig. 2.2 ; Localion and extent of the study area onthe kano plains
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The seasohal pattérn is determined largely by the
movewmenlt of Lhe Inter-Tropical Diséontiﬁ#ify. {(ITD), =a
transient discontinuocus zone whgre tropical maritime and
tropical continental air masses ﬁé;ﬁ. The f{former is a warm,
moisl air which movgs inland qff the ocean in north-eastern
direction and Lhe latter.is é Qarm and dry air which moves
from the Qesert in an opposite direétioﬁ to fhe maritime
airmass. The winds of the tropical coptinental alirmass are
often dust laden and are locally known a=z Harmatfaﬁ.,

The ITD, which extends roughly east-west across West
Africé migrétes north and 3ou£h of the study area. Over the
whole of Kano Plaing, it is situated at approximately 8IN of
latitude in January and at 20N of lgtitude in July. This
means thal the ITD crosses the ?ldins tﬁice. in & year, once
on its north ward progressland again daring its south ward
.progress {Mc Tainsh, 1982}.

2.2.1 Rainfall Characleristics

The rainCall of the area is seaapnal in character and
highly variable froﬁ yearl to year;“ ﬁéinfali records at
Bakori, for instance, indicate that in 1974 {1he annual Lotal
was 590mm which dropped Lo 570mm in 1976 and then shot up to
650mm 1n 1978.. Such a paltern oflvariation is shown in

'Figure 2.4. The rainfall is unimodal in nature and usually



ulsbg owoqgoy 2y} jo  SOUSIIAPDIDYD  dydoiborsAyd gz ‘B4

\ 2 Jl( SIYL3WOTIN
= g O NV ] T T 1
nwc £ [4 i 0
- &

G89

VI439IN

{03ty Apnig ay)) 2115 |DjuawWadxg ay . .
] . L3
* uISDg owoqDy au So.ﬂm 0 -
poojg == SBALY o g
0y Jolpp — -
Qv H)I Pays & . E' 3
L. juawalas o S 2
AN w




-

286t

L

(Z86L—Z96L) 140%DE D 1IDJUIDY [DNUUY UD3BW }O  UOHDLIDA :%-7 514
- . S JD3L
Nm_m_‘

BL6L o6k el . 0L6L 8961

996L  796b - Z96L

]
H
L
&

~00S o

*

HojuiD

009

(wuwy

-004




-

23

reaches its peak in July or August and then drops sharply in
October, The Lhree wettest months are July (with a range of
i86 .to 250mmi, August (with a range of 230-245mm} and
September (wilh a ronge of L125-175um). The months of
November Lo May constilute Lhe dry season in which little or
no raintall is received, The inter anﬁﬁéi variation 6f
rainfall on monthly basis petween 1962 to 1982 faor Funtua,
which is located .very clése té Kabomo is shown in Figure
2.0,
2.2.2 Temperature

The temperature of thevéféé ié.high far most times of
the year. The mean mgximum igq;eases from 27%c in February
..énﬁards reaching a peak of dO“c in A;ril. The mean minimum
ig lowest in lecember to January during which a temperature
"of as low as 6Y%c¢c is recorded. During this well-known
flarmatian period, hights teﬁd.fo be cloudless and theré is
considerable radiation of heal from the ground. Figure 2.6
”shdws the méan d#ily minimum and maximum temperatures at
funtua between 1862 Lo 1982. The high temperature of the
area coupled with the sparseness of vegelation cover is
expaected to cause high levels of goil temperature. This can

consegquently keep the soil moisture content low for most

pafts of Lhe year.
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2.2.3 Numidily

Figure 2.7 shows the mean monthly values of relative
humidity over Funtua beltween Lhe years 1962-1982. From the
Figure, it could be seen that the relative humidity of the
area reaches ils peak of about 70X in August and becomes as
lqw as 27% around Decembep to  January. During the rainy
season,. ﬁhere afe.ﬁany .hﬁt .humid days but during the
Harmaltan period, the humidity level may drop to as low as
20%. The humidity palttern of the area greatly influences
the 1life c¢ycle of vegéﬁétion .because the increase in,
Humidity level bgfore the onset of the wet_season and the
firat showérs in Lthe perioﬁ between April to May use to
cause many trees {to Lurn green. Tﬂis invariably means that
humidity pattern indireclly 1influences scil development
.processes in Lhe aréa.
2.3 Geomorphology
2.3.1 Geomarphic HisLory

The aresa hus a complex geomerphic history beginning in
the Jurassic period with formation of the oldesit known
erééion surfacé. .comm;nly..referred to as the Gondwansa
peneplain (Buckle, ;9?6). During the cretaceous period, a
general. subsidence occuf?ed and the Gondwana surface was

covered by lacustrine and fluviatile formations. It is
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likely thalt Lhe subsidence stopped after the deposition of
these.formations ﬁnd.nzgeneral uplilt followed afterwards in
the late lacustrine period (FAOQO/UNDP, 1969). The Post
Gondwana process qf pediplanation in tiLhe late c¢retaceous
caused the removal of thihner. péftsIAf fhése formations.
More deposiltions were reporied to have taken place during
.the éarly tertiary. period aftér. the general subsidence
.(Thomas, 1974) ., |

During Lhe miocene period, another uplift also
occurred and resulted iﬁ .a pediplénétiohl éycle which is.
represented by whal is commonlylreferred to as the African
.éurface. This surface is marke& 5& the presence of
exlensive sheels of massive and indurated laterite and broad
river meanders. - R | :;ﬁ

During ULhe pliocene, anothef. ubliff took place and
caused the rejuvenation of the drainage system in the.area
to rés;lt in Lhe formafion ol V-shaped valleys cutting
across the old sediments (FAO/UNDP, 1969). During the
pleigtocene and holocene, ftechtonically-stable conditions
prevailed allLhough Lhere may.have.ﬁééﬁ sdﬁé relative uplift.
The geomorphic procgsses that were operative then and up to
| the present tiﬁé,.were contf;lled.by several changes of tLhe

climate from arid to moist to wel and vice versa (FAQO/UNDP,
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1969). The. evidence far such changes is the presence of
aevérai riQef. sedimentation paltierns alternating with
various deposits of loés; and éover sands (McTainsh, 1982),
Since the late pleistocene, at. }east five major drainage
patterné héve developed in the .area (FAO/UNDP, 1969) and
these inclgde:

a).. Older bfaidiﬁg and.locally meandering river system

b) Younger braiding river system

c) Sub-recent. meandering river system
d) Lacustrine meandering system
e) Recent meandering system

2.3.2 Landfurms. and Drainage
. 3
Five major landforms could be identified in the study
area and a brief description of each is given below:
a) Aféas wiLB very high Iréliéf which consist of tLhe
following: sharp ridges, scarps and rock outcrops.
b) Areas wilth high relief intemnsity, which comprise of
hilly landscape, talus slopes.;ﬁd isolated ridges.
c)_ Areas wilh medium relief intepsity including
badland,.vallejs excluding fiood plains and
dissectled pedip;ains. h
.d) | Aréﬁé with .iow reiief intensity which are overlain by

deposits ol aeolian and Tluvial origin and consist of
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the following: slmost [laL acolian deposits, sandy wash

plainsg, upland river terraces, flat remnanis of
pediplaiu, depudaling scediwentary plains, sbructural
plateaux, headwaler regions, low Lerrace i'lood plains,

dissected [loe terrace, inlersected levees and spills,

back swumps, gullics ol sub-recenl braiding system,

presan. tday uhuﬁncla ﬁf meandérihg systém, .parfl#

silled-in gullies and ponds, and undifferentiated minor

flouod plains. ﬁ

The sludy area has medinm to coarse textured undulating
plaing of moderate relief. IL hags a mean altitude of about
fl.5“ (Bennell. et al 1978).. There are fewlrdck outc;éés with
small Lo medium cappings. Few ridgés, some standing up to
100m above the adjacent plains.are also found in the area.
The drainage palLtern is mainly dendritic.'ahd has a density
of aboul l.lkm/kmZ2. Three main drainage baﬁins are found in
the Jare Plaiﬁs and .they includé: Kabomo, .dofa and Bakori
basins. All these basins drain into the Jare river system
which also drains inte Lake Chad through the Kano~HadeJia
river system. Thysicgraphically, the Niger-tChad watérshed
forms the Wesﬁern adge of Lhe study are (Fig52.2). Detailed
'Iphysiographic features of the Kabomo basin.(the stﬁdy gsite)

is given in Figure 2.3. The Jare Plains are generally
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overlain by aeclian deposits yhich are so?etimes referred to
az drifls or loess.
2.4 Soil Characteristics

The soil resources of Lhe area have been studied using
recohnaissance .survey method..by FAO/UNDE (1969}, Using
identified morphological, physieal. and bio~chemical
properiLies, tLhe soils have been clasgsified as Engisols
(using USDA, 1975 system) and Xerosols (using FAQ/UNESCO,
1974 sysiem). These soils have been described as fine
sands, slightly adidic wiﬁh Po of 5.5 to 6.5, and less-
leached soils wiLh very high base satgratiqn, that have bheen
defived from Basement Compiex reeke .ana aeolian drifte.
Their organic matier content is Ilow and total nitrogen
content rarely exceeds 0.2%, while available phosphorous is
generally below:lO ﬁpm. The. inhe;eetlg 10# efganic matter
conkenl. of the soils 1s being aggpevated by loses of
poteptial humus material in the form of. ie;f and litter
oxidation and /Jor burning, erosion, continuous cultivation
pnd grazing in the area.

IThe domiﬁant. clay minefai .of fhese droﬁghiy. soils ie
kaolinite, Results of soil analyses cerried out by FAQ/UNDP
(1969) have, howe;ef, revealed that.the soile locﬁfed on the

floodplains have fairly high cation adsorption capacity
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values which suggests that in such soils, colloidal
ﬁaterials other than kaolinite may be present. They have
also observed some montimorilloﬁitic.clay minerals occurring
in some dark coloured and. cracking"fadama soils in the
presence'bf varying pr0portioné of kaolinite. The dominance
of kaolinite in the arca has been attributed to the ﬁature_
of underlying gcelegy which is largely quartz, Thg soils
are alse characterised by veffiéai. elﬁviafioﬁ of clay
fractions from Lhe A to B horizen which js sometimes
" referred to as Argillicf 5orizon. Such a horizon may
restrict movement of water down the profile and by doing so
can reducé the amount of water made available to plant

iy

roots.

Under intensive irrigation wiﬁhout subscil drainage Lhe
slowiy permeable aréillic hﬁriﬁoﬁ of the.soils of the study
.area may give rise Lo perched waler tables thereby causing
.‘ﬁatcriogging and uneven distribution of .the irrigation
water. Perhaps much more.serious.tﬁ#n £ﬂis is. the tendency
thal, cvaporation from such. glowly subgiding water table
wiii, in time, cause progressive accumulation of injﬂrious
salts yithln Lhe root zone of crops. Continuous irrigation
Af such soils cen therefore aggravate the problem of

degradation in the area.
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The soils are generally 10ﬁ in exchungeable bases and
.CEC and Leﬁd. to ha?e p&or bufféfiﬁg capacities {Lombin and
Chude, 1988). They therefore have low resistance to changes
in P yhich tend ta decline as tLhe seoils are gubjected to
cultivalion with {ertiliser application. Any aﬁplicatiﬁn of
acidic or alkaline materials such as.fertilisers may Lhus
worsen thelsoils’ chemicél stakus. h. |

According to Bennett et al (1978), Lhe present day
goilg of the arca have been developed within presenf parent
materials [ormed through several c¢ycles of alternating wet .
and dry conditions. During wet phases, deep _qhemical
wealt.hering occurred with downw#sting of Lhe land surfﬁce and
?emoval of suil components in solution and by surface wash.
During dry plhases, weaithered material was exposed to wind
action and high intensity rainfall rbrought ahbout mass
movenenl of loose, unconsolidated sqpf&qes. .A site in the

area may therefore have been acted upon during several

periocds by wind or waber, erosional or depositional
processes, or any combination of the faur. While
colluviation preocesses Lend te result in only local

reworking of the regolith, wind action can bring about
addilion or removal of materials over greater diastances, as

well as local movement‘(Bennett et al [978).
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2.5 Vegetalion and Land Use Characteriatics
2.5.1 Vegetation Types

The physiognomic communities or vegetation types iﬁ'the
area arc Jlargely an expression of overall climatic and
anthropogenic controls. ‘The componént species and structﬁre
pf such species have changed from Place po place and time to
time in response:to human acﬁivitieé or the influence of
firg or soll, separalely or in combination,. The main
vegetation cowmunities are: (i) tree savanna {ii) shrub
vegetation (iil) riparian Qegetation and {(iv) Fédama gfass
savanna. The tree savannsa is.qf two types namely the
Parkland {Man-made)} and fire cbﬁtgéiled. All but the tree
savahna are seasonal in characler aﬁd Lhus provide cover +to
the soils of Lhe aresa for only short period of the year. On
Lhe other hand, the parkland savahna.covefg approxiﬁatelf
T0% of Lhe vegetation communily of the_study area and is by
far 1the moslL important. It congiste of a few trees of
economic value sLanding over cultivated lands or other lands
.that may be reserved for the growth of such trees. Such

trees include Acacia albida, Alzella afgicgﬁa, Adansonia

digitica, pulyrosperum paradoxum, Danielll olivera, Ficus

sycqomarous, Khava senegalensis, Parkia c¢lappertoniana,

Plerocarpus erinaccous, Tamarindus indica and Vitex doniapa.
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Through fires, grazing, agriculture and wood cutting,
substantially large proportions of Lhe remaining vegetation
types beside Lhe Parkland have been.greﬁfly madifiéd in the
area.
2.5,2 Land Use Charucterisﬁics

In the sLudy area, as in most olher areas in rpural
Nige;ia, .agriculture is the dominant occupation.
Agriculture in Lbhe area involves both crop prédﬁciion and
livestock management.. A varjiely ofl crops are produced under
upland rainfed farming conditions  including millet

‘(Pepnigelum__smericanum), gulhea cornh {(Sorghum bicelor),

Cowpeas (Vigna sinensis}, grouandnuts {(Arachis hypogaea},

cassava (Manihol esculenla) Maize (Zea mays L), cotton

{Gossypium _ spp} and Beans, In the dry season, Onions

(Allium capa), tomatoes (Solanum lycopersicum), cocoyam

{Colocasia esculenla)  and sugar cane {Saccharum

officinarium) are often planted on the lowland fadamas.

The area also supports lsrge ﬁuﬁberé of cattie, sheep
and goats which are owned by both the. Fulani.rearera and
settled or semi-nomadic rearers, The Fulani rearers trek
southward with their herds during the dry season and on
fﬁeir Qay force Lhe herds to eal every avaijilable stalk,

grass paltches or pruned leaves from trees. OQther movements
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of herds wiLthin the area also occur and involve both the
Fulani rearers and settled herders both of who allow their
herds to ruthlessly destroy Lhe few vegetative cover as much
as they could. Evidences also abound of roofing timber and
firewood collection which also help greatly in modifying the
character of vegetation communities in Lhe area. 1t 1is
thus quite clear that land use practices 1in the area
contribute greally Lo aggravaling the problem of soi1l

degradalLion.
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CHAPLER TIHRELR

METHODOLOGY

3.0 Introduction

This chapter describes the methods of soil samples
colléction, luﬁoratory analysis and ﬁhe. atatistical test$.££at
were used in the study. Emphasis is on t(he experimental
setting, laboratory technigues {physical und.éhemical) éﬁd fhe
test statistics.
_3.1 Experimental Sgtting

An infefential approach iﬂvol#ihg éide-by—sidé coﬁparison
of s0il under dif{erent land use types aﬁd fallows pf diffgrent
duration was employed in this study, For the pufpose of
asse#sing ﬂhe .effect of different land uses Bh. sbil; four
adjacent plots were selected, They are (i) arableland (ii)
.rangcland (1ii) legume grass (Styloﬁéantﬁes gﬁiaﬁen;isj.férming
and (iv) long slanding fallow plot serving as the pontrol. All
the pleots lie on a single calchment area within an exéeriﬁental
station in the study area. The station was establighed in 1972
for the purpose of juwproving beef supply through intensive
prodﬁction of livestock f{eeds by meané of légume grass; arable
naige croap Zesn  wmays L. tarming and intensive livestock

ranching.
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The contrel ploi réprésents.a planﬁ community which is
well over 80 years of age. In this. respeqt it is taken to
represent the natural .vegetatioﬁ plot.” The plct undér legumne
grass farming has since ils establishment been under continuous

cultivation df Sitylosanthes guianensis {Schofield Stylo) grass.

The grass is a perennial specie with bfanching upriéht.stem ﬁnd
has hairy stems with pinnately trifoliate leaves,. Although it
has low protein content, its phosphorous reqﬁirements ére very
low and as such reguire little or na fertiliser to do well,
The grass is planted at the beginning of the rainy season and
harvested by the end of bthe secason Iafter which tae grbuhd is
prepared for Lhe next planting. Both planting and harvesting
éré done manually. | Its cultivation is witﬁout pesticides or
chemnical applicalbions. |

The rangeland plol bas similarly been under continuous

Gamba grass {Andropogon _ gayvamus) farming since the
establishment ol the cxperimenlial station. Gamba grass 1is a

non-leguminous grass widely grown in Nigeria’s semi-arid
savanna. It is an erccl tuiled perennial that can tolerate

long dry season. The grass is usually planted at the beginning

of a rainy season bult ratbher than harvéafing it like the
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schofield style grass, il is simply open up for grazing by
livestock during the dry season. Here also no pesticides and
chemicals are used and Lhe planting i1s done manually.
The arableland has on Lhe other hand been under continuous

arable rainfed cultivation with maize (“Zea mays L[..) as the main

crop. Harrowing i1s done wusing Lraclor while subsequent
ploughing is done using bullock powered plough. Clearing of
land to prepare for cultivation is done manually. Both weeding
and harvesting are also done manually. There is crop residue
removal while tLhe soil fertility is maintained by the use of
compound (NPK) fertLiliser. The rate of application of the
fertilisers is 60 Kg/N per ha, 60 Kg/P205 per ha and 30 Kg/Kz0
per ha.

For Lhe purpose of assessing soil fertility under fallow,
four plots were also selected for consideration. These are
2,5,10 and 15 years old fallow plots. The plots lie oculside
the beel improvemenl stalion at Kabomo but are in the same
catchmenl area. The seleclLion of Lhese four plots was governed
by three main factors. Firstly, they must be such that their
agronomic characteristics and land use history are similar and

the only difference between Lhem is the length of fallow
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period. secondly, Lhe plots must be from the same slope
gsegment of Lhe calena in Lhe catchment and Lhis eliminates the
differences Lhal may arise due to slope angle variations.
Finally, these four ploLs are those whose ages were certified
by the farmers in the area. The control plot is also the one
under vegelation community of well over 80 years of age,

The validity of the inferential wmelhod adopted in this
study in rcspécL of an assessment of soil c¢hanges under
different land uses depends entirely upon Lhe assumplion that
the different land uses plots selected differ only in
land use history and management practices, and in the case of
soil regeneralion under fallow tLhe plots differ only 1in age
under fallow (Jou and Lal, 1977; Aweto, 1979; Ayinde-Tukur,
1990). To minimise Lhe likelihood of errors due to original
soil variability, tLhe plots selected are those located at the
upper slope segmenl of the catena and are under lain by
identical geological material, mainly granitic gneiss. The
agronomic history of the plols under fallow is also similar.
3.2 Soil Sampling

For the purpose of soil sampling, each of the eight plots
selected was partitioned into 12 equal grid squares. At mid-
poinl. of every grid square, soil samples were taken at two

standard depths namely O0-15cm (Lop soil) and 20-30cm (subsoil)
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depths. The depths were chosen based upon the understanding
that 0 - 15em represenks the average plough layer while 20 -
30cm represents the layer where Lhe clay particles leached from
the topsoil gels accumulated. Two calegories of soil samples
were taken from each sampling pointL and depth. The first was
an undisturbed sample, using bulk density ring while the other
was a disturbed soil sample using so0il auger. The following
procedure was used for taking CLhe wundisturbed samples: a
cylindrical ring of 1bem height and 7cm diameter ‘waa driven
into Lthe soil, A piece of wood was used as a buffer and a
hammer for driving the ring into the soil. After driving the
ring to a required depth, it was dug oul and the soil level in
it trimmed and place in its case immediately. The undisturbed
soil samples were used Lo determine bulk density and moisture
content while tLhe fairly disturbed samples were used to
determine Lhe remaining soil properties. Details on how each
of Lhe soil propertLies was determined are given in Appendix 1.
3.3 Laboralory Analysis
The collected soil samples were analysed using standard

procedures, which 1include: Pippete method for particle size
analysis; Core method for bulk density and moisture content;

Wel sieving method for water stable aggregates; pl! meter (i:2.5
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soil to waler ratbtio) for soil pi; Walkey-Black digestion method
for organic malter; ammonium acelblate extraction method for
Cation Exchange Capacity (CEC) and using the extracts obtained
by extracbLing Lhe base elements from the soil samples using IN
ammonium acelate, Lhe concentrations of calcium and magnisium
in tLhe soils where delermined using atomic absorption
spectrophotomelLer while Lhose of potassium and sodium were
determined using f(lame emission method; regular macro-kjeldahl
method for tolLal nitrogen; Bray No.l method for available
phosphorous while base saturation was determined by adding up
the base elements content which was then divided by the CEC
value and tLhen multiplied by 100. vetails on each of this
wethods are given in Appendix 1.
3.4 Statisbical Analysis

Two main sbtatistical tests were used Lo examine the
significance of variations 1in the soil properties selected and
these are: analysis of variance and students’' t-test.

The analysis of variance is a parametric test for
significant difference amongsi{ three or more variables. in
this study, it has been used to tLest for tLhe significance of
differences in tLhe selected soil properties belween Lhe (our
land uses and between the four fallow plots. Students’ t-test

is a paramelric LeslL of significant difference between two
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samples and in  Lhis study 1L has been used .to test for
significance of the differences in.the selected soii properties
amongst Lhe four fallow pleots and the four land uses. 1In beth
cases, three probability levels have been chosen in order to
aagess the levels at which the differences are significant and
-they include 0.05, 0.0l and 0.00]1 respectively.

The use of Lhe analyéis of wvariance and t-test in +this
study has been informed by the need to identify the differences
in the soil properlies both belween and amongst the plots
selected.l Though tLhe analysis of variance caﬁ effectively bhe
used in investiggting phe gignilicance of differeqcea amongst
the four land ﬁses aﬁd the fﬁur fallow rlots, itlcannot
simul Lancously be used Lo identLify thch of the plots differ
most significantly from the other plots. In the other words,
it ﬁaﬁnot be used to identify the soﬁfce of vafiétiéﬁ.between
Lhe plots., The use of students’® t-tesi as a suppiement

therefore becomes necesgary since this test helps one Lo do

exactly this.
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- CHAPTER FOUR

COMPARISON OF SOIL PROPERTIES BETWEEN
DIFFERENT LAND USE TYPES

This chapter presenks and discusaes the reéu;ts.of the
anal?scs of so0il properbies under Ldifferent .land uses.
Emphasis is on significant dillerences as determined by the
analysis of variance and the t-test statistics.

4.1 Variation of Seil | propartiés | over
different land uses

Figure. 4.1 shows tLhe hiétograms of Lhe mpean and-
standard error of mean ol each of the soil properties flor
Lhe different land use types,. Summary resulis of the
laboratory analysis of the soil ;ampleé Showing.lthe mean
values and standard deyiatjon of the so01l properties are
presented in Appendix I, Table 4.1 .gives the summary
results of the analysis of variance comparing the meah
values of so0il properties for the Jland uses, while Table 4.2
summaries Lhe results of student’é t4test compéfiﬂé thé mean
of soil propertiegs among pairs of land gse_types.

4.1.1 So0il Texture
In Lhe surface horigon, Lhe sand content is highest

over Lhe arableland and lowesl over the natural vegetation.

The values for the rangeland and legume grass farming.plot
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are intermediate. The differences amongst the different
land wuses are signilicant at 0.05 probability level by
analysis of variance (Table 4.1). The resull of t-test
shows that the differences between pairs of land use
calegories are generally significant, at least at 0.05
probability level (Table 4.2). in Lthe lower horizon, the
sand content follows similar trend as in Lhe surface horizon
and both the analysis of variance and t-tesl results show
that the plols are, in general, signilicantly different
from each ather. The results obtained for coarse sand (2.00
- 0,50mm) and fine sand (0.50 - 0.05 wm) are quile similar
to that ol Lolal sand, exceptl LhaL. differences between the
land use Lypes by analysis of variance are not significant
in the tLopsoil.

In the surface horizon, the silt content varies from
being aboul 28% under the natural vegetation, 20% under the
rangeland and 19% under legume grass Lo about 16% for the
arableland. The L-test results show highly significant
differences between the natural vegetation on one hand and
each of the other land uses on the other hand, The
variation in silt content of Lhe lower horizon parallels
that of tLhe top layer.

Analysis of variance reveals significant differences in

clay content between Lhe different land uses. 'The value is



highest in the controcl plot t21ﬁ): followed by the rangeland
(L9%), Lhe legume grass plol (16%) and lastly the arableland
{l2x%}. In the lower horizon, the highest value of 37% was
obtﬁiﬁed for Lhé ﬁontrol while.lower.values of 28% and 21%
were obtained fer Lhe legume grqss plot and arableland.
Results of t-test indicale thht in both .soii l#yers,
differences 1n clay contenls of the soils between pairs of
land usc Lypes are not significant, except thal between Lhe
arableland and each of rangeland and natural vegelLation.
Thus in general, Lhe nalure of textural variation among
the land use types is that of lower sand'values And higher
8ilt and clay fraclions under the natural vegetatiqn cover,
compared to Lhe arableland, while values for the rangeland
and legume grass plotl are interﬁediate. The more sandy
texture of +Lhe respective land. uge types than the natural
vegetation may be atiributed to .the.ldés.;f fine fractions
(silt and clay) during one part of the year or another
through colluviation, vertical eluviation ana. lateral
elu§iation. The excepti;nally higﬂer sands. and lower silt
and c¢lay contents ol the arableland may be due to
disturbances by tillage operations.ﬁhi&h bulve;izéqthe soils

arkl render the finer particles susceplbible Lo removal {(Lal,

.. -

1987},
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Table 4.1: Summary results of analysis of wvariance of

501l properties amongsl different land uses.

Soil ProperlLy TOPSOIL SUBSOIL

F-Ratio | Sig. IF=katio Sig.Ditf
Dilf

Total Sand (%) 3.20 * 4.26 *%%

Coarse Sand (%) 2.18 Z.84 »

Fine Sand (2) 1.76 4.60 *

silt () Z.45 Z2.76

Clay (%) Z2.68 3.01 *

Organic Matler (%) 5.03 *% 3.12 *

Total Nitrogen (%) 4.94 ¥ 2.65

Available Vhosphorous (PI'M) 1.45 2.12

Exchangeable Calcium (Me/100g) 6.13 EE4 2.20

" Magnesium L 10.64 5% 5.62 tr

. Polassium " 3.01 * 3.36 *

" Sod ium " 2.56 2.68

Cation Exchange Capacity " 3.52 ¥ 2.52

pH 2.24 0.72

Base Sation (%) 3.96 * .=y 4

Moisture Content (g/cm3) 2.46 ¥ 2.22

Bulk density (g/end) 3.02 T 2.45

Waler stable aggregales

>0, 50mm (%) 2.52 1.89

Level of Signiflicance: * = 0.05(5%); ** = 0.01(1%)
and *¥¥*¥ = 0.001(0.1%).
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4.1.2. Organic matter and Nitrogen

The organic matter of the surface horizbn ranges from a
mean of about 1.5% over Lhe control plot, 1.3% in both the
rangeland ﬁo legume grass plots and 0.9% in the arableland.
The analysis of variance resuif | feveals gignificant
differences amongst differenlt. land uses, The differences
between pairs of land use categbries are however signifiﬁant
only between Lhe arableland on one hand and each of natural
vegetation and rangeland on the other hand, Tﬁe organic
malter variation in the. lower horizdh is slightly different
from Chat of (Lhe surflace horizpn becauses falue for the
legume grass plol is higher than.that of:the .;aggeland.
Unlike the topsocil, however, only the difference between the
natural vegelation and arableland_ is statistically
gignificant. The differences} in brgaﬁié matter content
between the different land use types no doubt reflect
differences in vegetalion cover. Under na£ural.végetétion,
the normal cycle of growth, litter fall and decomposition is
ip Place. This conlrasts with Lhose of other plots where
the vegetation cover is intermiﬁ£eﬁ£lf.ha;§ésted aor grazed
by livestLock. Similarly the lqwer value of the arable plot
reflects more persistent soil distufbance by; till&ée and

harvesting operations {(Agboola and Corey, 1973; Agboola and

Obatolu, 1993). ' : ,
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The variabion in nitrogen content of the Lﬁo soil
layers is similar.to thal of oréanic.ﬁéftér. The only major
discrepancy 13 in the top layer where the value for the
legume grass plot is slightly highér tﬁan thué..of the
Inatural. vegetation. Results of t-test show :Lhat the
differences between all pairs of land use categories, except
Ifor arableland grass plot and natural vegetation in the top
layer, are aol signiflicant. | The comparatively higher
nitrogen value of tLhe legume grass plot ié expecféd bé?ause

of Lhe leguminous nature of ‘the grass (Schofield Style).

The values of both the organic matter and nitrogen are
higher in ﬁhe topsoil than in the subsoil. These again are
expected because Lhe topsoil is iﬁ direct contact with the
bhiosphere where mosl organic activitie; are.conceﬁtrated.

4.1.3 Availuble Phosphorous

In ibthe Lopsoil, available phosphorous content is
approximately the same under the natural vegetation and

arableland (4.7 ppm}. This islfollqwed by the rangeland
(4.1 ppm), and finally, the 1egumé gf&sé.t3;dﬁp§ﬁ). Only
the difference belween legume grass and natural vegetation
is stalistically signiflicant. In the subsoil, the values of
the element are 3.2 ppm, Z£.5 ppm, 2.3 ppm and 2.0 ppm lor

the natural vegelatlion, rangeland, legume grass and
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arableland, respectively. The t-test result indicates
significant. differencéé between. the arableland on the one
hand and each of the rangeland and natural vegetation on the
other hand. The use of fertiliser or animal nanure may
account for higher phosﬁhorous céﬁtent over.the ;r#ble plot
I(Heathcote, 1970; Mulongoy el al. 1993).
4,1.4 Exchangeable Cations and Catioﬁ Exchange Capacity

Variationy in mean values of exchangeable calciunm,
magnesium and sodium in the topsoil parallel that of organic
.matter.. Thal is, each 350#3 the-greatést vélue aver ﬁatural
vegetation, fullpwed by rangeland and Jlegume grassgs, and

least over the arableland, In pgeneral, the differences

amongsl. Lhe various land use types show astatistical
significance by analysis of variance. The differences
between the various land use typés are also significant,

v between the natural vegetation and each of rangeland,

~arableland and legune ley plots. The pattern of
. exchangeable sodium and magnesium in . the 1owér léyer is the
same as in the top layer, but +that of exchangeable calciunm
1s slightly diffefeﬁt in Lﬂat Qalués f;f the differént land
uses are nearly the sane, Exchangeable Potassium in the
topsoil is  highest over the natural vegetation (0.56

me/100g) followed by the arableland (0.52 me/100g), the
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rangeland (0.43 me/100g) and lowest over the legume grass
plot (0.39 me/100g). The differences amongst the
various land use categories are significant by analysis of
variance but differences beltween them are not significant
excepl for natural vegetation and rangeland, and legume
grass plotLs. In the subsoil, the element is highest under
natural vegelation and lowesl in the arableland, but only
the differences between these extreme values are
statistically significanl.

We may summarise thal in general, with the excepbion of
potassium, Lhe exchangeable bases are higher under natural
vegeltalLion Lhan under any olher land use Lype, Lhe
comparatively lower values for thé rangeland, legume grass
and arableland may be a reflection of losses through
cultivation or harvesting (Wilson and Kang, 1983). The
reasons for tLhe relatively high potassium over the
arableland 1s nol clear, but again, it could be a result of
fertiliser applicalion.

A close look at the results reveals Lhat the values of
the exchangeable cations are only slightly higher in the
upper layer. Given the greater biolo’ical activities in the
upper layer, one would expect that each of them should be

significantly greater in the layer than in Lhe lower layer.
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Possgible explanations for thesze include greater
immobilisation by élants and énimals. inlthe top horizon,
eluviation ol iLhe materials from top horizon and depositian
in the lower horizon, or greater weathering and releasce of
the elements in Lhe lower horizon (Fitzbatrick, 1980).

The pattern of cation exchapge capagity (CEC) over the
different land uses is similar to thoée of organié matter
and c¢lay, and differences between all pairs of land use
Lypes are significant, The similarity in pattern of CEC
with organic matter and clay is hot suférisiﬁg.givén that
the two substances (organic matter and clay) are the
principal soil colloidal materials. upon which rests the
phenomena of cation exchange process (Buckman and Brady,
1969; Brady, 1974; Pitzpatrick, 1980; Esu et al, 1987;
Parton et al; 1989). The cowparatively .giéh CEC ;#iues of
the subsoil possibly reflects the higher clay content of the
horizon or it may be that the clay mineralogy is mﬁre of
active monbtimorillonite-illite types and less of the
chemically sterile kaolinite Lype (Fitzpatrick, 1980).

4.1.5 P! and Base Saturation. | | |

The.P“ value is highest over th Jngturgl_vegetation,

wﬁile the valﬁes under Lhe &lffé?éﬁt .land uses are

approximately the same. Result of analysis of variance
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reveals significant differences amongst the different land
uses in the surface horizon, while result of t-test shows
no any significant. difference belween the landuse pairs.
The lack of significant differences between the different
]anq uses is unexpected given the patterns of organic
matters and exchangeable calLions. A possible explanation
for this is Lhe similarity of Lhe underlying geological
material, being biotite granitic gneiss type. The same
factor might also explain, at least in part, the generally
acidic nature of all groups of soils of the area (Lombin and
Chude, 1988).

The percentage base saluration in the surface horizon
is highest under Lhe conbLrol and legume grass plots (about
90%) and lowesL over Lhe arableland (75%) while the value
for rangeland is 87%. The trend of base saturation in the
lower layer is similar Lo thal of the surface layer. The
result of the analysis of variance shows that in the top
layer, Lhe differences amongsl the different. landuses are
significant while the result of the t-test indicates that in
the top layer, the diflerences belween the arableland and
each of the natural vegetation and legume grass are
gignificant while in the lower liayer only the difference

between the arableland and natural vegetation is
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statistically signilicant. The compéraﬁively higﬁ base
saturation of all groups of soils conforms with the result
obiained by Lombin and Chude (1988) in north western
Nigeria, bult contradicls tLhat of Esu, ﬁt:al., 1987. in KefFi
area of cenlral Nigeria. The high vglues obtained in this
study may indicate less lcaching of base elements (Brady,
.19?4). |
4.1.6 Moisture Comlent

The soil moisture content shows similar trend with the
c¢clay and organic malter, in that the natural vegetation hay
the highest value (0.51 g/cem’d), foliowed by raﬁgeléﬁa.{0.40
‘g/cmal, then the legume grass (0.31 g/cm?) and the least
value over the arableland {0.22 g/ém3) in the upper soil
layer. The dlfferénces are signifiéaﬁt bath .béggéeﬁ.and
amongsat the various land use tLypes (Tables 4.1 and 4.2).
The trend of tLhe properlLy in the lower layer is similar to
~that of the upper Jlayer but the diffterences arc generally
.not gignificant, excepl belween thg arableland on one hand
.and cach of Lhe nalural vegetation; rangelﬁnd;. aha legume
ley on the other hand. The comparatively lowgr moisture
content of the dilferent land uses compared to.£he control
_ ﬁlot could be attributed to lower c¢lay and organic matter

‘contents, and greater rate of evaporation due to scanty



60
vegetation cover, Under all the plots, so0il moisture
content is higher at the subsoil than topsoil, presumably
because of higher subsoil clay conten£ and“iééé e?aéof&tion.
Cultivation and iivestock movement (traffic) on the topsoil
also do break-up so0il siructure thereby redu;ing its
potential for water retention {Brussard et al, 1993; swift
and Woomer, 1883),

4.1.7 Bulk dengsity and water stable aggreganles greater Lhan 0.50mm

Bulk density wvalue igs lowest under the naturgl
vegetation {(1.20 g/cm3) and.highest ove; the.rangélagd (1.40
g/cmd ) while values for Lhe arableland and legume grass plot
are about the same (1.30 g/em?) in the top layer. The

v - |

- result of analysis of variance reveals significant
difference amongst tLhe differenti lgnd ugses in Fh? t?p layer
but the result of t-test reveals n§ significanf di%ference
belween the various plots pairs, In the subsoil, the
property has the highest vgluc over the arableland and
legume grass plol (about [.6 g/cm3) ;nd tﬁe lowest éver:the
natural vegetation (l.40 g/cm®), while the value for the
rangeland is inlermediasle (1.48 g/cm?). The analysis of
variance resull shows no significant difference amongst the

different land uses so also Lhe L-testl results. The

comparatively higher bulk density value over the rangeland
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at the topsoil may be a reflection of trampiing effeéts of
browsing livestock, while the lower value for the natural
vegetation refleclLs higher bioleogical activities _(Brady,
1974; Saibu, 1991).

In general, tLhe bulk densily values are lowe; at Lhe
topgoil than the subsoil over all land use types,. Thié is
expected because of higher biological activities of the top
layer which besides creating a flulfly porous condition also
adds more organic matter to the laye?. nganic :matter
usually has a lower density (less than 0.4 g/cmd ) than most
s80il mineral particles (2.6 - 2.7 g/cms) (Briggs,.lg?T).
These therefore mean higher orgénié matter content will
promote a lower bulk density valge uwhile a lower content
will promote a4 higher bulk'density.§$lﬁé.

The value ol waler stable aggregates (WSA) greatgr ithan
0.50 mm is highest over ihe natural vegelation, follﬁwad by
_thel rangeland and Jlegume grass .ahd lowest over the
arableland, in bolh the Lopsoil and sgbsoil. The analysis of
variance resull shows thal Lhe diffefen#eé ahongsﬁ fﬁe land
uses are not. signilicanl in both so0il layers while_:the L
test reveals LhalL in Lhe top s0il the differences are éll
significant except betﬁeen the rangeland on the one hand and

each ol Lhe natural vegetation and legume grass plots on the
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other, while in the lLop spoil only the differences between
the arableland and ecach of .the raﬁgeiand. and..ﬂgfﬁral
vegetation are significant. . Thg gregter WSA content
of the pnatural vegelabLion is expecled and can be .atﬁfibuted
to higher organic matler and clay contents, and generally
greater biovlogical activities. The buffering effect ol leaf
CANOPY and litler for example reduceé the otherwise
shaftering eflecls of raindrops on so0ill aggregales.

Exceplt over Lhe natural vegetlation, the WSA.vaiués are
highéf at the lower layer than at the top layer for all
groups of soils, The highgr value at the topsoil for the
natural vegetation could be attributed to higher 1éaf cdnopy
which helps to reduce the shattering”effects of rgindrogs
while the lower values of tLhe oLher land uses may béwaué fo

disturbances of the soil by cultivation, grazing or

livestock traffic,
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Cﬂi!\!ﬂrlﬂﬁt FIVE
PﬁTfERNS OF CHANGES IN SOIL ERDPERTIES.GQER
FALLOWS OF DIFFERENT ﬁGgS
" B.1 . Iantroduction:

This chapter presents and discusges the results of the
‘laboratory analyses of the so0il samples collected from
fallows of different ages. Emphasés. éré dn.'significﬁnt
" differences betwecen and amongst the diffgrent fallpwg and
conlrol plot. The first secLioﬂ comparaes golil ﬁ?opéffies
for different age grade fallows and the second part compares
the fallows plols wilh the control ploi.

5.2 Differences in Soil Properties of Different Fallows

Figure 5.1 summarises the reiﬁtionships_ between the
s0i1l propertices and varying age-grade fallows. Téblcs 5.1
and 5.2 pfesent Lthe results of the analysis of variance and
the t-testL perlormed amongst and between the various age
,.grude Tallows respectively. Defaii statistics .ﬁf:the seil
properties Lhemsclves are presented in Appendix II.

5.2.1 Texture

The sand content shdws a general decrease in value
with increase in age of fallow in the topsoil (0-15 cn
depth). The analysis of .variance result | shﬁws .no

significant, diflferences amongst the fallow periods, so also
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the t-test results (Tables 5.1 and 5.2). In the subsoil
(20-30 em depth), the sand fraction also shows a general
decrease wilh increase in age of fallow, with no significant
differences amongsl tLhe differenlL age-grade fallows, The

differences between tLhe various fallow plots are also not

significant. The coarse sand (2.00 - 0.5mm) and fine sand
(0.50 - 0.05mm) fractions show Lhe same paltern as total
sand and Lhe analysis of wvariance results reveal no

significant differences belLween the different fallow
periods.

The silt (raction shows an opposite trend to the sand
content, varying (rom aboul 23% and 19% for topsoil and
subsoil, respectively, over the two yeafs old fallow, to 28%
and 23% for the 15 years old fallow plot. Neither analysis
of wvariance nor L-Lesl reveals significant differences
between or amongst Lhe fallow periods.

The clay fraclion also shows an increase in value with
increase in age of fallow, combined wiLh significant
differences between Lhe fallow periods (Table 5.1). 1In both
the topsoil and subsoil, both the differences amongst and
between tLhe fallow plotLs are not statistically significant

(Table 5.2).
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On the whole, there is a tendency for the soils to
become less sandy bul more clayey and silty.aslthé léﬂgtﬁ of
fallow period increases. This fealure could be ascribed to
an increasc 1n vegelation cover wilh an increase in length
aof fallow, As  vegetation cover incféases, the rate of-
removal of fine soil particles in rqnoff or soil wash
decreases. o
H.2.2 Organic Matter and Nitrogen

There 1 a signilicant increasgse in tLhe organic matter
content wilh increase in the.length of fallow.period. This.
range from about 0.94% over 2-year fallow plat to about
1.44% over L5-year fallow plot. The resultlof. thé ahalysis
aof variance .shows that zthere ar; significant differences
amongst the fallow periods, bpt.the t-test result indicates
that the differences are not sighificant onlyﬁbétween the 2-
'year fallow on one hand and ecach of the 10 _the lo~year
fallows on the other hand. The variation in  3§11 arganic
-matter of the lower horizon parallels that of the top
horizon. The differences amongst the different age-grade
fallows are also signifiecant and oniy the difference hetween
the é—year fallow and Lhat of the [b-year age gradgs are
significant by L-test (Tables 5.1 and 5.2): Th; increases

in soil organic matter with increase in age of fallow 1is
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Table 5.1: Summary results of analysis of variance for soil

propertics amongsl fallows of varying age.

Level of Signiticance :
- %k

= 0.001(0.1%).

S0il Properly Topsoil Sig. | Subsoil sig.
F-Ratio | Dif.| F-Ratio | Dif.
|
Total sand (%) z.40 : 2.20
Conrse sand (%) 1.50 i t.73
Fine Sand (%) 1.44 2.26
it (%) 2.02 1.46
Clay (%) 2.19 2.50
Organic Matter (%) 11.65 %% | 4.206 *
Total Nitrogen (%) 4.94 Z2.65
Available Phosphorous (ppm) 1.45 % 2.12
Exchangeable Calcium (Me/100g) 6.13 FE 2.20
" Magnesium " 10.64 ** 5.62 ¥
" Polassium " 3.01 ¥ 3.36 *
" sodium o« 2.56 * 2.68
Cation Exchange Capacity " 3.54 2.52
pH 2.24 * 0.72
Base Saturation (%) 3.96 * .72
Moisture Conlent (g/cm?) 2.86 ¥ 2.22
Bulk density (g/cm3? 3.02 2.45
Waler stable aggregates > 0.50 mm 2 2.52 1.89
¥ = 0.05(5%); ** = 0.01(1%) and
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expected becaﬁse of an increase in vegetation cover which
tends to lead intq. greater Lurn over of organic malerial
(Nye and Greenland, 1960);

Similar paliern of a generel increase with length of
fallow was observed for the nitrogen content in both soil
iayéfs. The differences amongsli the [allow periods in the
top horizon are also highly significant but the dilferences
between Lhe pairs of fallgﬁ.périods are néf significant.
HThé analysis of wvariance results however, reveals no
significang differences belween the lallow periodé in Lhe
lower laycf, 35 also Lhat of Lhe t-test between Lhe [allow
periqu {Tables, 5.1 qnd D.2), These resulis suggest ihat
the longer Lhe Iailow leﬁgth, Lhea g;eater the aclbivities of
Lhe nitrogen oxidising buacterial {(Ayinde-Tukur 1990). As
the fafilow lenglh increasen, vegebabion cover becomes more
cuntinuous Lo enhunce ‘improved micro-climale activities in
the soil (Nye and Greeoland, 1960).

5.2.3 Availablc.Phos;horous:

The avatlable phosphorous in the topsoil increases from
a mean ol 3.2 ppm over the 2 yecars old fallow to 3.32 over
tiic 5lyears old fallow, 3.9 ppm over Lhe 10 years fallow and
4.3 ppw over Lhe 15 .years ¢ld fallow. The analysis of

variance reveals gigniflicant differences between the
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different age - grade fallows while t-test result indicates
none in both so0il horjizons (Table 5.2).

The increases .in the émount of available phdsphorous
with increase in Lhe length of fullow period could be
altribuled to Lhe increase. in vegetation.cover;. Qegefation
cover influcnces ihe degree of rock and soil weathering and
hence the release, to the scoil system, of phosphorous held
in inorggnic cémbination. Similarly, increase in vegetation
cover ifends Lo favour Lhe increase in organic matter content
llof a soil.and since organic matter stores impérﬁant amouhts
ol phosphorous, increase in organic matter might lead into
\.higher available phosphorous level of a soil.

5.2.4 Exchangeable bases and Cation Exchang; Capacity

The exchangeable bases show a general increase with
increase in the length of fallbw ”feriod. However, only
magnesium and potassium show significant differences between
. the fallow periods in both the sovil layers (Table 5.1}). The
réét show signifiéant differénces dn1§ .inffespect of one
horizon. Calcium shows significant Qifference between the
2-year fullow on one hand .und each. af £hc.ld Jand l5-year
fallows on the olher hand in the Lop s01l and between the 2
and 10, 2 and 15, and 5 and lb-year fallows in the subsoil.

‘MagneSium shows significant differnnce.between the 2 and 15-
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year fallows only in both soil layers. In the case of
Potassium, tLhe differences are all significant in the
topsoil Dbelween the Z-year fallow on one hand and each of 5
and l0-year old fallows on the other hand but in the subsoil
only the difference between 2 and |0-year fallows is
significant. Sodium on the another hand shows no
significant differences between all pairs of fallow plots in
both soil horizons (Table §.2).

The increases, allhough often insignificant trend, of
the exchangeable bases with increase in Lhe length of fallow
period c¢ould be attributed to vegetation effect on the
supply of Lhe nubLrient elements. As Lhe vegetation cover
increases, soil condilLions become more favourable lor Lhe
supply of Lhe elements by humification and biochemical
weathering processes and their retention in Lhe soil (Areola
and Faniran, 1978).

The CEC of the tLopsoil increases in mean value from
5.24 me/100g over the 2 years lallow plot, to 5.42 me/100g
over Lhe 5 years plot, 6.24 over Lhe 10 years plot and 6.74
me/l00g over the plot with 15 years fallow. The result of
analysis of variance indicates that the differences amongst
the age grade fallows are not signilicant (Table 5.1).

Results of t-tLest indicate however that Lhe differences
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between Lhe 2 and lb5-year fallows are statistically
significant (Table 5.2). The trend of the property in the
subsoil is similar Lo that of tLhe Lopsoil exceplL that the
differences belween Lhe fallow periods are not significant
only for the 2 and 5, 2 and 10, and 10 and 15-year fallows
respectively. The vbserved increases in CEC with increase
in the fallow period is expected because of increases 1in
ciay and organic matter contents of the soils.
5.2.5 Pn and Base Saturalion

The Pu value shows only slight increase with increase
in the length of fallow period in both the soil layers. In
the topsoil, the value varies between 5.86 over Lhe 2 years
old fallow Lo 6.06 over Lhe 15 years old fallow and in the
subsoil, belween 5.25 over Lthe 2 years old fallow to 5.62
over the 15 years old fallow. The analysis of variance
results Lhus show no significanL difference between the
fallow periods, and Lhe L-testl resull also showed none
between pairs of fallows. All groups of soils are acidic.
This result is in agreement with the work of Lombin and
Chude (1988) which shows Lhat most soils of the savanna zone
are generally slightly acidic in reaction and do not under
go rapid changes in Pn unless acidifying fertilizers such as

urea or lime are excessively applied.
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In Lhe surface .horizon, base saturation percentage
shéws an increasé in valﬁe from abouf'80£ over the 2=year
fallow plot through 88% over the b-year fallow plot apd 90%
over Lhe 10-~-year fallow ploti and.then decreasesg to 38% over
the 15-year fallow. The analysis of variance result  shows .
that therg are signiflicant differgnces belween the fa;low
periods.(fable 5.1).while t-test fééﬁlts. indicatélthat the
diflferences are significant only.betyeen Lhe 2-year fallow
on one hand and each of the 10 and 15~yea¥ .fallows o; Lhe
other hand {(Table 5.2). In the subsoil, the value increases
from 78% over Lhe 2-ycar fallow plot to 79% over Lhe 5 and

]

ld—year fallows plot and.82% over the 15Fyéaf failéw ﬁlot.'
The analysis aof variance reguit_ indicates that the
differences are neot significant. s0 also iLhe .t—test result
.between the various pairs of fallow plots, The increases
in base saturation.values with increase in the length of
fallow period, though iargely not signifiban;, coﬁid be
attributed to {Lhe increases in the exchangeable base
contents of Lhe soils,
5.2?6 Soil Moislure

S0il moisture content increases {from 0.27 g/cmd over

the 2-yecar fallow Lhrough 0.31. g/cm® and 0.35..g/bx3 aver

the 5 and i0-ycar fallows respectively to 0.42 g/cm® over
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" the 15-year [(allow in the Lop layer. The result of the
t—-test indicales that Lhe. differences bétween most pairs.of
fallows are significant. (Table 5.2}. The analysis of
variance resull also reveals significant differences amongst
the differenl age grade fallows (Table 5.1). In the lower
layer, Lthe so0il moisture content increases from 0.45 g/cm’
over Lhe SH-year fallow Lo 0.62 g/cm® over the 15—yéar
faliow. The resull. of Lhe analysis of variance shows Lhat
Lthe differences amongst the fallow age-grades are not
significant. while Lhe t-test result indicateszs +{that the
differences between Lhe plot pairs are all significant,
except those belween the.z and 5,:5 and 10, and 10 and L5~
v
vyear fallows respectively.

The increase of Lhe so0il moisture content with increase
in length of fallow period might be .a réflection of the
reduction in the rate ol evaporation from soil suyfuces as
the vegetation cover becones dense. Anolher posgible reason
is the increase in clay and organic matler content with the
increase in Lthe lenglh of rlallow period, since these two
materials constitute the soil colloids that have Bigh.ﬂater

retention potentials (Brady, 1974).
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5.2;? Bulk Density and H#Ler Stable.Aggregates greqter than 0.50nm

In both soil lavers, the bulk density ?ai;e shaws an
opposite trend to Lhat of organic matter, in that values
.decrease wilh inérease in the.length Qf Ialloﬁ.beriod.. The
analysis  of variance result reveals no significant
differences amongst Lhe various age-grade fallows, but
the t-test calculated between pairs of fallow.agé*grades
reveals 1{hal Lhe differeqces are significaqt only on the
subsgoil betweeﬁ 2 and 10; 2 and I5, and 5 and 15-year
fallows respeclively (‘table 5.1 and 5.2). 7The decrease in
bulk .density with increase in the length of fallow period
might be a reflection of an increase .in Lhe orggﬁié matter
content with increase in the lengtﬁ of fallow. Besides the
effects of organic matter iﬁ loﬁefing Lhé value of..Lhe.bulk
density, Lhe Lloosening of Lhe topsoil by roots of shrubs,
grasses and shorl trees could also contribute to the
Iowering of the bulk density {Ayiﬁde —.Tukur, 19965.

The paltern of water stable aggregales greater than
0.50 mm is the same as that of the orgénic matter. That is,
the properly shows an increase with increase in the length
of fallow period. Tn Lhe Lop layer, the differences amongst
and the different fallow age-grades are sighifibant while

those between 2 and 5, and 10 and 15-year fallows are not
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{Tables 5.1 and 5.2). In the lower iafer, the differences
amongst the various fallow ago-grades are also nol
significant and only Lhe difference between.thé 2 éﬂd 15~
year fallows is Sigﬁificant. The similarity in paltern of
organic matLer and waler slable agygregates is expected for
ﬁL leasl four maln reasons. Firatly,.brganic matter i1s the
. major agency Lhat encourages Lhe development of granular-
type aggregates in soils (Lal  1877; Huiongo& eﬂ al, 1993}.

Secondly, Lhe electromagnelic properties of humus, as well

ag Lhal of c¢lay are known Lo be effective in 1Lhe
organisallon and subsequent stabilisation of soil
aggregates. Thirdly, producltg of microbial and other

"organism in & soil (such as casts of e&rﬁhworms) do
encourage crumbs develbpﬁent in a s0il and exerl some
significant influences in the formation and stabilisation of
g0i1l aggregates,. Fourlthly, as vegetation cover develops
wikh thé increase in [lallow period, Lhere .would be an
increage in Lhe buffering effects of leaf canopy.and litter
cover on the soil and .thié'would help in reducing the
shattering effecls of raindrppalon soil surfaces,
5.3 Comparison of soil propertiés Unde; Bifferént

Fallows and natural Vegelalion.

Table 6.3 gives (he value of the so0il propértiéé for

each of the lallow period expressed as 4 percentage of the
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value under natural vegelation (i.e assumed equilibrium
level) and also summarizes Lhe results of the t-test between
the control plol and each of Lhe fallow plots.

The natural vegebalion cover shows higher silt and clay
contents and lower sand contenls Lhan Lhe respective fallow
plots. The results of t-test show, however, that only the
Z2-year fallow has, in general, significantly different
values of Lhe size factions from those of the natural
vegelation in tLhe topsoil while in the subsoil, both the 2
and 5-year fallows show significantly different values
(Table 5.3). These results indicate that the changes that
occur in soil textural properties after being left to fallow
are relalively insignificant in Lhe firat 5 years. This may
be because during Lhis early period, the vegetation cover 1s
low and Lhis encourages aclive removal of fine materials in
wash process.

The natural vegetation cover shows significantly higher
organic matter value than those of the 2 and 5-year fallows
in the topsoil and Lhe 2,5 and 10-year fallows in Lhe
subsoil. These resulls mean that the build-up in organic
matter in Lhe s0ils becomes significant at about the 10th
vear under fallow for Lhe Lopsoil and the 15Lth year for tLhe

subsoil. In the Zaria area, Ayinde = Tukur (1990) observed
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that the organic maller content of the soils under fallow
have.by the Sth year of falléﬁ'perioa.reééhed Qﬁ% of the
equilibrium level. 1In Lhe present study, fhe percentage by
the 10Lh year under fallow is 98.61% in the topsoil which
more or less agrees wilth the observation madé SY Afinde—
Tukur (L1980}, In a related study, Awebto and Areola (1979)
have in Lhe south-western Nigefia observed. that brganic
build-up in soils under secondary succession approaches the
equilibrium level at  aboul Lhe 10Lh year of fallow., The
build-ups in soil nutrients were, however, found to be
confined Lo the first seven years after which declines in
total nutrient levels were Iobser?ed ‘Aweto and Areﬁla i979;
347). They attributgd such declineé to the high demands of
the nutrients by the 1re-established woody vegetation which
resull into high nutrient immobilisatioh in .the.tiésﬁes of
the 1re-developed woody  vegetation. In bath .goil laygrs,
only nitrﬁgén content éf the 15 YEATS .old faliow ig not
significantly lower than that of the natural vegetation.
2 The value for Lhe resl of Lthe Fallows are signilicantly
lower. This suggests a rather 1ower'r§té of buildéup of
nitrogen in Lhe soils under lfallow in the study areaf Such
Ia slow rate could be attributed. ﬁo high rate of nitrogen

immobilisation by Lhe standing fallow vegetalion (Ayvinde-
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Tukur, 1990). Another probable reason for this is high rate
of mnilLrogen losses through leaching and volatilization.
Like nitrogen, thé'phosphorous contenf of fhe:CAntroi plot
and respeclive fallow plots are, in general, significantly
differenl exceplt {or Lhe l5-year age—gradé fallow,

In general, all the flalliow plots show significantly
lower exchangeable cations than the natural vegetation.
This ﬁeans, leaving é land to fallow for only 15 yecars in
the study area may not in any way produce sgignificant result
in the soil base stalus. This picfure.is cohtrary.to Areola
et al, (1982) observatlon in the rainforest =zone of south
western Nigeria where Lhe nutrient elemenlts are said to be

. V-
approaching the equilibrium level by the 8th - 10ih vear
under fallow. ‘The probable reason for this is.ﬁhe low net
prrimery productivity of Lhe savanna biome as & whole. Ahn
{1970) has poinled oui that while the total weight of
.vegetation ol the savanna may be only aboul 1-5 tons dry
- weight per. héﬁLre, aboutl 150 tons dry. welght éeflhaétre is

recorded lor forest vegelatlion,
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the so1l properties
fallow period expressed as a percenbage o

nnder naltaral

ol each _af

vegelatb ton,

"hfhe

level of signilicance

Soil Property i Soil Fallow Perod (Years)
Depth Z b 10 15
Total Sand ITnp 120% 115 108 104
Sub 144% 136% 120% 109
Coarse Sand Top 14 104 109 101
[ 5ub 122 1 131% 98
Fine Sand top 126% 103 108 108
Sub 156% 151% 131 124
silt Top 83 90 #4 95
Sul 717 113 131% 98
Clay Top T0% 81 109 93
Sub 74%* 76 83 92
Organic Matler Top GhH*x 78% 99 100
Sub HO** GH** T6% 93
Total Nitrogen Top HOF¥* HA¥EE GH*¥ 95
Sub HA*** GT¥* TH%* 95
Avail. Phos. Top 68F* 70% 81* 93
Sub (%% 7% 88 100
Exch., Calcium Top 6O** GO*¥ 82 85
Sub e GO*x 85 105
Exch, Magnesium Top 64%% 66¥ 70% B3*
Sub H2%% 56%* 64%¥ 73%
Exch. Potassium Top H7%% 63%*¥ 82 BO*
Sub Hi*x 45%%% H3%% 63%%
Exch, Sodium Top T0% 90 96 96
Sub GAFF 92 83 96
CEC Top Bi* 85 90 106
Sub [IREZS GB*¥ 81 96
pit Top 96 96 98 99
Sub 94 96 101 100
Base Satural.ion Top 90 96 101 100
Sub 95 97 101 o8
Moisture Conlent | Top Hu¥kx 61%* GO*F* B2¥
Sub GNEES Gh¥¥ T3% 92
Bulk Densily Top 109 109 106 104
sSub 129 129 102 99
Water Sta. Agd. Top 66FE T6* 95 108
>0. 50nm Sub 86¥ 90 93 92

for t-test. = % =

- T -IL - TR e
Top/sub = Refers Lo 0-15/20-30 cm Soil Depth

0.05(5%);

0.01{1%) and*** =0.001(0.1%).

T*
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These imply Lhal lower amounts of plant nutrients are stored
in Lhe savanna fallow vegetation and upan decay and
mineralisation, in Lhe savanna soil compared to what will be
stored 1n forest fallow vegetaltion and soil. The CEC of the
fallow soils also remained significantly lower than the
equilibrium except tLhe |5 vears fallow (Table 5.3).

None of the fallow age-grades shows significantly
different I'm value from Lhe natural vegetalion. This may
be because of the acidic nature of the soils’' parent rock or
the intensive leaching in the more pluvial period in the
past (Grove, 1956).

There is Jlower moisture content in the soils of the
respeclLive fallow plotLs than Lhose of the control plot. The
resulls of L-=test indicalLe that there are significant
differences belween the control plot, and respecctive fallow
plots, except for Lhe subsoil of the |5-year fallow plot.
The higher moisture content of the control plot could be
attributed to higher clay and moisture contents, and a
greater leal canopy and lilLLer cover.

The bulk densily values of the different fallow plots
are higher than Lhat of Lhe control in both soil layers, but
none of the fallow age-grades has significantly different

bulk density value with the contrel (Table 5.3). The
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comparatbtively lower bulk density value ¢f the contrel
relative Lo Lhe Tallow plols could be attributed to greéter
biological aclivities which favour organic nmatier
.éﬁcumulation ”and, probably, .greater“ activities of soil
organisms Lhat help in creallng a {iluffy poraus candition.
The waler stablc aggregates greater than 0,50 mm on the
oLher hand is higher over the .éonfroi élot. th;n the
regspeclive different Tallow plois. The differenqes .hetWeen
.the céntrol ploL and cach of thé.2 aﬁd 5 .ye;ré oldlfallow

are significant while Lhe resl are not.

e
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resqarchers (e.¥4. Nye and Greenland, 1860; Juo and Lal,
1975; Areola, 1979; AwelLo and Arédia. 19%9;. Awéto, 1981
Areola, et al., 1982; Mulongoy, el al., 1993f, alsp reveal
that mosl of Lhe soil properties considéred are
gignificantly differentiated over the fallow plots either in
bolh or in one of Lhe two soil layers and these could be
attributed Lo the variation in the amount.énd chéfacter of
vegelbation cover over the diflferent fallow age grq@es.

The effects of vegetation cover on soil properties are
manyfold, it influences the rate of biochemical weathering.
processes of so0il and rock minerals and by s0 doing
influenccs the rale ol release to the SOil.éf thé natrient
elements held up in inorganic combination. It also protectis
the so01l from asurface wash and erosion. This means that
the clearance of vegelalion cover would 1lead to some
reduction in Lhe amount ol nutrient elements gnd fine soil
fractions in a soil. Vegelation cover is éléo the main
source ol organic matter to a soil and hence its removal can
caugse some reductions in not only the organic matter
content, bul also nulrient elemeﬁts of the' éoil gince
organic mater ig the major source of most soil nutrients.
| As has been explained by Nye and dreeniand (lQéOj ”and Brady
(1974}, organic matter is the sole source of nitrogen in a

soil and
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also stores imporlLant amounis of phosphorous. Throggh roots
development, vegelal.ion cover also influences tgé conduct
of water and nutrients in a so0ll and this helps net only in
waler and nulrients conservation bul. also in accelerating
Lhe rate of biochemical wealthering in A soil. ;égetation
cover also provides leal and litler canaopy cover on soil
aurfaces which improves soil meisture fetention .in a soil,
reduces Lhe rate of c¢lay and organic matter removal from
spils and increases Lhe stability of soil aggregates.
Similarly, Lhrough the rooting .system and 1its roie in
promoting biological aclivilies in a soil, Yegetatioq cover
helps in lowering soil bulk aénsity. Thesé relatioﬂships no
doubt means Lhal Lhe clearance of vegetation cover will
clause a zo0il Lo become sandy and compacted and also to
uwndergo declines in organib matﬁef; hutrienis hﬁéisture
content and water stable aggregates contents. in Iba&an
Nigeria, Juo and Lal (1977)d have fDr.instﬁnce observed that
after 3 years ol [forest clearance, soil organiél matter
declined from about [.74 to 1.2%, c¢lay from about I[8.4 to
11.6%, calcium from aboul 4.79 Lo 4.10 mé/lOOg; J#gnesium
from about 1.29 Lo 0.92 ne/i00g, pitrogen from about.D.iﬁ to
0.12% while potassium was raised from 0.39 to 0.46 ﬁe}lOOg.

In British Isles, Strutt (1970) has observed that forest
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clearance has .uoL only accelerated.soil. compaction, it has
" alsc exposed Lhe soil 1o the i@pact of. f#iﬁ,: caused
accelerated Lilter losses and declines in nutrient levels.
. Though no attempt has been made in this study to guantity
the amount of vegeLation cover over the different land uses
 _Btudied, it is nonelheless reasonable tg assumed that the
cover indeed varies in character, tﬁpe and betw&éﬂ .the
different land uses. TFor instance, maige (Zea Mays L.) is
the dominant plant cover over the arableland while over the

rangeland and legume grassg plots, Andropogon _gaysmug and

Stylonsanthes gulanensis respecLively are the dominant plant
covers., In  the natural vegetalion ploé, .a.plant community
of trees, shrubs and annual grasses dominale. No doubt
therefore, differences in soil properties are expected among
these four iand uses. This aiso expléiné, at iéastbiﬁhpart,
- why soil of the arableland, where thgre is more persistént
, vegetation removal, is Lhe moét dégraécd of #ll; .Iﬁ then
follows tChat where an area 1s leflt to lie in faliow, tLhe
nature and characLer of vegetalion cover which redevelops on
it . through Lhe process of secoﬁdary successié;.cén often be
considered as the mesi importLant faptor Lhat det@rmines the

fertility of s01ly of such an area.
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Ecological successions are, in general, usually
characterised by increasing trends in the features of
certain atLributes as they progress from younger or earlier
stages Lo malure or laLer stages. These attributes include
species diversily, size of individuals, biomass of
individuals, gross production within the community, 1life
cycle of species, communily structure and ecosystem
stability {Fatubarin, 1993). Jrrespective of Lhe stage of a
fallow vegetalion, four important pedogenic processes tLake
place which help greally in improving the fertiliLy level of
a soil under fallow. These processes include those of (a)
capture of energy and substances through photosynthesis (b)
decomposition of plant residues (é) cation exchange and (d)
formation of organomineral complexes (Boul, et al., 1976).
Though a substantially large part of the substances captured
by plants are used up in Lhe growing processes of the plants
themselves, some importanl proportions of such substances
are finally released to the soil at every successional stage
either Lhrough direcl fixation, leaf or litter fall, or when
finally the plants die and get decomposed. It should
however be expected Lhat Lhe longer the fallow period, Lhe
more effective will such pedogenic brocesses tend to be.

This relationship therefore, can partly explain why the
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changes in mosl of the properties studied were found to be
less marked under Lhe younger fallow ages Lhan the older
ones sin the study area. It should be understood here that
the ability of a fallow vegelation Lo cause significant
changes in soil's condiltion vary considerably from a bio-
climatic environment. Lo another. Thus, while it was
observed in Lhe are under present study that the changes in
most of the properties were found to be effective only at
aboul. Lhe 15th fallow year with the exchangeable bases found
not to have undergone significant changes even at about the
15th fallow year, Areola, et al., (1982) have observed that
in south-western Nigeria, the bui;d-ups in most of the
nutrient elements in some fallow soils have by the 8th
fallow year been c¢lose to equilibrium. It appears
Ltherefore, Lhal in areas ol low rainfall and low biological
productivity, like the dry savanna region of Nigeria, fallow
ages have Lo be quite long before significant build-ups in
most soil nutrienls can be achieved. This can be attributed
Lto Lhe predominance in a dry savanna fallow vegetalion
community of herbaceous flora and a general lack of dense
cover of woody species which could otherwise have encouraged

more effeclive liLter and leafl supplies to the soil system.
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Tillage operation Lends to promote increased
.granulations, accelerale bhe degree of soil compéctidn and
destroy soii organic matter. fThe durability of such changes |
however can be guile variable. For coxample and as Ubéerved
by Charrcau and Nicoul {(1971) and quoted by Jaiyeoba (1983},
the residual effect of plowing in promoling good tilth with
Lhe incorporakion of organic matter in some soils of Senegal.
often lasts abouL.4 years. 1In I[badan area, however, S5alau,
el al., (1992) observed thal the use of hea;y farm machinery
in Lillage over 5 years period has caused some gigniiicant .
declines in soil faunal density, the rate of organic matter
mineraliéation and tolal porosily ol the seoils. In +the
present study, because of Lhe sandy.LeKLure and low oiganic
malter, Lhe posilive modifying effeclks of tillage on soil
condition ﬁre less marked in soils under aresble farming in
Lhe study arca which are nol only sandy but are more acidic,
less moisl and contain lower ievels of nutrienté and water
stable aggregates Lhan Lhe solls of the other land uses.
Akogun {1386} has also explained that subjecting a virgin
s0il to tillage operation would entail the loosening of the
soil, Lhe breaking down of ilu aggregates and the making of

the soil materials more susceplible to removal by running

water or winil,
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Cropping causes decline i1n soil fertility levels
because of nulrient immobilisation by crops. When crops are
planted, a number of nulrients are needed 1in varying
proportions in Lheir various stages of development (Russel,

1961). For instance, maize (Zea Mays L.} requires adequate

supply of potassium before il develops long straws or else
it will resort Lo premature dropping or drying up of leaves
(Hesse, 1971). When il is approaching maturily, il requires
adequate supply of magnesium or else iL will develop
chlorosis and witness retardation in chlorophyll and enzyme
reactions, Thus, as nulrients elements are immobiilised in
plant. Lissues of growing crops, Lhe nulrient reserves of
soils are being (radually depleted. Moreover, as crops are
“arvested, some important amounts of nubrients are lost
(Mulongoy, et al., 1993). Similarly, except where crop
residues are being returned on cultivated fields, harveslLing
leads Lo decline in organic malbter which accelerates soil
compaclion and decline in Lhe amounts of water stable
aggregates and soil nulrients. It is Lhus not surprising
that. the arableland is the mos. acidic, the lowest in
organic maller, pulrients and moisture contents and in Lhe

amount of water stable aggregales.
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The residual effecl of chemical fertiliser application

on soil conditions scems Lo be a contLroversial one. For

instance, Wali (1986) doubt whether it will have a major
effect on soil structure and "even if it does, il seems in
general and on Ltheoretical consideration that the commonly
used lertilisers like NaNO3 and Ni4SU4 should increase soil
acidity and reduce Lhe sLabiliLy of aggregates and hasten
the detlerioration of soil granules (Wali, 1986 27 )%,
Hlowever, Mulongoy, ebL al. (1993) observed Lhat the use of an
NPK fertiliser [or maize (Zea mays I,) in some parts of South
Western Nigeria has raised the levels of soil phosphorous
but increased Lhe acidily level. Similarly, Lombin and
Chude (1988) aave explained that the use of acidifying
fertilisers such as  UREA causes more acidic condition in
savanna soils. The comparatively high phosphorous and
potassium level of the arableland observed in the present
study c¢an be linked to Lhe use of fertiliser (NPK).
Theorelical ideas on Lhe effects of chemical fertiliser
application on savanna soils (lleathcote, 1973; Lombin and
Chude, 1988) emphasize Lhat. the phosphorous and potassium
componenlts ol NPK fertiliser are nob easily lost from soils
when applied, compared to Lhe nitrogen component which is
ensily lost Lo lcaching, volalalisation or uptake by crops,

especially cereals. 7These means that effective
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application of NP'K fertiliser can help improve the status of
native phosphorous and polassium in a soil. llowever, since
soil fertiliLy is not dependent on these two elements alone,
il Lhen suggeslts Lhal the use of NPK ferbLiliser alone cannot
significantly improve Lhe ferbtility of soils of the area.

The impact of grazing on soil properties is somewhat
stratght forward. Grazing by livestock removes vegetation
cover, often ruthlessly and destruclLively, and may thus lead
to soil deterioration. In Zaria area, Obafemi (1991) has
for instance, observed thal tLhe soil under rangeland is more
sandy and higher in bulk density but is lower in nitrogen
than soils und r either loresLry or natural vegetalion.
Where animals arc concenlrated in a given area, Lhere is the
tendency that soil compaction will be accelerated because
the trampling effeclLs of livestock tend Lo destroy the soil
sLructure. This, perhaps, explains why the so0oil of Lhe
rangeland was found Lo have a higher bulk densiLy value tLhan
the soil of the arableland even tLhough a tractor is used in

plowing the arable plot.
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CHA P'l‘ﬁ'R SEVEN
SUMMARY AND CONCLUSIONI

7.1  Summary |

This study examined changes ip 80il f pertie
_fesulting fr;m Lhyer establishment or land uses and fallowing
in a part of Nigeria‘'y Semj—arid Savanna, The land uses |
which considerationg were  given fnclude. arabieland
rangeland, legume grass and natural vegetation., The fallow
blots studied are of 2,5,i0 and |5 years of age. The study
ares is the Kabomo basin of Katsina State, |

The resultis oblained jn.rmspecﬁ of the Iand yseg show
Ithat Lthe soils of all land_u:e.rtypes are more sand: than
s0il  of natyral vegetation; The particle 8ize fra.Lions
are, in Eeneral, significantly differentiafad over the land
uses either in botp or in one of phe Lwo s0jil layers. The
more sandy nature of Lhe various laﬁ& uses Lhan (he control
was  Lbloughl Lo bhe a4 reflection of loses of.:fine s0il
Particles, The ﬁore sandy texture of Lhe arableland Lhan
the rest of the plots has boen altribut~d ﬁo more persistent
soil.disturbancc by Lillage operations. The orgeulc matter
of the surface horizon varjeg between abos t 1.5% over the
natural vegetation and 0.9% over the arableland. The

differences amongst the land ugesg are significant so also
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most of the differences belween them. In the lower layer,
value for the legume grass is higher than that of the
rangeland but only the natural Vegegatiun shows
significanlly different value with the other land uses. The
comparalively higher organic maller content of the natural
vegelation than the different land uses has been attributed
to greater vegetation cover and soil fauna. The nitrogen
content shows a similar pattern with organic matter except
that the value for the legume grass is slightly higher than
that of the natural vegelabLion in the Lop layer. Available
phosphorous in Lhe topsoil is highest over arableland and
natural vegetation and lowest over Lhe legume grass. The
differences between and amongst the land uses are mostly
insignificant.

With the exceplion of potassium, the exchangeable bases
are significantly higher over Lhe natural vegetation than
the other land uses. The differences belween and amongst
the land uses are mostly significant. The comparatively
lower exchangeable base contents of the different land uses
has been thought to be a reflection of loses through
culbivalion or harveslLing. The potassium content is
comparalively higher over Lhe arableland than the remainder

plots. The differences in Lhe content of the element is
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significant amongst the different land uses bul the
differences belween Lhem are mostly not significant, The
comparalively high potassium content of the arable land than
the remaining land uses has been atbributed Lo the residual
effects of ferbilizer applicalion in raising Lhe polassium
level of a soil. The CEC shows the same patlern with
organic malter and c¢lay in that the value is highest over
the natural vegetabtion and Jlowest over the arableland while
values for the rangeland and legume grass are intermediate.

The pll is highest. over the natural vegetation but Lhe
values for the other land uses are approximaltely tLhe saume.
Both the differences amongsl and beltween Lhe land uses are
not significant. Base saturalion value.is highest over the
control and legume grass and lowest over the arableland
while value for Lhe rangeland is intermediate. The analysis
of wvariance resull revealed significant differences amongst
the land wuses in the surface horizon but Lhe t-tLesl result
indicated that only Lhe differences between the arableland
and each of the natural vegetation and legume grass are
significant.

The moislure content 1is highest over the control,
followed by the rangeland, then iLhe legume grass and least

over the arableland. The differences between and amongst



99
the wvarious land uses are mosLly significant. The
comparatively lower moisture value of the land uses than the
control was thoughl to be due Lo lower organic matter and
clay contents and the breaking-up of so0il structure by
cultivation, tillage and grazing.

The bulk density wvalue of Lhe so0ils in the surface
horizon is JlowesL over Lhe naltural vegetatLion and highest
over the rangeland while values for the arableland and
legume are aboul Lhe same. In the subsoil, however, the
property is higheslL over Lhe arableland and legume grass and
lowest. over natural vegetation. The differences 1in soil
bulk density are significant. amongsl{ the land uses by
analysis of variance in Lhe Lopsoil, The comparatively
higher bulk density value of Lhe rangeland at the topsoil
has been thought Lo be a refleclLion of trampling effects of
browsing JlivestLock while Lhe lower value for the natural
vegetation was said Lo be a reflection of higher biological
activities. Water stable aggregates greater than 0.50mm
show Lhe same pattern with organic matter in bolLh soil
layers with significant differences beltween most pairs of
land uses. The comparalively higher waler stable aggregate
value of the conbLrol tLhan the different land uses has been
attributed to grealer canopy and litter cover and of

biological activilties, and higher clay content.
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The results obtained alsoc show that there are general
inereases in Lhe coarsening of soil texture with increase in
the Jlength of fallow period. The analysis of variance
resul L shows Lhal wilh the exceptltion of Lhe silt fraclions,
all the particles sizes are significantly differentiated
amongst.  tLhe land uses in bolh or either of the Lwo soil
layers. The t-test result however indicated tLhat Lhe
differences belween the flallow periods are generally not
significant. The decrease in Lhe coarsening of soil textLure
with increase in the length of fallow period has been
attributed to Lhe roles of vegetation cover in reducing the
rates of removal of finer soil fractions.

Organic mal.ter, total nitrogen and available
phosphorous contents increase in value from the youngest Lo
old fallows. The analysis of wvariance resulls revealed
significant. differences amongst t(he fallow periods in the
top soil and Lhe L-Leslt resulls show that there are
generally no significant differences between most of tLhe
pairs of fallow periods. The increases in organic matter,
' nitrogen and available phosphorous contents with increase in

the length of fallow period has been attributed Lo increases

in vegetalion cover,
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The exchangeable bases show the same trend with the
organic matter. However, only magnesium and potassium show
significant difflferences amongst Lhe fallow periods in both
soil layers. The rest show significant differences only in
respecl of one horizon. The t-test resullts vary
considerably, but differences betbween most pairs of fallow
periods are not significant. These Lrends have been
attributed Lo Lhe greater release of Lhe base elements [rom
both organic and inorganic sources. The CEC of the soils
also show the same trend with the organic matter and the
differences amongstL the fallow age grades are highly
significant. The tL-Lesl results show thal the differences
between Lhe fallow age-grades are mostly not significant.

The P' also shows a general increase with increase in
the length of fallow period but the differences botLth between
and amongst Lhe different. fallow age-grades are notl
significant and all groups of soils are acidic. The
generally acidic nature of Lhe soils has been altributed to
the acidic nature of the underlying parent rock. The result
of the analysis of variance shows significant differences in
base salturation percentage amongst tLhe fallow age-grades in

the top soil bul Lhe L-Lest result indicated tLhat the
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differences between the fallow periods are mostly
insignificant. On the whole however, there is a general
increase in base saturalion wilLth inecrease in length of
fallow. ¥

In boLh soil layers, the soil moislure content increase
in value with increase in Lhe length of fallow period. The
differences amongst and between Lhe fallow age-grades are
mostly significant by the analysis of variance and tL-test
respeclively. The bulk density value on the other hand
shows a decrease with increase 1in the length of fallow
period. The resull of Lhe analysis of variance revealed no
significant difference amongst the age-grade fallows so
also that of Lhe L-testL belween pairs of fallow plots.

Waler stable aggregales greater than 0.50mm also shows
the same pattern with the organic matter. In both soil
layers, the differences belween and amongst the fallow age-
grades arec moslLly nol significant. The increases in clay
and organic matter, and ol canopy and litter covers have
been taken Lo be Lhe reasons for the observed increase in
waler stable aggregates with increase in the length of

fallow period.
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On the whole, tLhe natural vegetation cover shows
significantly higher sill and clay contents and lower sand
conlents Lhan Lhe respective fallow plots. Similarly, the
natural vegelation shows significantly higher organic
matter, total nitrogen, exchangeable cations and CEC than
the respective fallow periods. On the other hand, none of
the fallow plols show significantly different P! value and
base salturalion percentage than the natural vegetalion
exceplt the 2 years old fallow.

There are lower soil moislure content in the respective
fallow plots Lhan the natural vegetation and only the
subscil of 15 years old fallow shows insignificantly
different. wvalue from tLhe natural Ivegetation. The bulk
density value of the different fallow plots are higher than
that of tLhe conLrel in both soil layers. The water stable
aggregales grealer than 0.50 mm on Lhe other hand are higher
over the natural vegeltation than the respective fallows and
only the 2 and 5 years old fallows show significantly
different values from the control.

7.2 Conclusion And Recommendalions

Ift. i1s clear from this study Lhat the opening-up of

natural vegelalion cover and tLhe establishment of land uses

have lead to soil degradation. In this study, il appears
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that the magnitude of the degradation of the soil
properlies studied var?I clearly between Lhe diflfferent land
uses, wilh the arableland being the most degraded of all the
land uses considered, the annual dressing of the plot with
fertilizers not with-standing. This result particularly
calls for continuous mon;toring ol 20il conditions under
every land use tfpe S0 as ﬁo determine whether o} not such s
land use 18 jeopardising the potentials of Lhe soil.

The resull also suggesls that the use of chemnical
fertiliners alone. cann;L reverse the problem of soil
degradation iu the study area. In fact, based on the
observalion made 1n fespecL of the I'n level of the arable
plot, it may be concluded that the use of chemical
fertilizer on most sandy soils of low rainfall areas will
aggravate.the problem of soil degradation. Specifically, it
ig suggested here thal all available alternative measures of
soil ferLiJiLy maintenance, such as the use of manure,
compest or inlLercropping with leguminous specics should be
incorporated. One other practice that might help in
redﬁciﬁg the exlent of so0il degradation on the arable plot
is Lhat of crop residge retentlion on the so0il after harvest,
It is hoﬁcd Lhat retaining the plant residue on cultivated

fields can help off-scet the decline in organic matter level
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and return Lo the soil much of the nutrients taken up from
it by the crops.

Similarly, it is obvious from the results obtained here
that. short. fallows are less eflective than long fallows in
restoring soil fertLility in the area. Even at about the
15th fallow year, no significant changes in base elements
were observed. However, it is reasonable Lo assume that as
the high pressure of population on land intensifies, long
fallows will increasingly become a less prominent feature of
agriculture in not only the study area, but in Nigeria as a
whole. At the very best tLherefore, short fallows may be
accommodated. Therefore, in order Lo achieve maximum
benefits on so0oil regeneration f{rom suéh short fallows, it
will be necessary for man to seek for ways of improving the
restorative capacity of the short fallow. This 1is
especially so for soils of Nigeria’s marginally fragile
ecosyslems whose inherent restorative capacities are low.
The managemenl slLralegies currently being employed in soil
fertility maintenance including the introduction of planted
fallows e.g of leguminous or fast growing tree species and
the applicatbtion of manures or moderate use of fertilizers

to promote the growth of fallows should be vigorously

pursued.
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From the foregone analysis, it should be very clear
that to a very large extent, Lhe nature of soils would
determine the success or otherwise of any management
straLegy aimed at ensuring effeclive soil conservation. Any
attempt. Lo solve the problem of improving soil fertility or
of the efficacy of dry savanna fallows must therefore be
framed around given sets of soil conditions. For instance,
the search for suitLable plants to form stable fallow
association is likely to be more successful where it is
aimed at specific so0il Lypes within .given environmental
setLting.

It is being recommended here that the all-too-common
tendency to reduce Lhe problem of aéricultural productivity
of Nigeria'’s semi~arid savanna to a simple proposition, such
as the campaign for an intensive use of fertilizers or to
seck Lo administer wuniversal solutions, should be handled
with caution. Solutions or propositicns should be
adequately LestLed to detLermine whether or not they suit the
given sets of so0oil conditions in the region. There 1is
simply the need to always consider each soil group on its
own in order to discover those peculiar characteristics that

may affect the performance of crops or planted fallows on

it.
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APPENDI X E Details of the laboratory methods used

AI

Particle sizes

This was delLermined using pipette method. In this method,
the collected samples were air-dried and from each, 50g
sub-sample was tLaken which was then crushed gently in a
mortLar. Using a Zmm sieve, the gravel fractions were
removed from the crushed soil sample and from that a 25g
sub-sample was again taken. IL 1is this 25g sub-sample
that was used for the particle size analysis.

To ensure Lhat the various particle sizes are in separate
form, each of the 256g sub-sample was treated wilh sodium
hexametaphosphate (calgon) and left for some hours to
react completely with the soil samples. The suspension
was tLhen poured into a measuring 1000ml cylinder and some
distilled waler added to make it to 1000ml mark. This was
then stirred for 30 seconds to ensure proper and thorough
dispersion. il was then allowed to settle for 3 minutes
30 seconds. With the aid of a pipette, representative
fractions of clay and silt were taken at different depths
and Lime using stoke's law. The sucked mixtures were then
poured inbto an evaporaling dish and then ovendried at
1059C after which the weight of silt and clay fraction and
their percentages were delLermined as follows:

% silt (0.05~0.002mm) + % clay (<0.002)=

Wie x (000 x 100 = 40W2e x (00 =

25 We Wa
4000 W-e
wl
% clay = We ¢ 1000 x 100 = 00 Wwe
25 Wa W

% silt (X silt + X clay) -~ % clay

it
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Where:
W2e = welight of silt and clay
Wa = weight of air-dried sub-sample (25g)
W = weight of clay

The remaining suspension in Lhe measuring cylinders were
then carefully poured into an evaporating dish and then
ovendried, Using appropriale sieve, the fraction of sand
was Lhen separated into coarse and fine sand. The
fractions of each of the sub-fraction (coarse and fine
sand) was then eslimaled as follows:

% fine sand (0.50-0.05mm) = Wfs x 100
WI

% Coarse sand (2.00-0.50mm) = Wes x 100

Wa
Where:
Wfs = weight of fine sand
Wes = weight of coarse sand

B. Bulk Densily and moisture content (g/cm3)
The bulk density (BD) ring containing the collected soil
sample was weighed and Lthen oven-dried at 105% for 24
hours after which it was re-weighed. Bulk density value
was then delermine as follows:

BD(g/cmd3 ) = Weight of the Soil
Volume of the So0il
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Where:
Weight of the Soil (g) = Weight of the ring plus the
bulk sample after
ovendrying Minus weight of

Lthe ring

Volume of Lhe soil = Volume of the ring.
(cmd)
Volumetric water (moisture) content was determined as:

VWC = Ws1_— Wsz2_
Dw = Vsi

Where:
VWC = Volumetric water content (g/cm?)
Ws1 = weight of the soil before oven drying
Ws2 = weight of the soil after oven drying
Vsi1 = volume of the soil
DW = Density of the water in tLhe sample

Water Stable Aggregates (20.50 mm) (%)
To determine water stable aggregates greater than 0.50mm,

water slable aggregates were prepared by crushing a moist

condition bulk sample on a 8.00mm sieve. From then, an
air dried sub-sample of 50g was taken from the amount
reLtained on the sieve. The sub-sample was then spread

evenly over a 0,50mm sieve and Lhe sieve was then immersed
in waler for one minute. After that, Lhe sieve was raised
and lowered through 3cm at the rate of 30 times in 2

minutes Lo ensure Lhat all the aggregales which are less
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than 0.50mm were sieved. ‘Then, the proportion retained
on Lhe 0.50mm sieve was oven-dried and weighed. After
this, Lhe percentage ol water stLable aggregates (> 0.50mm)

was calculated using Lhe formula:

Wx x 10V
WSA (%) = Weight of the i
sub-sample (50g)

Where:

WSA Waler stLable aggregates

Wx

Weight of the retained soil
aggregates on 0.50mm sieve

D, Soil P¥ (1:2.5)

To determine soil P¥, 20g of air-dried soil sample was
taken in a 50ml beaker teo which 20ml éf distilled water was
added. The suspension was Lhen slirred several times for 30
minutes wilth a glass rod after which it was allowed Lo stand
for 30 minutes in order Lo allow most of the suspended clay to
settle down. Electrodes of P8¢ meter were then inserted into
the partly setlled suspension and the P¥" was Lhen measured.
While taking the measurement, the suspension was nol stirred
and Lhe eleclrodes were nol allowed to touch the bottom of the

beaker, Lo avoid errors in measurement.
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Soil Organic Matler (%)
This was delermined using Walkey - Black digestion method.
A representative sample was taken, grinded and passed
through a 0.50mm sieve. 10g sub-sample was then taken in a
250ml conical flask and 10ml of Potassium dichromate (K2
Cr207) solution was then pipetted accurately into 200ml
and 500ml conical flasks and swirled gently to disperse
the soil. Then 20ml concentrated sulphuric acid was
rapidly added from a measuring cylinder. 'The flasks were
then immediately swirled gently until the soil and the
reagents were mixed., Nexl, the mixtures were swirled more
vigorously for one minute. Each flask was then rotated
gently again and then allowed Lo stand on a sheet of
asbestos for 30 minutes with a view to cooling the
mixture.
Then, 100ml of distilled water was added after the cooling
and then Lhe mixture was allowed to cool again. Following
Lhis, four drops of indicator were added onto the mixture
and Litrated with 0.5N ferrous sulphate (FeS04) solution
on a white background. After Lhis was done, a blank
determination was then made in the same way but without
the soil with a view Lo standardising the dichromate. The

percent carbon (PC) was then calculated using the formula:
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—
=

PC =Blank Litre - actual titre x 0.3 x m x f x 100
Weight of air - dried soil used

Where:
e = percent carbon
¥ = correction factor 1.33
m = concentration of FeS04

Organic matter (%) was then calculated wusing the
formula

= % carbon x 1.729

K Cation Exchange Capacity (CEC) (Me/100g)
The CEC was determined using ammonium acetate extraclLion
method. 10g of air-dried 2mm sieved soil sample was
weighed into a 500ml Erlenmeyer flask and 40ml of neutral
IN ammonium acelale (NH4OAC) was added, The flask was
then shaken thoroughly and allowed to stand over night.
The soil was Lhen filtered with light sunction using a
55mm buckner funnel. Then the soil was leached with Lhe
neutral IN NH40OAC reagent. unlil no evidence for calcium
can be oblLained in Lhe affluent solution. The leacheate
was Lhen preserved for the delermination of exchangeable

bases.
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NexlL, the so0il was again leached four times with 250ml
ceach of IN ammonium chloride {NH4CL)} and once with 250ml
of 0.25N NH4cl. The electrolyte was then washed oult with
200ml of 99 N ethyl Alcohol. When Lhe chloride in the
leachate (which was tested using 0,10 N Silver nitrate)
became negligible, the soil was allowed Lo drain
Lthoroughly.

The soil was Lhen Lransferred and filtered into 50ml
Kjeldahl flask and 250mi of distilled water was added.
Then, few drops of 1liquid paraffin, pumice beads (to
prevent. fuming and bumping) and 10ml of IN sodium
hydroxide were added. About 60ml of Lhe solution was Lhen
distilled into 50ml of 2% boric acid solution which was
measured intoe a 250ml Erlenmeyer flask, 10 drops of
bromocresol green-methyl-red mixed indicator were added
and ammonium borate was Litrated which was produced with
standard 0.02 N sulphuric acid solution. Following this,
blanks were run on Lhe reagents and the tilLre resullts was
corrected with the blank result. The CEC in me/100g of
soil was then calculated using Lhe formula.

CEC (me/100g) = (T~B) x N x 100
W




Where:
N = Normalily of Lhe acid used
W = Weight of the sub-sample
T = Titre volume of Lhe acid used in titration
B = Blank titre Volume used.

G. Total Nitrogen (%)

This was debLermined using regular macro Kjeldahl method.
To do this, 20g of soil was weighed into Kjeldahl f{lask and
20ml of distilled water was added and the flask was swirled for
5 minutes and allowed to stand for 30 winutes. Then 3g of
catalyst and 20ml of concentrated sulphuric acid (Hz2S04) were
added. The mixtLure was Lhen conLinuously healed slowly unlil
the water was removed and frothing has ceased. The mixture was
then boiled for 5 hours during which the heat was regulated so
that the HzS04 condensed hall way up tLhe neck of the flask,
The flask was Lhen allowed to cool. The digest was carefully
transferred into another clean flask. The sand particles were
retained in the original digestion so as to prevent the
particles from causing bumping during distillation,

Next, Lhe sand residue was washed with 50ml of distillied
water for aboul four Limes and made Lo mark with distilled

water, 10ml of boric acid solulion was then added into a 500ml
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Erlenmeyer flask which was then placed under the condenser of
Lthe distillation apparalus with the end of the condenser placed
4cm above the surface of the boric acid solution. 10ml of 4%
sodium hydroxide (Naoll) was slowly added intoe 10ml of the
digest which was attached to the distillation apparatus. The
mixture was then heated until it boiled.

Sufficient water was allowed to flow through the condenser
to allow il. Lo cool (Lo below 30vc). When about 50% of the
distillate was collected, Lhe distillation was stopped.
Ammonia, which was liberated from the Hz2S04, was titrated and 3
drops of indicator was added until the color changed from green
to pink. A blank determination was Lhen run without the soil
sample. The percent Nitrogen (PN) was then calculated using
the formula:

PN = 0.014 x N x 100 x TV
Weight of soil uses x AD

Where:
P'N = Percenl Nilrogen
v = Volume of digest
N = Normality of acid
TV = Titre value

AD = Aliquot of digest
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H. Exchangeable bases (me/100g)

The leachate which has been preserved during the CEC
determination was used Lo determine the exchangeable bases
(namely calcium, magnesium, polLassium and gsodium). Standard
readings were used for different concentrations of each cation
to plolL a graph of adsorbance Vs concentration (ppm) of each
base. Calcium and magnesium were determined using atomic
absorption spectro-photometer while potassium and sodium were
determined using flame emission method. The me/100g of each

base was then calculated using the formula:

Me/100g = I'’m_graph x VE x DF x 100
1000 x W x Equivalent weight of the element
Where:
VE = Volume of exlractant
DF = Dilution factor
W = Weight of soil sample used

1 Available Phosphorous (PPam)

This was determined using Bray No I method. To do this,
ig of air-dried soil was weighed into a 15ml centrifuge tube
and Tml of exlLracling solution was added and the mixture was
shaken for | minute on a mechanical shaker. The suspension was

then centrifuged at 2,000 rounds per minute for 15 minutes and
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was then decanted into an acid washed volumetric fiask. The
phosphorous in the extract was Lhen determined using ascorbic
molybdate blue melLhod., This was done by pipetlLing 3ml of the
soil extract into a Z5ml volumelric flask and about 10ml of
distilled water was then added to it.

Next, a Adwml ol 0.5N hydrochloric acid was added and the
mixture was Lhen allowed Lo sLand for 15 minutes for the color
Lo develop. The I’ contenl was Lhen debtermined in the extract
on a speclLrophotomeler using spectronic 70,50,20 at 882 muo by
percent tLransmittance. A sel of standard P solutions
containing 0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ppm respectively
were prepared and used for blank determination to aid in

reading off the ppm of P for the soil solution prepared.

b Base Saturation (%)

This was derived Lhrough the addition of the exchangeable
cation values delermined which was then divided by the CEC

value and multiplied by 100,
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Appendix (1: Mean and standard deviation values of the soil
PPropertics under the different land uses.

i
Soil Soil Control Range | Arable | Legume
Property depth land land Grass
Top Mean 51.3 60.6 71.6 65.2
Total Sand Std.Dev. 30.9 39.8 23.2 5.1
(z) Sub Mean 36.4 50.3 64.9 418.9
Std.bev. 12.3 9.6 37.2 7.3
Top Mean 18.8 21.1 25.7 23.1
Coarse Sand Std. Dev 3.4 P 10.2 5.8
(%) Sub Mean 13.5 155 22.6 20.4
Std.bev, 7.4 11.6 4.5 1.8
Top Mean 33.5 39.5 45.9 42.2
Fine Sand Std.Dev, 20.6 H.2 23.9 2.1
(%) Sub Mean 22.9 31.9 42.3 28.5
Std.bev. 8.3 15.8 19.8 2.7
Top Mean 26.7 20.4 16.0 18.8
Silt Std.Dev, 7.9 2.2 9.2 J.2
(%) Sub Mean 24.6 i17.2 14.0 16.6
Std.bev. 1.8 8.0 6.2 2.3
Top Mean 21.0 19.0 12.4 16,0
Clay Std.Dev. 15.3 5.1 7.2 T2
(%) Sub Mean 39.0 35.4 21.1 34.5
Std.Dev. 16.4 102 9.4 5.8
Top Mean 1.44 1.32 0.86 1.18
Org. Mattier Std.Dev, 0.56 0.62 0.40 0.57
(z) Sub Mean 0.82 0.63 0.52 0.70
Std.Dev. 0.39 .45 0.36 0.10
Top Mean 0.28 0.18 0.13 0.29
Total Nit. Std.Dbev. 0.20 0.10 0.10 0.17
(%) Sub Mean 0.12 0.08 0.06 0.10
Std.Dev. 0.06 0.05 0.01 0.08
Top Mean 4.74 41.31 4.60 3.43
Avai.Phos. Std. Dev, 1.04 1.70 2.55 1.33
(PPm) Sub Mean 3.24 2.50 2.01 2.32
Std.bhev. 0.73 1.18 0.73 1:95
Top Mean 5.31 4.24 2.80 4.08
Exch. cal Std.Dev. 1.32 LoD 1.45 1.57
{(Me/100g) Sub Mean 3.32 2.76 2.43 2.61
Std.Dev. Z2.01 1.61 0.77 0.50
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APPENDIX 11 (Contd.)

soil Soil Control | Range | Arable| Legume
'roperty bepth land land grass
Top Mean 0.86 0.60 0.24 0.45
Exch,Mag. Std.bev | 0.37 0.37 0.10 0.26
(Me. /100g) Sub Mean 0.62 0.48 0.18 0.32
Std.Dev .44 0.35 0.14 0.10
Top Mean 06 0.43 0.52 0.39
Exch. Potas, Std.bev 0.20 0.28 0.24 0.14
{(Me/100g) Sub Mean 0.10 0.33 0.27 0.36
Std.Dbey | 0.14 0.10 0.10 0.16
Top Mean 0.27 0.28 0.20 0.22
Exch. Sodium Std.Dev; 0.14 0.14 0.10 0.14
(Me/ 100E ) Sub Mean 0.24 0.23 0.16 0.18
Sid.bev | 0.09 0.14 0. 10 0.10
Top Mean 6.4 6.0G7 5.01 5.62
CEC Std.bey | 3.87 2.67 2.21 2.92
(Me/100g) Suby Menn .60 5.10 4,34 4.61
Std. Dev 1.29 Z.16 2. 12 1.08
Top Mean 6.11 5.94 5.70 5.91
P (1:2.5) Std. Dev 0.33 0.76 0.74 0. 35
Sub Mean 5.60 §5.29 5.35 5.31
Std.bev | 0.6Y9 0.62 0.45 0.16
Top Mean #9.30 B87.13 | 75.05 | 91.30
Base Sat. (%) Std.Dev | 18.34 17.66 8.41 | 24.76
Sub Mcan #1.79 74.51 70.05 | 75.27
Std.Dev | 13.94 26.20 | 13.20 | 18.83
Top Mean 0.51 0.40 0.22 0.31
Moist,.Cont. Std.bev | 0.14 0.09 0.10 0.14
fg/cmd) Sub Mean 0.62 0.49 0.31 0.47
Std.bev | 0.09 0.08 0.15 0.18
Top Mean 1.19 ).38 1.34 1.30
Bulk DensiLy Std.Dev| 0.08 0.22 0.30 0.51]
(g/cm3) Sub Mean 1.39 1.48 1.58 1.55
Sted.Dev 0.10 0.34 0.14 0.39
Top Mcan 52.81 37.90 | 30.20 | 33.70
Wat.Sta.Aggr Std.bev | 13.68 15.31 18.15 4.06
(%) Sub Mean 45,50 43.72 | 37.80 | 41.00
Std.bev | 27,93 24.96 17.41 17.84

Top/Sub

= refers to 0-15 e¢m/ 20-30 cm Soil depth
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properties under the Fallows of varying ages.

values of the Soil

[ ]
Soil Sorl 2 YEARS 5 YEAKS 10 15
Property depth FALLOW FALLOW YEARS YEARS
FALLOW | FALLOW
Top Mean 6l.6 59.0 56.4 53.1
Total Sand Std.bev, 25.7 9.7 16.6 20.1
(%) Sub Mean Hz2.3 49.17 43.8 41.7
Std.bev. 1158 11.0 25.2 9.8
Top Mean 21.0 19.6 18.8 19.0
Coarse Sand Std.bev 5.8 9.2 5.5 6.8
(%) Sub Mean 16.5 15.2 17:7 13.2
Std. bev. 5.9 6.3 7.8 3.7
Top Mean 42. 1 34.4 38.4 36. 1
Fine Sand Std.Dev. 29.7 121 Y 8.8
(%) Sub Mean 35.8 34.5 30.1 28.5
Std.bev. 12.9 10.6 9.0 12.0
Top Mean 22.2 24.0 22.4 25.4
Silt (%) Std.bev, 8.0 10.1 1.1 10.1
Sub Mean 19.0 20.5 23.7 22.5
Std.Dev. 7.7 9.3 8.0 5.43
Top Mean 14.7 17.0 21.4 19.5
Clay (%) Std.bev. 9.7 9.4 1.7 5.5
Sub Mcan 28.17 29.8 32.5 35.8
Std.Dbev. 6.4 11.2 2.2 11.4
Top Mean 0.94 1.13 1.42 1.44
Org. Matter Std.bev. 0,32 0.67 0.71 0.30
{(z) Sub Mean 0.49 0.56 0.62 0.76
Std.Dev. 0.20 0.24 0.26 0.17
Top Mean 0.14 0.15 0.19 0.25
Total Nitr. Std.Dev. 0.10 0.10 0.10 0.14
(%) Sub Mean 0.06 0.08 0.09 0.11
Std.bev. 0.04 0.04 0.03 0.07
Top Mean 3.20 3.32 3.85 4.50
Avai. Phosp Std.Dev. 1.31 1.06 1.46 0.62
(PPm) Sub Mean 2.06 1.30 2.86 3.23
Std.Dev. 0.53 0.24 0.37 1.82
Top Mean 3.21 3.20 4.34 4.50
Std.Dev. 0.67 2.05 1.33 1.48
Exch. cal Sub Mean 2.01 2.30 2.81 3.50
(Me/100g) Std. Dev. }:74 0.28 1.11 2.75
Top Mean 0.55 0.57 0.60 0.71
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APPENDIX 111: (Conld)

Soil Soil Z YEARS | b YEARS 10 18

Property Depth FALLOW | FALLOW | YEARS | YEARS
FALLOW | FALLOW

Exch. Mag. Std.Dev| 0.33 0. 14 0.32 0.37
(me/100g) Sub Mean 0.34 0.33 0.40 0.45
Std.Dev | 0,17 0.22 0.28 0.10
Top Mean 0.32 0.35 0.46 0.45
Exch. Polass Std.Dev 0.20 0.22 0.20 0.28
(Me/1007) Sub Mcan 0.23 0.18 0.21 0.25
Std.bev | 0.14 0.14 0.17 0.12
Top Mean 0.19 0.24 0.25 0.26
Exch., Sodium Std. bev 0.14 0.117 0.10 0.07
(Me/100) Sub Mean 0. 15 0.22 0.20 0.23
Std.Dev| 0.10 0.17 0.14 0.10
Top Mean 5.24 5.42 6.42 6.74
CEC Std. Dev 1.67 1.44 1.16 2.14
(Me/100g) Sub Mean 3.52 3.82 41.53 5.40
Std.bev 1.84 0.56 1.53 0.58
Top Mean 5.86 5.89 6.00 6.06
M (1:2.5) Std.Dev | 0.56 0.55 0.77 0.94
Sub Mean 5.25 5.40 5.67 5.62
Std.Dev | 0.39 .45 i.00 1.15
Top Mean 80.15 #6.44 90.54 | 87.83
Base Sal.(z) Std.Dev | 16,19 15.56 J.53 | 14.24
Sub Mean .76 79.32 79.91 | 82.04
Std.Dev | 17.47 6.71 14.50 8.27
Top Mean 0.27 0.31 0.35 0.48
Mois. Conl. Std. Dev 0.03 0.04 0.05 0.10
(g/cm3) Sub Mean 0.34 0.41 0.45 0.54
Std.bev | 0.12 0.07 0.13 0.18
Top Mean 1.34 1.30 1.26 1.24
Pulk Density Sted Doy 0.0 .40 | 0n.22 0.17
(¢r/em®) | Suh | Moan 1.66 1.59 1.42 1.38
Std.Dev | 0.26 0.24 0.32 0.35
Top Mean 34.32 40.62 50.20 | 56.30
WaL.SLa.Agg Std.Dev | 23.28 15.90 16.80 4.75
(%) Sub Mean 10.53 42.03 42.34 | 14.60
Std.Dev | 18.45 18.83 19.19 9.13

Top/Sub =.;}f6;;"£;-0—15/20—30 cm Soil depth.



