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ABSTRACT
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INTRODUCTION -

‘The Nigerian Guinea Savanna zone 15 charcterized h.r hugh ru1j||||||'| intensily, vanahlily .:_nrl ril!.l'l-f.‘T!.illlll}'. A.
considerable proportion of (e rains pre assoiiited 'A'Illh high mtensity which [m.luv:-m.l y resull in :I|'||,'||.'-|:.'1.1!'ur wiil
compation, reduced infiitration capacily, soil erosion and a reasonable amount of runoff, paticularly in the
ive demimil I8 yuie bigh too. The soils possess poie structural stohility ond
rainfall iy inadequate (1,000 - 1,300 mm annually) this zoae, the
anil the propoetion that remasns ihe rool zene fur the plants 1o
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i e Lo the process of
wed i evaluung the nfiliration characterishes of the sl ||]1||1r|||||."l1.l;.1hr wr.l:“ Tll‘icr.,nmwa the wmoi|
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eninms, Where (e gate of infiliralion 15 Liminng, the eoure '-i:““m 0 soil physical properoes andd srwde ol
beaffected Theretore, knowledge of the infilratian p“r:ﬁ:-::n:l The praiice of ppeasioral shtlie cultvation
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106 Infiltration Tates of soils

intercepling rainidrop {mpact to prevent crust formation s a mare effective practice Tor Increasing infiltration
than cultivation to break up surfoce crust. Ohu and Folorunsa { 1989} demonsirated that the use ‘ﬂf vehicular .
traffic during secdbed preparation for erop production m loose sandy <oils of North-eastern Nigena resulted in
higher soil bulk density and penctration tesistance wiih increase in the number of tractor passes. The hazardous
eflects of erusion following wrrentinl ranfall of appheation of irmgatinn waler i large volumes and the amount
of runoff which fornis ever the soil are a funcrion of the infiliraton Fate af the sail. Ergsion 1'!"“.1" Lo the remival
of sonl material and a comseguent decline m the nutnent-holding capacity of soils which results in declining crop
yields or the necessily for increased yaputs 10 ordet [0 maingain yields (Boardman #f al, 1990 )

Considering the problems of soil compation, erosian, runoff and moisture stress ansing from cultivation
practices und the climatic conditans prevalent in the Guined Savanna £0nc. it s essential o kniow the rate at
which water will move into sorls under 3 wide ranpe of conditinns. I is the infiltratiom '-'-ll"ﬂ'-"'l}'r '-’“!’"f -“H'|.lh=l-t
delermines the rate at which water can be applied 1o the surface without runeff. In the Nigenan Guinea
Savanna, ellors are being directed towards water managemient and conservation actisities such as armigation and
conteol of Mool and eromion. Mote information 15 therefore, needed as It perlains (o stuches on the water intake
charactenstics and related physical properties of soily i vanms locutions uf the zone The present wirk 14
based on the assessment and evaluation of the infiliration charactensiics and the assocluted physical properties
of soils of the Minng envieomment.  The objective of this study s o evaluate the influence of two land
managenent practices and some sorl physical properties on mfiltration Fate.

MATERIALS AND METHODS i

The rescarch woik was dore at two locatons (Gidan-Kwano and Shintako villages) wahin the Minna
environmient in Niger Siate of Nigeria. According o the classification of Kacy (19591, Laurie { 19743, Onichie
(1977} und Sanford and Isicher (1980), Minnt 1s found in the Southern Guinea Savaniia zone of Nigeria. It
situated berween Intitudes 6 (K ami T° O North and langitudes 4 307 and ad Fast, The topography is
shightly flat (e unduluting, The soils at the sbes are developed fram precambium Wanerment Comples und are
mostly sandy  The Gidan-Kowano and Shantako seils are classified 25 Plinthustall and Palewsialf respectively
(B, 20000, The vepetation (s manly Sivanna grassland with scartered frees and shrubs. The physicochemical
properties of the sals urler study are show in Tahle L

The expenmental design employed was the randomized complete Block design with four rephcations, wo
tpeatments {Fallow soil amd cultivaied soil (e landuse practice), and two experimental sites as histed above, The
Pl size was 257 (e, 5 0 S The Jve-yeat fullow suils a1 both stes were divaded into two maan plats. One
of the plots wae belt fullow oomtrol plots while the secnnd plot ving directly opposite was cropped et one
year W sellow mauze [TER-T) o the flat The cultwated plots were tlled manually, The miln plots were
further divided intir lour sufplons 0 serve @s rrplicples

Sinteen suil sarnples weie coltected with 1 soil aiges a1 each of the two depths, 0 - 20cm aned 20— $kem, und
bulked for ph}'au_mlll'r:'-':n.‘.ll i weas folionwang shanlerd labwratory procedures (1TTA, 1979 Four umdisturked
core samples were alsu cullegied fronm wadhoplet al the sl surfuce with the wid of a bullk density '_-.|.1|1|-p||.'r. hiving
cote nnps. for delenminanons whwh inciuded vnlumetie mursture contenl, bulk densay and  porowly.
Infiltration rale measarements were tben o all me elots under fallow and the cultivated plots Tvimg opposite,
wsing 4 doublesong infilirometer 2l the two sites under study as recommended by Ahuja er ol (197600 and
Michael 119921 Volumetric maisture content, bulk density, porosity and infilsation rates were determined
befure sail cultivation, () week) and subsegquently al intervals of 4,8 aml 12 weeks,

Ihe dats collected were subjecteld to stalistical analyss such s analysis of Varnunce (ANOVA) and
Duncan’s Multiple Range Test (DMRT) i onder 1 determmme the significam difference hetween means, Also,
correlation analysis was carried oul

RESULTS AND DISCUSSION

Table 1 shuws the sol physical and chemiea) properties of bulked sub-samples of the 0 - 20cm and 20 -
dlcm depths at the 1wo experimental stes. The bulk density values ar the two depths in bath sies did not vary
considerahly, The values range from L6R 1o 1.72gem . The results of the soil analysis indicated that the clay
comtent at the two depths was observeil o be higher in the soils a0 Giilun-Kwana, while the Shintako soils had
higher values of percent sand. This accounis for the clayey and sandy textures of the Gidan-Kwano and
Shintako soils respectively, Mo doubt, the textural characteristies of a soil would have @ senous bhearing on the
rute of water entry inbo its surbice,

Tables 2 to T indicate (bt in the current study, no trend was observed with respect to change or variation i
uny of the physical parameters tested (bulk density, purosity, volumetric moisture content and infiliration rate)
aver time for both fallow and cultivited soils m the 2 sites. This 15 an indication that it s not snly the lenath o
time over which a given soil is bemg subjected 1o o parucular land use practice that alfects its I"h;‘i":'ﬂ
properties but alsa, the level or intemsity of the Lind management practice poey g long way to influence the
physical properties of the sail appreciably, The Increases and decreases in the values observed in relation to Gme
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g from spy 1 L
pilal varability, Also, the varialion in water content

M Cndan- K wanao and Shirtako Sites

50l Properties

."_-':.n:ll Ilu:plh. om Gldan-Kwann it -
PH U2 i Water T, oLl Shintako Slie
PHLLS) in LDIM Cacy, 6.8 -'L:- ;Iu [T 20— 4t
Eulk1 Density, gem’ 644 4 ?u ?tﬂ 6 KS
Band, S - ¥ 053
Silt, % R 1 68 69 P
Clay. % el 68 02 g1az g1.02
: ay. 'r 6. TH 6,78 3 ;’5 \ .'."3-
Textural Class 17700 25 3)) l-iii‘u 1530
Organic Carbon, gkg'' Soil Sandy loam  Sandy clay loam  Loamy sand | oumy sand
Organic Maner, ghy ' Soi) 1770 900 1390 1%490
Total N, ghg * Soil .50 15.50 2400 260
:'Fl.._]l|.l|."‘|: I, rngLii_r i Sonl (.80 120 | 40 11
Exchangeahle Na', emalshg ' Soil 733 753 803 963
Lxchangeahle I"- cmoloke ' Soil 0.54 53 .54 .59
Exchangeuble Ca™. cmualskg ! Soil 0.14 (17 0,14 0.15
Exchangeable Mg cmolskg ' Soil 3 ans 176 1.52
Exchangeable Acadiy (H" + Al™), 1.58 508 2Ry Jiod
i:r:|1|'l]‘~k_l-_‘ I Sl L&D \
C.EC.. cmolskg " Sail g 120 g0 &0
Rase saturaton, ﬁ 0% 39;:; %){q _':"HUI
[ B FL N T !

Contrary to the finding of Marshall and Holmes
significant difference between the blk demsity of the sl
under study (1" = y
cause considerable disturbance
appreciable ditterence between the bulk
rise 10 a temporary loaseniig, and hence,

and compaction of e sur [ace sl
density of the 1wo il

Tahle 2; Bulk Density, pem’ ' of Cultivated and Fallow Suils at Cindan-

(.051 This could be attributed 1o the Lact thit the mmpact of ullage was
whic i would have atherwise culminated in an

Mot cultivation practices ane known @ give

a docrease in soil bulk density m (he cult

19881, resulis i Tahles 2 show that there was m
under Fallow and the culuvated one m the twn siles

aot severe enough 1o
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108 Infiltration roves of soils

Table 3: Total-Porosity, %, of Cultivated and Fallow Sails ot Gidan-Kwano and Shintako Sites.

Uldan- Kwano Sie Shinako Sie

Belore 4 4 12 Before 4 b 12 )
Land Mean _
Uzp Cultvation WAC WAC WAC uluvation  WAS  WAC  WaC Mean
Culivated 3724 474 400a s007 99T ap09 308 T OINI9 36
Fallow 3508 4261 M7s Moy AT 3em 371 3496 3608 353y
Mean 36.16" 4218 3539" 00" 36,48 1530 MR 3661
Landuse x weeks mteraction (F > 0.05) = NS = NS

Tahle 4: Macro-Poresity, %, of Caltivated and Fullow Soils ot Gidan-kwuno andShintake Sites

Chdum-Kwano Sie Shantukao Site
Hifore 4 K 12 Relore F H 12
Land Mean
Use Cultivation WAC WAC WAC Cultivation WAC WAC WAC Mean
Cultivaled
Fallow 2.57 905 701 sy B0 5gy 731 600 1138 689
Mean 187 R16 533 637 SB0" a3g 663 764 UST 664
272 RO 647" 5a8" 251" 697 682" 04T
Landuse x weeks interaction (P > 0.05) = NS NS

Note: Data on the same row or column carmying the same superseript differ insignificantly from each
other (PF=1015)

WA Weeks after Cultivation

Tahle 8 Micro-Porosity, %, of Cultvated and Fallow Seals a1 Gidan-Ka ane and Shintako Sites

Chidan-lowano Sir

Shintako Site
Beture < i 11 Before 4 # 12
Land Mean
Use Cultivation WAC WAGC WAL Culuvation WAC WAC WAC Mean
Cultivated
Fallow 3467 3269 2293 3563 3398° 4345 2799 2872 2581  29.40"
Mean 322 a6 WO dues 31560 3y o) 2708 273 2681 2870
33.44° 3357 N9 3314 367" B4 WP 616
Land use x weeks interacnon (P > 005 = NS =45 -

The absence of significant dilference i volumetric moisiure conten, (T

) . i , able &) berw i 1
soily observed in the Gidan-K wann site could be due 1 the clayey nature of the sop] of T;::ln afi;:-l:h:-.u;:ﬂd'tz!“:lfz
Ll H ‘mch mndwg J

likely greater proportivn ol micro-paores whicl are muntly water filled, wilh e e o
effect of cultiviuon. Also, the volumelne moistore content of ihe cultivated so| “'.-.i“ i "v'g If-ih:- -f-'l'l _?I:!!l g

higher than that of the fallow soil i the Shintako sie (P > 11.05) Thas observar 'r:l mt:nl [m : “pﬂF h:m|z
roughness of the sorfuce of the cullivated soil, which could have comsiderakl .I : i r“uhh ey “f
waler from the sl suaface. 1 should be noted th ¥ reduced the rate of evaporation o

At the miIcro- Ur"si.[\- Ve | me Culliva ﬂd S0El W

I . I ; ‘aloe ol the su ivi il w

[UU“IJ lin e numerica Il}' |'||'E1'| r than that '-If the -I'“] Utllh: 3"““’ i-‘l”l['l'l.l&"l"l I[ IHI I“ ' l!
Ll 1 ¥ I [ Ty tk & 1.||I|I‘ Chue Wiks My .‘¥|'.1tl'il'|l.'-u'|“f

sigmificant. Brady (1984) and Michael (01992) reported 1hat micrp. Pores are mostly filled wih water under

normal Geld condinion. Hence, it is nol sy |-|'|'|-"l [ that the Cl.lllll'u..]l S0 b volumelnc
{ fd ; ||-||| I'I- iide i i
o - id considera ]}' h.l.ﬂl:ll:l.‘ L
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— -.{.'llcuhi_u
ated gy
— .'J"'IJI .
OW Sl 4 Gicdun - Kwano and Shiniak
mlakio Sites
12
fand Cultivanon ' I
WAC Before ko Slc
Usa Wac wﬁ-[; Mean 4 P ¥
Cultivated  27.12 |Nm WAC WAC WAC Mean
i SRR 3
Fallow Edﬂﬁ_ 14.9¢ ::-31 154 2135
Mean 25,58 1469t 5.0, 26 2200 270 16
Tand use % weeks imternen - 20.74° 30 gt 14.52 300166 1727 1744
CTon (f b-ll{l"l]—uug 8 13 ag® 1531 192 1556 1604
== - |5]’1" 48 .Ib-'r :
al 41

Datn on the same row of colurmp o
=M%

a'”!I-”:IE thﬂ-
i STk sUperering d:
PETSCTIpL differ msignificantiv from h
2 e

The results shown i Tyhe 7 ey,

values than the soils under fallow l::':l';hﬂl " oll e e
1:-.1-r51_l"-'|.¢lcd theny and reduced the [ .”5'- Culuvating my r:l .mm had significantly lower infilteation rate
Corpcied e and e ““-ﬁ.mm uf e “i.;hmj: destroved (e glanular natute of the snils,
Ahmed and Duru (1985 in Sy ,:_T'J" unihisturbisd sqts with .m:l :lllwn:quwt Al e
decaying routs. The increased nlic;u_J,Tt_'"hulf‘I’ tis Niniling 10 ;1.1:::;‘“?.?“““ sty penimang an
jnfilravon rites than those of (he r-ﬂllnlm"} o the cultivaied sails L'U“JFIJ T.”h“mm o e i e
ANOw sls m line wilh the firtingy t-IEIL[‘lT'||:!E;'r?iz:‘;f:“;:'b'lrhhIr !hrdlr:.u:ﬂ
s of Al ., Prilchen and Fisher

1947, and Boardman er al,, (1990
Generally. infiltraton rates of both culyy ate
8 - : vated dind fullvw
|'|l1-|'|t1‘ than those ol (_ul_dtln-humm stle i thas spudy ThL”IN s ”.!r S i
sindy ||.!'l.|.|.§:|'“¢ of th! soils in the Shintako site s ) 'uq:.lh L i e SHBEAE
content. Inlilrmnen rate has been foum o be o vniscsis i e UM RS
e arke (19G8), Babufi (1962) i Rabuloly | 1968) aep s o Wamy send i Op choy Joom o repored by
comtinuous aeralion POTEs 10 coars - vl (1980 attrshuted this rend (o the very high praportion of large and
swell upon hizdration, thereb 'EL",L."‘“"M soils, and the tendency of collidal particles i fine-wxtured salls 1
suel] p;m _“:.“ E.L ereby. reducing the crossssectional arew availuble for flow . [ure-sizes may be reduced
Wi C eyuent rsneton i waler mevenient and miliraton hecase the parlicles in fine-1eatue sonls tend

However, consequent upon the Tact that the sl tend o he putuin with muore
buji, 19423, Brady (1984), Spemrs anil

and Michael (1992 reparted
imta and tough the ol
shility, €ither at the

1o adhere and pack closely
conducting pores. milration is ehiiced i coarse-testured sails |Ba
Froat (1985) Prochett and Fisher (19871, Barshall and Holmes | IF8EY,
independent] s that any impedance to waler movement isuch as high clay contenl)
profile adversely aifocts ats infiltration rate.  Thus, the soil layer will the lowest permes

crface or beneath it, usunlly determines the mfiltration rate
1 Giadiin-Kwuno amd Shimtoko Sies

[ Cultivited and Fitllow Soils a

Tahle 7: Infiltration Rate, cinhr Lo

Shimaka Site
‘dan-Kwano Sie
il ] 12 Betoe 1 H 12
_' £
Refore Meit
AC WAC Cultivatim WAC  WAG WwaD  Mean
Land USE Cu“nd%
1513 1390 1741 2450
75 RS0 g 3. s5s 336 2250 138
£ a7 i 16 e 4 08 ‘.l'.‘;‘h ll}'l-h oy 39 63" 995"
Culisvated hE Y p 16.70 | 006" 303 . ¢
Fallow .81 1375, 1387 —
M 514 [1. 77
Teun pon i = T | dlﬁglﬂﬂ"“"""’“‘“"’ from cach

Landuse x weeks ingerac

Data on the same FoW or
other (P=0.03).

jeHn
WAC: Weeks after &

Cultival
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Ho Infiftration rates of salls

Table & shows correlntion cocfficients ussociating some soil p'l}yur.ul Fmrtlalﬁ}:}“:l:l“i:tr:l"m: rate. Resy)yg
indicale thul toLal-porosity correlated slgnificantly with infilration rote (1 = e I.II.I:E . I.hn rl"':"" ¥ This resul
in which infiltration rate decreased with an increase in wial-poroaty i be o ML A that the togg).
porasity was dominated by micro-pores, This could be trut because. %‘?E.Tﬂ;*-;:-‘:f'-;f‘:m’:‘lﬁ """-":l ohserved to
be poorly corelared with infiltration rate (r = -D.05). micro-porosity Was nj" " tr':'llﬁ.-l wanlly correlated
with It (r = -0.467), but inversely. This is expeoted, since TICO-POrES tend 10 TESITICE water movement ang

impede infiltration (Brady, |984).

Table & Correlanan Table of Some Soil Physical Properties with Infiliranon rate

Parametars Correlated Comelation Coellicients
Infilration rate and Todal-parosity 0.8
Infiltration rate and Macro-porosity -I}.US‘
Infileration rote and Micro-porosily _:::j?*
Infaliration rate and Bulk densiy ' s
Infiliration rate and Volumetne hMoisture Content 0.25

*: Significant at 0.05 Probability level,

This, thus, estahilishes the fact that the propartion of the individual pore spaces rather 'hi!'“ their combined
volume is the important consideration. Results also show a significantly neganve correlation between bulk
denmity and infiliravon rate (r=-041*% Itis abvious that high bulk density values, ws reported by Tirady (1984)
and Ahmed and Dury (1985} are closely associated with low infiltration rates in solls. It is worth mentioning
that bulk density only has an indirect influence on infiltraton rate. [t rather e iffes the pore-sige distribution
which has a direct bearmng on infiliration rate. Volumetric morslure content was [pund to be poorly correlated
with infilteation rate {r = (025}, This is obviows, considermg the fact that valumelire molsire content hos been
found not to influence the equilibrivm rate, but only muakes the soil o attain final rate slowly or quickly
depending on the moisture content (Lal and Greenlond, 19781 Philip (1957) reporied thst soils which are
already wet atin final infiltrnon rate more quickly when ran falls upon them

SUNMMARY AND CONCLUSION

The purpose of this study was (W Jdetermine the anfiltration rates of selected soils wnder fullow and
cultivation. 1 was undertaken with the ultimare aim of evaluanng the impact of culuvation on waler mtake rae
and some other physical properies of soils that affect ifiltration characienstics. Among the factors that alfect
infiltration rate, micro-parasity, soil textural chaactzristics and landuse practice were ohserved 1o be the most
important. Micra-porasily correlated witle infiliraton rate (r = -0036%), indicating that individual pore spuces
rather than the toral voldume 15 important Anotber foctos that affects te rate of water entry into the soil is soil
testural charactensties. This is evident from the sandy, course texture of Shintako soils uhi.l.:h resilied in higher
infiliration retes compared Lo the Cidan-Kwano soils with ligher clay content. Generally. the sails under fallow
showed appreciably higher il rates than e sulyected o culivatien, i

The Nigenan Guinea Savinna cone 15 chinactenzed by high rainfall intensny and seasonality which often
leads @ erosion hazards and severe water shortages. 1t then emtals that, for the purpose of water conservation
and mrunapement. and exoston comtrol i Lrge Farms, s adsisable o leave sinps of lind under lallow hebween
large plots withan the farm. This will ensere thal runnimg, witer on the soil surface down-slope 18 atlequately

absorbed e the soil, thereby, reducing s erosivity. Also, 10 order 10 mamtain good soil structure, the soil
should be lefe Fallow afier contnuous cultivation Tur quite a long period of tme.
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