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zero - rlllage and Intercropping on a Thopical Alfisot:
I Effects on soil physicat properties

AJAYI, A. S.'and BABALOLA, O.,

Abstract

Rapid deterioration of soil physical properties of arable rand under
continuous cultivation adversely affects crop production in the humid and
subhumidtopics. This investigation, which rastedforfourconsecutive growing
seasons' wils conducted to determine whether the deterioration can be minimized
by a tillage and cropping syst€m that can be readily adopted by the local farmer.
Theresultsshow thatover the four growing.**nr, roiiuu[.iensity rDb)of the
surface (o - O.lm) soil increased ay o.lougm3. Intercropping recuced soit
cornpactionratesunderconventional tillage (cD andNotiuage frri in the rwo
years while sole crops of maize and melon increased soil co-mprction in ttrcir
respective plob under CT. Surface soil of the NTplots remireO more water than
that of cT plots at saturation and field capacity. Higher *r*.0 hydraulic
corductivity (SCII), and improved infilhztion ctraracte+tstics were found under
NT. Intercropping wi& melon was effective in improving soilpG*apropertie,,
under both tillage treatments. The over-all resulk io*i"t* iripmvement in soit
physicat properties under NT and intcrrcropping with continous eulfivation" It
furtlrershowstheposibilityofintegrationorirlrintattre*uusiscnce-inlreroppi,ig
flrming methods practised in thii region where fertilizers iod rvq:ed control
chemicals are just gaining popularity.

Introduction

. T9 stop degadation or 
3.ost 5onict soils and maintain productivity under continouscultivatiqt, NT system of cultivdiorwi0r crop residue mutcies h6[n advocared GaI,1976 afi 1984). The fundamenhr rn"*g*rnt considerations ,r" o ,rirain good soirstructure through continous ground cover fwimn et al, l9E2), mainrain higber lerrel of soilorganic macer (Agboola, rggl), prevent soil exposure and minimization of the physicalimpact of raindrops and solar radiitions (Shelton et aI, 19g3.

The limitations imposed by mulch availability due to the tropicd climate which
Sccgleratel ra.nid decomposition of plant residue left over after th; ;;peing season rras madein situ mulching difficult. Mulching therefore has become a time consuming operation andrequires planting. cutting, Eansportation and qpread of th. *J.f*at riris frrom neighbour-
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ing fields to the field of use. This in turn has made the adoption of the NT farming method
les: 

nltractlve to the peasant farmer. To reduce this large dependence on mulch, work on NT
technique in the ropics, which earlier emphasized soli cropping must look into the areas of
intercropping inciulirg groundc<iverinrcrcrops. apartfromitrealceptaullityof intercropping
ta the,farmer, such cropping flractifes have been iound to be beneficiat in land and resource
nse efficie*cy ff#ahua and Mitter lg7g).

There are eonflictrng repor*s regarding the effects oftillage practices on soil properties.
fur example, wkile curfs {is?6} reported improved soil physlcal properties under cT, Lal
{1,9?6} ofl the oiher hard, reperter! the reverses while osuji (l9d) oLtarneo a progressive
superirrity of NT sver c't in soii physical properties orl.'u p..ioo of five ye-i. t tore
research infcnnation are needed to resolve some of these iontradictions because the
susistabilityofdifferenttillage illethodsdepends largely on soilproperties, moistureregimes,
availability and rate of decomposition residue mulches on rhe surface soil.

- The objective of the present study was to determine changes in soil physical properties
of a tropical alfisol under NT and CT with less dependence oir mulch in Vf Uy practising
intercropping.

Materials and Method

The experiments_were-conducted for 2 years (t9g3 and r9g4) with two growing
seasons per year at the Teaching and Research Farm eif the University of Ibadan, Ibadan ii
we$tern Nigeria. Ibadan (7 22q1,3.58'E) is located ut the Northe*-rring. of the rain foresr
zoneaRdhasanannualrainfall of between l,000arrd 1,600mm with r"rn-of ubout 1,270mm.
Thereoe twodistinctsasons, wet(April toNovember) anddry (December toMarch). There
3re fso tlo clo.wing seasons. The first season, late March to laie iuly, ends in a short dry spellin August while the shorter second grolvrfig s*ason begifis in tate August and ends in
December.

Prior to 1952, the histon'of this site u,fts not knl:wn.'lhe ii*i,J iv;rs rlcar-eil in 1g52 from
a bush supporting oil palm, kolanut trees and many ,:ii:i:r ire-e rtrJr{:iss. The area rr,as di'ided
int* ci:i:tour strips and has L":'rn r;rbjr:cted to rneehrirricld tliiig,: iiN up,&arii of 2s yi"rars.
i"\ii'1t:'*nf rotations r:f vari*us cr*ps have !:een t'q:li*w*J-'The ir.r:c h.a,.l kien unr],*.i;]!r:.r.fcn
5- yeaft :n:fore this experin,*&t wils stffted. Th* sil, iia: a gr*ti;, uir*ulating telrain ..,.,ith a
slope of 374" T'he welldlainedsoil whichisderivedfiosn finglgraincd lliotite gnesis andschist
parent nraterial beiongs to the Iwo Series (Smyth and Montgo*"ry 1962). The texture of the
surface layer is loamy sand to (Table 1). I'}rior to rhe impositon of tire tiltage and crop
treatments, physical and chemical properties of the soil were determined from ttree soil pits
dug at various parts of the study area. Two tillage treatments were imposed viz:(i) conventional rillage: The plots were ploughed on." p"r.ropping season with

a small ractor (15 Kw) using a morldboard plough and later harrowed once.(ii) No-tillage: In this reatment, the existing vegetatioi was killed with paraquat ( I ,l,-dimethyl 
-4,4'bipyridiniumion)at0.50kg/ha (active ingrediint) applied

one week before planting. The soil was left undisturbed. A thin layer of mulch,
consisting largely of residue vegetatbn on ttre plots, was applied to completely
coverthe soil s$facc before starting the experimenL After the first...*n,.rop
residues hft after harvest plrs cut bush regrowth from each plot were used as
mulch at subsequent planting period.

'l he crop f eatmen|.r wrrr: .a,;- fr-,! lc-ii:



(i) Sole maize (ka mays, L.) vwietyTZpB developod at IITA, Ibadan.(ir) Sole melon (Colocynthus Vulgais, L ) local varie of 'egusi'melon. This crop does
not require heavy fertilization and it offers complete ground cover about four weeks
after emergence.

(iii) Maize*'egusi'melon'intercrop.
(iv) Uncropped plot: To eliminate the effects of canopy cover and added fertilizer no

crops were groryn on thebareplotsafter theimpositionof{hefillage treatments.This
served as the conEol. ' . ,

Planting was done manually. The sole mai2e and sole melon crops were planted at a
spacing of lm x im with fwo plants per hill fot matze and one ptant pei trlU for melon on a
plot size 5m x 5m. In the maize - melon intercrop, maize was planted at the usual spacing of
lmx hnwithtwoplantsperhill,then0.5mawayfromthemaizestandinthesameplot,melon
was planted at the regular spacing of 1m x lm with one melon plant per stand. NpK ( 15- 15-
15) fertilizer was applied at the rate of 200 kg/ha two weeks after planting. The fertilizer was
handed with a hoe in the CT treatments while it was surface applied in NT treatmenls and
covered with residue mulch. At 6 weeks after planting, S0kg/tla of urea was surfrce applied
in all the planted plots.

Three core sarnples were collected from the cenEe of each plot using metal cores with
an average diameter of 6.65m and a volume af 2.321itres. Only core samples that were free
frorn any visible defects were chosen for delermination of bulk density, saturated hydraulic
conductivity and soil moisture retention. The core samples were ptaced in a trough of water,
with the covered end down, and then allowed to saturate by capillarity for 24 hours. Saturated
hydraulic conductivity was determined using Klut's (1965) method soil moisture retention
was determined for the high energy moisture rarige using the tension table (Ctement, 1966)
while lower energy characteristics were ob[ained using a pressure plate apparatus (Richards,
1949). Infilnation rates were rnonitored by ttre double ring infiltrometeimemod. The inner
ring was 0.3m in diameterand 0.3m deep. Theouterring was0.5min diameterand0.3m deep"
These rings were driven into the soil to a depth of 0.15m. A constant water head of
approximately 0.05m was mainlained in the inner ring using the mariotte bottle technique.
Weekly gravimetric soil moisture content at 0-0. lm depth, was determined frorn three after
planting. There were three replications tbr each of the soil pope*ies determined.

The design of the experiment was Randomised Complete.Block (RCB)" The data was
analysed as a two-factor (Crop and tillage factus) frctorial with three reptications. The
infiltration data was analysed according to Philip's (1957) model in mder to compute soil -water sorptivity (S) and transmissivity (A) in the following equation:

I = At+Stt2where
I = cumulative infiltration
S - Soil - water sorptivity
A = transmissivity
t = time

Results and Discussion
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TABLE L SOMESOIL PBYSICAL PROPERIIES OF THESITE ATIBADAN
I

SoiI Ddt Sand Silr CbY
(m) (%) (6) {Yo)

Terurtrt Gravel Bu& Total

Class Corcar Dcllsily krosity
rraibo {MSrnl (%)

l0l'l,

Fidd Permmeil
CryEcity wilting
0.01 lJMh
MPa (Cm3/cm3)

(cm3/

Sa[rad
Hydratli:
Coodr
tiYity

{Xs)
(Oilr)

0-0.15 73t w., 62 lJ
0.15-0.30 n.9 t?.8 4.1 LS

0.30 -0.60 7s.4 18.3 6.3 sL

06- r.o 7t6 165 ll'8 SL

3214

255

?1.3

w2

25.4

23.4

fit.?

20J

1.52 42.6

t_60 19.6

158 40.4

15? 40,8

0.19

0.12

0.17

0.16

0.05

0fi1
0,04

0.(N

1. Losnysild
2. SilndIf,ffim

TADT E * MEAN SULK DENSITy (Mcnil or THE SURFACE (0 .0.1M) aT rST wEEK of, STAITMG THE EXPEaTMEHT
(APKL TSEI) AN$ ATTHE ENDOF EACH GROITING SEASON'

Mold! Ysr CT Slardad Sole
ErrG mlhe

solc
Mcho

lt$ Mired
Maize +
ldeh0

88em$ stlDdad
E lor

AFI
July

DE{cmbs

luly
DGc&

1983

lsBS

l9B3

1984

l9*l

1.5a* 1.48b 0nl9

l54a l37b 0.921

1.5?a 1.45b 0.u20

1.60a ll6b 0.016

t.63s t..l.tb 0.0{o

1.43b tr.54r

1.47$ t.S4a

1.49a t53a

lsla lj5a
lJ6o 1.56s

1.4{i& t.54a 0il27

1.45& 1J4a 0.U31

r.5?.a lj4a 0.048

l53a ll?a 0.fr3

lj6a 16l. OS51

*Odb trcarnlonon db fiir.Bt lcfic(,.,withinat*dilu at.i<0.05 (Dt anlrrtltirle Rilg€T.'glDtlRT).
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TABLE 3: EFFECT oF TILLAGE AND INTERCR0PPING oN soIL MOISTURERErENrroN (cMvcM) oF rHE sunr,lcp sbiiiI - o.rM).

Treatments Toail Pore Space
(OMPa)

DECEMBER DECEMBER
1983 1984

Field Capacity
(-0.05Mpa)

DICEMBER DECEMBER
1983 1984

CT

NT

Standard Error

Sole Maize

Mixed Naize + Melon

Bare Plots

Standard Error

0_zgb*

O-32a

0.13

O.32a

0.32a

029b

0.12

o.26b

0.31a

0.ll
0.28ab

O.29a

o.27b

0.14

0.14a

0.15a

o-v2

0.14a

0.15a

0.13a

0.013

0.llb
0.t4b

0.04

0.l2ab

0.13a

0.llb

0.05

*only meansfortowed by different tetter (s) within corwnn differ at p<0.0s (DMRT).

TABLE 4: INFILTRATI0N CHARACTERISTICS o['THE soIL As ATFECTED BYTILLAGE AND INTERCROPPING AFTER FOUR CNOPPilC SEASONS (En,oF LATE SEASON 1984).

Treatments Philip's Equation
AS Correlation

Coefficient

CT

NT

SoIe Maize

Sole Melon

Mixed Maize+ Melon

Bare Plots

0.63

0.72

0.56

0.63

0.31

.0.58

9.rl
t4.24

6.U
8.45

6.00

7.s2

0.94**

4.97**

0.99**

0.95**

0.97**

0.95**

rPhillip's 
eqriation I = St oi + At where

J = accumulative inliltration

| = Soil - Water sorptivity
A = TrAnsmlssibity
t = Time
**= Significant atthe l%aleve]

,ta



December 1984

NT

Stadard Elror

Sole Maize

Sole L[elon

MixedMaize+ Melon

Uncropped Plds

StadildEror

24.&t
2435a

6"46

25.53a

25.164

77.19a

23.14a

4.57

16.35b

25.8tu

3.v
20.58a

15.84b

24.88a

15.74b

2.50

*An$ meansfoltowed bydffirent letter (sl within a col*mn differ at P<0.05 (DMRT).

Fig. r. Ef,fects of Tillage ard Crogfng treafirents on Cumulative InfilfaUon in 1983

and 1984.
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inierreO irom m* g*dual decrease in ttre SgC of theioil with depth.

Bulk Density: G$nerally, the soil's Db increased with time except for the Db of NT
trearments which appear relatively stable. (Table 2). As the seasons of cropping increased,

the Db of ttp NT treasments did not change appreciabley however rapid increase in Db was

noted under bare plots of CT. For the crop treatments, sole melon plots in both tillage
treatments had. high Db for tho entire four growing sff$ons. This is probably due to its
relatively short life spah a$d p<ror root system development. Intercropping was effective in
rcducing the rate of soil compaction probably because of the aggressive nature of the maize

roots ard the surtace cover provided by the melon cover crop.

Molsture Retention characterbtics

Soil moisture retention (SMR) data of the surface soil (0 - 0. lm) indicate a reduction in SMR
than CT treatments at both saturation anC -0.005m Pa (Table 3). The uncropped plots had
lowest SMR which rapidly decrease with time. On the other hand, intercropping improved
the SMR characteristics of the soil. Judging from the December 1984 data, the significant
difference in the SMR characteristics of CT and NT indicate that tillage effect on the upper
limitof available soil water maybe critical with increase in the length of continous cultivation
of the soil. The NT Eeatments with adequate surface cover may increase the ability of these

soils to retain more water. This may have some useful implications during drought periods

that sometimes occur during the growing seasons (Babalola, 1978). The soil moisture
retention characteristics were investigated only at saturation (OMPa) and at 0.005 MPa.
Babalola(1978) hadearliershown0.005MPa tocorrespond to the fieldcapacityof these soils

although Lal (1981) found a range of 0.005 
-0.0lMFe 

m*re appropriate *'ater retention
at the tw'.o levels is sfrrngly dependent on pore size oistribution which can be readily
influenced by tillage meffiods Lal (1981).

Water Transmission Characteristics

The effecs of tillage and cropping Eeatments on cum*lative infiltration are shown in Fig. 1.

Values for the analysed infiltration rates according ts Philip's equation are shown in Table
4. The infiltration rates were signifieantly affected by the tillage treatments. The initial
infiltration rates were high for the soils during the tirst year of the experiment (Fig. t). The
infiltration ratesdecreaserapidly forall ttre treatmentsduring thesecond year. This reduction
was rnore prominient under CT than NT. The reduction in the infiltration rate of the CT
treatment is an indication of the reduction in the macropores in the soil due to soil compaction
as shown in Table 2. It is important to note that these high infiltration rates are relative values
rather than the absolute infilration rates. Thls is due to the limitations of the experiment
which are: Firstly, the settlfurg or collapse of the unstable soil aggregates of the sandy soil of
this study. Secondly, the size of the ring used was rather small and the buffering was not large
enough to prevent losses due to lateral flow below the ring. Also, since these plots were
located on a 37o slope, the losses due to lateral flow were further accentuated. The infiltration
characteristics, in terms of sorptivity and transmissivity shown in Table 4, indicate improveil
infilrationcharacteristics underNTwith time. Theincreasedsurfacecoverunderintercropping
has been shown elsewhere (Fagbamiye,1911) to create a better micro-environment suitable
for microbial activity on the soil surface. These micro-organisms have been known io c!'eate

' channels for the passage of water into the soil (Ehlers, 1976).

The soil's SHC was also aft'ected in a rnanner similar to that of inliltraticn character'isiics
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trubr" 5). The SH€ values are also relative rather than absolute. This might be attributed to
problems associated with soil core sampling and the measurement of SHC on Core samples
in the laboratory using Klute's (l!)65) method. The effect of tillage and crop treatments on
the soil's SHC was not significant. This is possible due to the texture of the soil (loamy Sand
to Sandy, Table 1). and the land use. As mentioned earlier, these plots have been subjected
to CT over a long period of time, at least five years before this experiment began. The overall
effectsof these tillageoperationson the soiloverthe years willbe compaction anddestruction
of the soil aggregates which possible account for the initial low SHC obtained on these soils.
The data indicates an increase in SHC of the NT treatments over time even though this was
not statistically significant in the study. Other workers have made similar observations
(Hamblin, 1984, osuji, 1984). Forexample, Hamblin (1984) nored that within 3 years of her
study, no appreciable differences were noticed between SHC of CT and NT plots. This trend
could be altered with increasing years of the tillage practices.

Soil Moisture Content The changes in surface soil moisture content as affected by
tillage and crop treatrnents at 0. - 0.lm depths for the four growing seasons are shown in
figure 2 which also shows cumulative precipitation. The rainfall amount and disribution
were adequate in the first growing seasons of 1983 and 1984. This was howQver not so in the
secondseasonof 1983.In the 1984 secondseason,thetotalamountof rainfallwasquitehigh
and was uniformly disEibuted. The soil moisture content did not differ significantly between
CT and NT in the seasons of adequate rainfall. This indicates that the soil water regime under
adequate rain ll is not significantly affected by tillage. During the second sea$on of 1983
when rainfall was low and poorly distributed, the NT plots had higher surface water content
than CT plots. A large amount of mulch (between 4 - 6 Mgfha) trras been shown to be needed
for improved moisture storage of NT plots. This large quantity of mulch is not always
available but with increase in the amount of biomass at the soil surface due to intercropping"
thedependenceon mulch canbe reduced. Theabilityof themelon ryoptocon$ervesoil w{er
not sonsidering ic evapotranspirational losses, was stlown ea6lier by lkeorgu t l9S4). During
intercropping, themeloncropwith iisshallowrootsystemallowsthe soil moisture conserved
by the melon crop to be tapped and used by the deep rooted crop in the mixturc.

Conclusions

Much progress has been made in the humid tropics in undersuarding the hsic
principlesof tillagepracticesand theireffectson cropyield. However, mostrecommendati<ins
based on particular soil type such as soils of this study have advocaled no-tillage with large
quantities of much (a - 6MS/ha) (lal, 1983). The recommdendations 4re largely bassd on
monocropping which is at varitance with the traditional inixed cropping of the local farmer.
Theresults of this study, show the potential of intercropping (withaneconomically profitable
companiorr crop)in reducing the large dependence on cropresidue much which can make the
NT practice acceptance to the peasant farmer who practise intercropping. Soil bulk density,
soil moisture retention and transmission characteristics with surface soil water content were
improved under continuous NT. Furthermore, with adequate much to entire soil surface at the
beginning of cultivation, intercropping melon with maize, can lead o better soil physical
conditions under continuous NT.
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