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ABSTRACT

The literature on infiltration and factors affecting it
was reviewed. Special enphasis was given to the effects of
different cultivation techniques. As infiltration is one of
the key factors affecting soil erosion by water the literature
review opened with a brief survey of erosion problens in
N geri a.
The effects of different cultivation techni ques on soi
physi cal properties were assessed by neasuring infiltration
with double ring infiltrometers. The cultivation techniquee
i ncl uded a manual system a bull ock-powered system a system of
zero tillage and a variety of tractor-powered systens. An aggregate
stability test was also carried out for selected treatnents.
The infiltration measurenments were carried out on four
occasi ons spaced over the growi ng season. Each infiltration
run lasted four hours and the differences in cumlative
infiltration between the third and the fourth hours were taken
as the equilibriuminfiltration rates.
Infiltration was also neasured in a 6-year old zero

tillage experiment in which zero tillage was contrasted with

(ii)



continuous cultivation. |In another experinent, infiltration
inafield under grass fallowwas conpared with that in a
30 year old continuously cultivated field.

The results of infiltration nmeasurenents showed t hat
infiltration and cultivation technique were cl osely rel ated.
Qunul ative infiltration under the nanual systemwas superior
to either the zero tillage or the bull ock-powered system and
greatly superior to the mechani sed system Statistical
analysis of equilibriuminfiltration rates confirmed this.

The manual systemwas significantly superior to the bull ock-
powered and tractor-powered systens at 5% | evel of significance.
The statistical analysis also showed that zero till age was
significantly superior to all the mechani sed treatnents while
there was no significant difference anong the nechani sed
treatments. The grass fallowwas greatly superior to the
continuously cultivated soil. The lowest infiltration rates
were obtained in the md-season when rainfall was at its peak
suggesting that infiltration and initial soil noisture content

wer e rel at ed.

The aggregate stability test showed that the surface soil

under zero tillage was nuch nore stable than surface soil under
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any other treatment; the significance level was 0.1% At the
sane | evel of significance, surface soil under manual and bul | ock-
powered systens were nore stable than surface soil under any of
the nechani sed treat ments.

In viewof the inportance of infiltration rate with
respect to surface runoff and soil erosion, the concl usions
about the effect of different cultivation techniques on
infiltration should be tested for all the major soil types in
N geria. In addition, further studies are needed to find out

the exact causes of reduced infiltration in particul ar cases.
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"CHAPT R T

INTRODUCTIONR

The ability of the soil to agbgorb rainfall is one of the
most important characterictics determining the severity of soil
erosion. Water only runas off the s0il surface when the rate of
water application exceeds the infiltration rate, Hence every
factor that reduces the permeability of the =e¢il increases the
likelihood of surface runoff and erosion,

The eage with which water noves into end through the
s0il} ig greatly influenced by the relative volume of goil pores, -
This is not all, size and continmity of these pores are also
very important. The larger and the more conductive the pores
are, the greater the rate of water entry. In other words
during infiltration, the larse {or coarse) transmission pores
are by far the most important because increaged infiltration
rates largely depend¢ on them, Large pores are also respongible
for free movement of air and root penetration.

The pore gizes depend on the agents which create porosity,
Some cof these agentz include =zoil organisms, drying and soil
cultivations. As the roots clongate and grow bigger through

the existing pores, they expand them and when they die and
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decompose, they leave behind long continuous and fairly stable
channels.,

Sail organisme like ants, earthworms, termites and crickets,
burrow through the soil and produce channels, Seoil cultivations
help to increase the pore spaccs Drying and frost action (in
temperate lands) often cause ooils to crack, The cracks produced
form channels through which water passes.

Por effiecient water transmission, the pores created by
these agents must remain fairly stable and conductive, Agents
respongible for their stabilication include soil organic matter,
root exudates, clay fraction and larger soil organisms, Humus
possgceses many large molecules shaped like ropes or nets which
help to attach primary soil particles together, In freshly
decomposing organic matter, polysaccharide gums produced by
bacteria and fungal hyphac are also very effective in stabilising
the pores. Livings roots also produce high molecular weight
material called mucigel, which can help to stabilise the soil
pore space,

As for the clay size particles, they possess both positive
and negative charges, These enable them to cling to one another
and to the larger primary particles by electrostatic attraction,

This helps to stabilise the larger aggregatee and pores in and
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between them. Earthworns on their part exude mucus as they
burrow through the soil which also helps to produce gtable =oil
crumbg as well ag stable pores,

Mest often, the geometry of these condueting pores is
altered by the action of raindrops, agricultural implements,
novement of men and animale, rapid swelling and air pressure
aszociated with rapid wetting of previously dry moil. The
walle of the coarser pores may also collapse slowly if the seil
becomes waterlogged. This is because waterlegged conditions
are conducive to the bacterial degradation of polysaccharids
gung into smaller molecules which have no ability to bond soil
particles together, The end resvlt is digruption in the continuity
of the conducting pores,

Cultivation hag possibly the prestest effect an destruction
of large pores, Baver (1965) rofers to tillage as the
different mechanical manipulations of the soil that are ugzed
to provide the necespary soil conditions favourable to the growth
of crops. Russell (1973) describes the functions of tillage
operations ags follows:

{a) to obtain good scedbed

(b) to kill weeds

(¢) to undo the damage done by previous traffic over the

land or previous cultivations,
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{(d) to increase the permeability of the swuface soil or
gubzoil to water which will allow better drainage and
seration in the soil and hence better root penetration,

Historically, tillaze was necessary 1o elinminate weeds and

loomen up the soil so that séeds could be planted, FEssentially
this is still the seme today but power equipment and herbicides
have greatly modified they way in which these goals are achieved,

Cultivation to a great extent hap unique econsequences

on the soils physical condition.' The method employed, the
type of soil and its previous histoxy ad well as the weather
during and after cultivation, all influence the ocutcome,
During ocultivation especially whon the soil moisture content
is high, tractor wheels often cause compaction and smearing.
The end resulis of these are difficuliy in root penetration,
reduced infiltration and waterlogged condition with all itsg
undesirable effects, Thus the purpose of cultivation itself
is defeated.

In the Northern States of Nigeria, a wide range of

cultivation techniques is used, The traditional tillage tool

commonly used is the hoe, It varies in size and shape depending
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on the specific function it is to perform. Exomples include
the weeding hoe (fartanya in Hausa) and the ridging or mound
hoe (garma in Hausa). Animal powered and tractor powered
cultivations are also being practised but to a lesser extent,
especially the latter.

This project compares some of the cultivation practices
being employed in the Northern states. The treatments are a
manual system, a bullock-powered system, six different tractor
powered systems and a system of zero tillage with the use of
herbicides, In another small experiment the effect of grass
fallow on infiltration was also investigated.

The objectives of this thesis are to evaluate different
cultivation gystems in terus of their effects on infiltration
and as far as possible to relate infiltration to other soil

properties such as aggregate stability.
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LITERATURE REVIEW

Singe infiltration has an important effect on soil erosion,
the first part of the review is devoted to a survey of erosion
problem areas in Nigerla., The survey covers water eresion and
wind erosion, btut as will he seen, water ercopion is the dominant
mechaniem in most part of the country., The second and third
parts of the review deal with infilitration and the factors |
affecting it. The last part of the review deals with methods

of measuring infiltration,

2.1 Survey of S0il Erosicn Problem Areas in Nigeria.

A distinction is sometimes made between natural erosion
vhich is the result of geologic forces and that which is the
regult of man's efforts td obtain a living from the land. The
latter is often referred to as accelerated erosion. Natural
erogion is so slow in termg of human life as to pass generally
unncticed except by the geologists 1In most places, it is relatively
unimportant,.

What takes nature hundreds or thousands of years to build,
man can, and often does, destroy almost overnmight by haphazard

land use and improvident husbandary. Problems arise when land
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is exposed to erosion by cuttins and ravaging of forest lands

for timber, by overgrazing of range and pasture lands and also
by cultivation of the soil for crop production,.

Apart from all these, engineers who undertake construction
work often care very little about some of the wider consequences
of their activities. As Salbany (1960) pointed cut, the engineer
whose responsibility it is to maintain a road or a route-way takes
only his project into consideration and is normally not interested
in any problem that may arise ns a result of his activities,

Some of the 111 effects of soil erosion ares

(a) 1loss of soil

(b) poorer physical condition of the remaining soil and

(¢) 1loss of soil fertility.

In Nigeria today, soil erosion has become so apparent in
many parts that there is no longer any doubt about its damaging
effects. In the forest regzion, the main causative agent of
s0il erosion is running water (loyd, 19653 Ofomata, 1965) .

The extent to which this occurs is largely defined by climate,
landscape, topography, inherent soil properties and land use
patterns. Water erosion is also important in parts of the

Northern states (Ologe, 1978),



Soil losses due to action of wind have alsc been reperted

in some parte of the Northern state, (Chalk, 1963 § Jones and
wild, 1975; Ahmed, 1972; and Ologe, 1978),
A brief survey of areas where soil erosion has been

documented is given helows

Anambra and Imo states

This part of the country is the worst hit in terms of
goil erosion caused by Turming water due to the glarming
dimensions of the gulliez, Hectares of land have been destroyed
which are usually referred to as badlands. :
Floyd (1965) commenting on the severity of the problem
wrotes
"The REastern Region of Nireria has one unfortunate
claim to fame which mislit be better left unpuhlished
except that it relates to a prodblem of momunental
proportione and of preat interest and concern to
geograrhers, pedolozrists, asriculturists,
conservationists as well gs other scientisis the
world over.
Within the region, there occurs some of the most
spectacular examples of soil erogion and "badland®

topography to be seen in West Africa, Erosicn



gullies attain a degree of severity and destructiveness

seldomly experienced in ﬁther parts of Africa,"

He attrituted this to a particular combination of
geological formations and landforms together with marked
disturbance of the natural veretation cover by man in the
course of agricultural pursuits,

Ofomata (1965) on the other hand, observed that the role
of man 1n creating the spectacular erosion features in this
area hag been, on the whole, rrogsly exagmerated.

Dramatic gully erosion could be seen in the plateaun
ercarprent zone particularly alonz the scarp of Awka=Crlu
Uplands, and the Nsukka = Okigwi escarpment to the east. Less
Pronounced thowgh egually ingidious sheet and gully erosion is
widespread across the region exiending from the plateaux in the
north=wegt as far south as the coastal plains in the Tkot
kpene ~ Itu —« Uyo triangle and castwards to the Cross River
Bagin (Floyd, 196¢5),

The most notorious area of the gully erogion in these
states is near the villeges of Amulu, Hanka and Okeo. This area,
in common with other aresas around, has a very high annual rainfall,
The rainy season is of 7-8 months duration. Repular and often
intense precipitation occurs from May to October, falling on

already exposed soil surface and causing serious damage.
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Violent storms with short, yet torrential downmpours,
common in the beginning and at the end of the rainy season
often cause more damage within the space of an hour or sgo than
regular rainsg over & much longer period of time., Ten miles
south of Awka, the head water of the subsequent W. Awdaw river,
a tributary of the northward flowing Mamu (in the Imo clay=-
shale lowlands) have deep /mllics and revines into the eastward -
facing Nanka sandstone esecarpment. FPigure 1 shows the

ecological zones and the most notorious erosion zones in Nigeria,

Benue and Plateau State

The grassy plains of the Jos Platean and the absence of
tge-tge fly favour a large population which eventually leads to
overgrazing and ceongequently to soil erosion, The rich alluvial
tin deposit lends itself to mining operations which often leave
a scene of earth mounds dried out ponds, tin tailings and
reservoirs rendering the land wnproductive for agriculture,
foreatry or grazing without expensive rehabilitation
Programnmes,

Around Shendar and Pankshin areas, gully erosion isg s
common feature (Grove, 1952), In some other areas of these
two states, indiscriminate and uncontrolled burning by farmers

for hunting purposes and by the fulanis to get a quick flush
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of grass has also contributed immensely to the long term damage
of the vegetation cover (private digcussion with an Agricultural
Officer in Jos, 1978), At the end of the dry season, there ig
often little or no land that has not been grazed over repeatedly.

The complete removal of crop residuep and the repeated
trampling of cultivated land canse soil campaction and loss of
soil structure, These tend to decrease infiltration and the

result is increased ercsion hazard,

Kaduna State

Ologe (1978) in a swvey of soil erosion problem areas of
gome parts of Northern States observed that pully erozion and
- sheet srosion are common featurez in Xaduna state. These he
attributed to contimous cultivation and overgrazing.

Kadung = Kafanchanp~ Kwoi areas are noted for widegpread
gullying though most of the gullies are no longer eroszionally
active, This is evident as most gullies are covered with dense
vegetation, QCanawuri and Kagoero hille are alsgo affected, Alsc
around Zaria, valley side gullying is a common phenomenon
(Ologe, 1971), Travelling along Kaduna=Zaria road, deep gullies
probably resulting from consfruction work, can be geen on both

side of the road (personal obsexrvation).
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To the norfhern part of the State, around Katsina = Kaita,

there is slight wind erosion while gullying is found along

large rivers,

Kane Siate
The State can be divided into twos
(a) areas underlain by basement complex

(b) areas of sedimentary rocks,

In areas underlain by basement complex, gully, sheet and
wind erosion occcur but vary in intensity. Gullying is most
gevere within the basing of the Gari, watari, Chalawa, Kano
and Dudurum (Ologe, 1978).

Mortimore and Wilson (1965) noted that "Soil erosion is
most serious along valley sides where the steepest slopes occur,
gullies freguently working back from the river banks and
cultivation furrows alligned at right angles to the banks."

Tn areas underlain by sedimentary rock, sheet erosion is
found mostly in poorly vegetated areas. Wind erosion is common -
in the northern part of the siate during the dry season and in
~ areas where vegetation cover has been removed. Furthermore
sheet ercsion cccure in areas devoid of vegetation due to

overgrazing.



Niper State
As in Kaduna State, (Olore, 1978) also observed that

accelerated erosion was taking place or has taken place in the
not=too~digstant past in certain areas around the Federal Capital
Territory. He noticed sheet erosion on dissected plains east
of Bwari which he attributed to removal of wegetal cover through
cultivation, overgrazing and annual burning.

Cully crosion was also found to be a common feature in
most parts of the statej e.;;. in the upper reaches of the rivers
lidawuse and Usuman, along Molwa river and Kontagora area, OSome

of the gullies were reported to be as deep as 3 ~ 5 metres,

Ondo _and Oyo States

As in other southern ctates, soil erosion in these states
is caused mainly by rumnins water due to heavy precipitation.

Lal (1976a) commented that soil erosion on Alfisols is
a serious limiting factor when continuous cropping is introduced
on these soils, Anxiety on this account is heightened by the
fact that continuous farmin~s will gzradually replace shifting
cultivation and bush fallow in this area,

Lal (1976b) also found onut that relative nutrient

concentratione in eroded soil indicate that most of the nutrient:



- 1l -

logs in runoff water is associated with eroded sediments. 1In
other gstudies he found that =c¢il erosion increased the gravel
content and decreased the zilt and clay contents of the gurface
horigons. The moisture content capacity of the surface so0il
alse decreased significantly. e zlse recorded a decrease in
infiltration rate from 3.5 om/minute in February 1972 to 0,2
cm/mirmte under bare fallow and 0,1 cem/minute under maize -
maize (ploughed) in February 197k,

Travelling along Ife -~ Ondo and Ondo~Ore roads large
gullies along the road sides and on nearby hills can be seen

{personal observation),

. Sokoto State.

Around Sokoto town itnelf and in places where permanent
damage has been done, sheet erogion hasg been found to he very
gevere, Guily erogion is also common along river valleys.

Howe#er, in the northern parts of the state wherever
vegetation cover haz been compleiely or largely removed, wind
erogion is found to be a serious problem, This often occurs
during the long dry seasoh and at the begining of the rainy
geasgon. Around Sckoto valley, the sedimentation pattern in
the flood plains indicates that accelerated erosion siarted

meny hundreds of years ago (FAQ, 1969).



Prothero (1962) reported that drifting sand has made it
necessary to shift roads and often constitutes & menace to the
farmer who may have to replant hig crops several times as blown
gand commonly overwhelmg youns plante and burries them,

Chalk (1963) wrote: "Where airphotos have been systematically
appraised over large areag as at Sokoto aleng Sokoto = Rima,
unofiicial estimates indicate that from 20-50 percent of the

upland iz heing affected by gully erosion.

Other States

The fact that documented e¢vidence are not available for
pome areas as to the extent of erogion damase does not mean
that so0il erosion does not occur there. For instance one can
infer from the situation in Sokoto State that similar thing
may be expected in Borno States though this is yet to be
confirmed in a report, The underlying reasoning being gimilar
rainfall,

Drilling of 0il in Rivers and Bendsl States hase caused
large expangses of land 1o lic waste cither because of pollution
or direct exposure to water erogion, The Daily Times of
November 17, 1977 reported an incident whereby the Bmeraves
comminities in Bendel Otate petitioned the then amilitary governor

to save them from continuoug oil pollution and erosion in the area.
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From this background it appears that soil erosion is
widespread in many parts of MNireria, It is imperative therefore
that conscious efforts be made to combat this serious problem or
else the much talked about Operation FPeed the Nation and industrial
development would be meaninsless. It is hoped that the present
thesis will contribute to these efforts by focussing attention
on the importance of soil menarement as a major factor affecting

infiltration, surface run~off and soil erosion,

2,2 Infiltration
Infiltration is usually defined qualitatively as the

downward entry of water into the soil. Horton (1933) deseribed
infiltration as the process whereby water soaks into or is
absorbed by the soil., Harrold et, al. (1976) defined it as the
entry of water into the soil surface,

Infiltration rate is defined as the quantity of water
entering the soil surface per unit area per unit time, The
dimensiong are LT '3 for example mm/hr, em/hr or in/hr,

For stable and efficient agriculture sound and careful
water management practices are esgential., These include erosion
control, improvement of infiltration and prevention of flood,.

The realistic planning of these water management and

conservation practices, requires accurate information on the
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rate at which different soils will take in water under different
conditiong (Parr and Bertrand, 1960). This is because the rate
of water entry Iinto the soil fluctustes widely between soil
types and even within a single soil type depending upon initial
goil moisture content, management and cultivation techniques

employed.,

2,2,1 Bignificance of infiltrations

In many cases infiltration ig important in determining .
the disposition of precipitation falling upon a catchment ares.
It is also inversely related to time. 'Thug the relationghiy'-
between rainfall intensity and infiltration rate determines how
much of the falling rainfall will flow over the land surfacJ
ag runoff, possibly directly into streams and rivers., It also
determines how much will enter the goil where it may be retained
for some period of time before being either peascd downwards as
percolation or returned to the atmosphere by the processes of
evaporation and transpiration, ‘

Information abecut permeability is essential for the
functional clagsification of oseils. A knowledme of the J
permeability of different soils is useful not only in planning
the agronomic phase of the conservation programme for a farm

bhut algso in designing and spacing terraces for erosion control



and water conservation. It is needed for adequate planning of

drainage and irrigation aystems. In addition %o all these,
informatiom about infiltration capacity of soils is also an
importsnt factor In certain non agricultural activities such
as planning waste-water disposal.

Seils with low infiltration rates would be unguitable
‘for this purpoze because they reguire extensive arcas and long
periods for absorption of large volumes of waste water., On the
other hand, soils of very hish infiltration and percolation
rates might not be effective In removing pellutants from the
water before passing it to the rroundwater storage basin, 8Site
selection and design of water disposal systems are thus dictated
largely by infiltration rates of soils.

Similarly if infiltration is too rapid during irrigation,
it will be difficult to get water uniformly spread. This can
however be improved by making furrows shorter and possibly
‘steeper, If infiltration is too slow, it iam slso difficult to
irrigate without causing poor aeration temporarily,

Thug it can be seen that infiltration is important for

both agricultural and non agricultural purposes.



2,2.2 Infiltration theory:

Usually the amount of water infiltrating a soil is
greatest when water is first added. However as more water
enters the soil, the flow sradient steadily decreases
(Coleman and Bodman, 194L). Mnpirical formulae describing
infiltration have been advanced by many workers.

Kostiakov (1932) gave the following equation to explain
infiltrations
i = kt?
where i = quantity of water infiltrating a unit

cross—-sectional area of soil,
t = time
K and a = paramcters that depend on the soil and

its physical condition.

Horton (1933) in his model gave the following equation for

infiltration:
i = + (io ~ i ) exp (=bt)
where i = infiltration rate at any time, t;
t = time

io - initinl infiltration rate at t = o
: (P8 = final infiltration at infinite time
b = parameter which depends upon the physical

properties of the goil profile.
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Philips (1957) gave another equation, the s lution of which
appears in the form of an infinite series of terms containing

powers of tﬁ
3 = ST+ At + B 4. ....
where I = cunulative infiltration
t = time
S = gorptivity which is proportional to the
increase in soil water content during .
infiltration and to the square root of the
goil water diffusivity,
A and B = constants that depend on soil physical

propertics,

The drawback of the eguation above is that it does not held
for large values of time and for convenience an approximation
is achieved by replacing all terms beyond the first by Kt as
follows:
I = Sté + Kt

where K = hydraulic conductivity of the soil

Darcy's law for infiltration into partially saturated soils

may be written in the form:

v = K('O)._d;li_ -onoolao--t(.i)
dz
where v = macroscopic infiltration velocity.
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K(2) =  hydraulic conductivity of partially
saturated soil.
H = total hydraulic head

% = vertical distance

If gravitational head is nesligible, dH becomes dy and

equation (1) can be written as:

v = =D(8)ed0 ¢ ¢ o o 0o o0 0o o (2)
dz
where D(O) = "'K(Q)-__d;{’.n.noonca--(B)
aér
-4 = volumetric water content

\fz = tengion head

D(®) is known as the 1oil water diffusivity and equation
(2) is often called the diffusivity equation since it is
analogous to Fick's law wherein {lux is preportional to a
concentration gradient,

Holtan (1961) recormising infiltration to involve both
storage and transmission defined infiltration rate as a function

of the exhaustion of soil moisture storage:

£ = a(s5-7)"+fc
where f = rate of infiltration
8 = gtorare poiential of the soil expressed as

the volumetric difference between pore

saturation and the wilting point.
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F = accumulated infiltration
fe = constant infiltration rate after prolonged
wetting,
a and n = constants for a particular 5oil in a given

condition.

It must be noted thet pore geometry in a real soil is very
complex and these concepts of necesgity, grossly oversimplified

reality (Childs, 19573 Jackson, 1963).

2:2+3 Haturc of moisture movements

The nature of so0il moisture mpvement can be locked at in
two phasess

(a) Movement during infiltration

(b) Movement after infilitration has ceased.
James (1975) reviewed the literature on these twe phases

extensively.

Movement during infiltration,

When water is applied to the soil surface either through
rainfall or irrigation or by ponding, the surface becomes
repidly saturated. From there, there is downward movement due

To gravity.



During infiltration a distinct flow pattern eoxists within
the profile of a homogeneoug soil., Just below the soil surface
is the saturation zone and below it is the transition zone of
almost constant moisture content. Below this zone and near
the limit of downward peneiration is a wetting zone where the
moisture content is changzing rapidly. There appears to be a
sharp boundary between newly moistened soil and soil still at
the pre—application moisture content, This artificial boundary
is known as the wetting front (Coleman and Bodman 194L).

Various stages of water movement can be seen in Fig 2 as
given by Bodman and Coleman (1943).

In the early stages of water application, suction will
pull the water downward, But as the wetting zone penetrates
further and the transmission zone becomes longer, the suction
gradient becomes less important; infiltration then is controlled
by the hydraulic conductivity of the soil.

As the suction gradient sets negligible, the rate of
downward movement decreases rapidly. Several factors are known
to be responsible. These include swelling of soil colloids and
the closing up of some channelc and breakdown of soil structure
at the soil surface. Others arc disturbance and recompaction

and increasing length of tranamission zone which means that
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woater has to travel a greater distance. As infil tration

continues, the wetting front moves deep into the s0il and the
trangmisgion zone lengthens. This continues until either an

impervious layer or water table im reached.

Movement after infiltration has ceased,.

After infiltration has ceased, the wetting front will
continue to move down in regponse tglgravity gradient. As
it does aco, water is taken from the top and rédistributed at
the bottom of the profile, The nature of redistribution of
water in the goil profiles at this stage depends upon the amount
of water added initially, and upon whether or not it was
sufficient for the advancing wetting front to reach the wet
goil below,

During redistribution however, the quantity of water
above the wetting front remaing conetant since supply has been
~cut off from albove. Therefore movement gradually becomes slower
-and slower and as time increases and wetting front moves deeper
into the moil, the average moigture content in the transmission
zone decreases, The rate of redistribution alse decreases with
time.,

In theory, redistribution continues until the algebraic

sum of all flow gradients equal zero. But in practice however,



- 26 =

redistribution ends when the moigture movement i considered
negligible. At this stame the goil is said to be at field
cepacity (Hadas et. al., 1973). Often the period of time taken
to achicve this stage is arbitrarily fixed for 2-3 days after
water application has stopped,.

The processes 80 far described, do not consider the effects
of evapotranspiration, As soon as infiltration stops,
evapotranspiration begins which helps to slow down the downwa?d
novement, hence creating a suction gradient which tends to draw
water upwards. Permeability iz also reduced due to reduced
gaturation., At this stase there are two components of
movement 3

(a) water which draine down through the profile

{v) water lost by evapotranspiration

A gituation may arise vhen moisture is lost only by
evapotranspiration. Thiz is when there is a barrier at the

bottom which obstructs infiltration.
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2.3 Factors Affccting Tnfiltration:
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Several factors are lmown to influence infiltraticn.

Since all infiltration water must pass through the g0il surface,

the condition of the soil surface and the layere immediately

below must be considered as important factors governing

infiltration and infiltration capacity (Harrold et. al, 1976).

lewis and Powers {1938) gave the factors affecting

infiltration under two broad headings$

(a)

(b)

factors influencins the infiltration at a given time
and peint, like texture, structure and organic mastter,
factory influencing the average infiltration rate
over a considerable nrea and period of time like

slope, vegetation and surface roughness.

Musgrave (1955) summarised the major Tactors affecting

intake of water as followes

(a)

(e)

gurface conditiong and the amount of protection
againgt the impact ol rain.

internal characteristics of the soil mass, including
porce size, depth or thickness of the permeable
portion, degree of swelling of clay and colloids,

content of orpanic matter and desree of aggregation.



DY -

(c) soil moisture content and degree of saiuration.
(d) duration of rainfall or application of water.

(e) secason of the year and temperature of soil and waters

Dixon (1966) said that the major soil properties affecting
infiltration which are influenced by tillage and crop residue
managoment practices are surface storage and soil crusts.

In addition to all these (Hacrold ct. al., 1976) identified
soil hydrologic properties, veretation and tillage, viscosity
of water, soil moisture, hy'raulic gradients and frosts (in
temperate lands) as factors affecting infiltration of water

into soils,

243¢1 Effect of soil cultivation:

Cultivation often affects infiltration because of its
effects on the conducting poves in soil, Compaction {rom
cultivation implements usually results in poorer infiltration,
aeration and penetrability of soils,

Cultivation may either incrcase or decrease infiltration
rate. Cultivation practices that leave the soil surface rough,
with many pockets of water storage are likely to have more

infiltration than where the surface has been worked down and
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smoothed by cultivation. In the latter case, infiltration
continues only so long as water is being applied, whereas, in
the former, infiltration continues after the water application
has stopped and until water in the pockets is absorbed. This
prolonged time for infiltration may be as much as several hours
and can lead to increased infiltration and less runoff,.

Charreau and Seguy (1969) in Senegal showed that 578mm of
729mm rainfall infiltrated into a ploughed soil but only 459 mm
entered into an unploughed soil,

When subsoil permeability determines infiltration rate,
clearing and cultivation have little effect, but compaction of
the well structured top soil on clcaring may cause the
infiltration to fall, However clearing bush by mechanical
means with all its considerable vehicular traffic appears to
hagten the process of gurface deterioration and erosion may
become serious in the first cropping year.

Sanchez (1976) reported that infiltration rates at 1 and
11 months after clearing averazed 10,5 em/hour for the slash-
and-burn system in contrast to about 0,5 em/hour for the
bulldozed system., The difference is believed to be the result
of bulldozing itself in sandy topsoils very susceptible to

compaction,
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Wilkinson (1975) found that most of the ir reased
infiltration rates during fallow was eliminated during the
first scedbed preparation and that all the increase was
eliminated by the end of the first cropping season, Similar
results were obtained by Wilkinson and Aina (1976).

Traffic from seedbed preparation and post-planting operations
often causes surface and subsurface compaction. The result is
reduced infiltration and inadequate aeration.

Parker and Jenny (1945} tested the effects of traffic
and cultivation on soil compaction by subjecting hoth dry and
wet plots of a dry farmed area to intensive traffic by a track=
type tractor and io repeated disking. They found that the
effects were very detrimental to water infiltration in both
cages., In the wet soil, pronounced compaction was produced,

They also found that disking of dry and wet goil, greatly
?educed water Iinfiltration, L L ’

Smith (19L9) observed that cultivation of the soil that
causes fragmentation of the I-horizon was ofien responsible
for reduction in infiltration capreity. He maintained that
if the A-horizon is thicker than the plough depth, and granular,

such treatments do little damage to natural structure and may
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even permit greater infiltration rate than natursl =oil,
provided there is increased porosity. He also investigated
the effect of initial soil moisture content and concluded that
infiltration is a function not only of porosity and texture

but also of the soil structure and moisture content.

223.2 DREffect of surface conditions and cultivation,

Diebold (1955) found serious losses of water and soil
during the growing season due iec poor gurface soil condition
and to the presence of tillaze pang usually at depths of 3=8
inches,

Me Intire (1958), Tackett and Pearscn (1965}, stated that
formation of surface crusts reduced infiltration and
permeability, resulting in greater runoff,

Leopold {1974) likened the goil surface to a sieve made
of a very fine screen, 8imilarly, the =soil surface contains
many openings of varjous sizes. The wider the openings the
greater iz the infiltratior rate,

Williams and Allman {1969) observed that smooth, heavily
worked surfaces appear to act as a major limitation to

infiltration capacity.
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The impact of raindrope is known to cause sone soils to
crust thereby reducing water infiltration and impede aeration.
Cultivation is also known to improve the situation by breaking
down the surface crusts nd subsurface compaction.

Musgrave and Free (1936) found that surface cultivation
greatly increased the rate of infiltration which was associated
with an increase in the percentage of pore space.

Duley (1939) observed that the removal of a crust 0.3
inch thick increased infiltration from 0,25 to 1.6 inches per
hour,

Mannering and Meyer (196G) reported that destruction of
surface crusts increased infiltration by eighty percent (80%).
Similarly, Meyer and Mannerines (1961) found that destroying
surface crusts by cultivation increased infiltration.

Miller and Aarstad (1971) also reported that changing the
physical condition of the furrow either by incorporation of
straw or by a shallow cultivation resulted in greater
infiltration,

Deep tillage generally has a loosening effect on soil and
it is often believed to be a remedy for infiltration problems

thereby increasing the storage capacity, But subsequent



- 3~

shallow tillage during seedbed preparation has a net effect

of compaction on the ploush layer and therefore a large portion
of the increase in storage capacity ig lost by the time the
crop is planted,

Jamison (1956) poin%ed out that a2 moderate soil compaction
improves infiltration by increasing unsaturated conductivity,
The question that readily comes 40 mind here is how to lknow
the degree of compaction neecded to achieve what Jamison
proposed.

B0il crust plays a szimmificant role in modifying
infiltration of a particular soil. As a result of itas position,
a soil erugt is capable of masking the infiltration effects of
goil texture, soil structure, tillage practices and cropping
practices {Dixon, 1366).

Edwards and Larson {1965), Hillel and Gardner (1969)
presented analyses of crust effects on infiltration. Duley (1939)
setudying the facters affceting infiltration, concluded that
g0il crusting had a greater influence on intake of water than
o0il type, slope, moisture content or profile characteristica.
He pogtulated that this compact surface layer was apparently

the result of severe structural disturbance due in part to the



beating effect of the raindropg, and in pari to an aszorting
action as water Tlowed over the surface and the fine particles
were fitted ground the large ones to form a relatively non=-

pervious seal,

2.3.3 Effect of crop residues

A sound crop regsidue management programme can help to
alleviate a s0il crust problenm by improving soil physical
properties, increasing infiltratior and decreasing runoff,

This contention is sunported by data from many studies,
For instance {Duley and Russell, 1939) found that by leaving
erop regidues on the gurfgace, infiltration rate was greatly
increased, evaporation from surface soil was reduced, water
and wind erosion was alsco reduced.

Miley and Kelly (1939) also studied the effects of soil
tyres, slope and surface condition con the intake of water.
They found that different surface conditions had 2 far larger
effect on water intake than either of the other two factors.
They also observed that infiltration was greatly improved by
the uze of gtraw mulch in comparison with cultivated bare soil,

Borst and Woodburn (1942 and Free (1952) demonstrated

how runoff and erosion may be reduced by the wse of mulch.
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Kidder et, al., (1943) found that corn stover was more
effective in preventing surface sealing and thus maintaining
greater infiltration rates than soybean rcesiduces.

Working under natural rainfall, Gard et. al., 1956)
showed that soil loss from corm plots on 5 anmd 9 percent
slopes was more than 3 times greater when residue were removed
than when they were returned,

Williams and Doneen (1960} found that infiltration was 34
percent greater in tractor—travelled irrigation furrows where
corngtalk regidue was present than where there was no residue,

Mannering and Meyer (1963) observed that applications of
wheat straw mulch were very elfective in controlling seil
erosion on freshly ploushed plots during 6.25 inches of high
intensity rainfall applied at an intensity of 2,5 inches per
hour in storms over a 3~day poriod., This wes atiributed to
the milch'sg ability in intercepting the falling raindrops,
dissipating their energy and thus preventing detachment of
s0il particles and sealing of the soil surface while improving
infiltration.

Van Doren and Klingebiel {1952) showed that straw m&lched

plots absorbed 1.2 to 1,65 inches of simulated rain applied at a
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rate of 1.75 inches per hour whereas bare plots absorbed only
0,47 inch for a 60=minute period,

Lawes {1966) demonstrated that mulch cover maintains the
infiltration rate of soils at Lamaru, Kowal, (1970) also found
at Samaru that plant residues intercepted rainfall, absorbed
moisture and impeded the flow of runoff and thus effectively
controlled surplus water not yot absorbed by the soil., Lal
(1976b) working on an Alfisol reported that the runoff from the
bare plots was 16 times more than that from the mulched plots

due to reduced infiltration,

2.3 Effect of soil structure.

Soil structure and particularly the degree of aggregation
of the individual particles ic also an important factor in
determining water transmission, Fgually important however is
the degree of structural stability and the extent to which the
distribution of pore sizes may change with varying moisture
conditions.

O'Neal (19L9) from his experiment concluded that structure
seemed to be the most significant factor in evaluating
permeability but that permeability camnot be correctly evaluated

on the basis of type of structure alone, He suggested that



= B

other characteristice such as structural stability and their

relation to one another must be considered,

2.3.5 Effect of soil organisms,

The effect of soil organisms on infiltration must not be
overlooked, The presence of earthworms and other burrowing
creatures and the decgy of root systems may also influence
the number of non-capillary spaces withing the soil,

Hopp and Slater (1943) investigated the influence of
earthworms on infiltration, They found that where living
carthworms had been introduced and the soil surface protected,
infiltration rates were 3 to l; times higher than where living
earthworms had not been intrcduced or where they were
introduced but where cover conditions were unsuitable for
their survival,

Parr (1959) compared the cffects of subsoiling and
vertical mulching on bulk density. Bulk density was
gi;mificantly lower in the vertical mulched soil. This was
attributed to apparent increased earthworm activity and the
mixing of straw into the soil.

Dixon and Peterson (1971) stressed the great influence

of large pores on water movement in soils. They also showed
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that infiltration could be increased within a few monthe by
undigturbed earthworm activity.

At Samaru, increased infiltration rates in fallow were
attribvuted to earthworm activity which produced fragile water
conducting pores and channcls {Wilkingon, 1975), Fhlers (1975)
working on a loess soil and Wilkingon and Aina (1976) made

aimilar observations,

2.3,6 Effect of solutes and nature of soil profile.

Characterigtics of the infiltrating water and nature of
goil profiles are also factors thet affect infiltration. Most
water pasgsing the soil surface collects fine c¢lay and silt
yarticles and carries them in sucpension into the seil profile,
where blocking of small pore spacer may occur,

Infiltration rates have also been found to vary when
infiltrating water is contaminated by saltes, particularly in
very alkaline soils, 'This is because the salts affect not
only the vigcosity of the water but also the rate of swelling
of colloides (Musgrave and Holtan, 1964).

The stratification of a soil profile often results in a
considerable variation of hydraulic conductivity with depth.
Wh?re a ceoarse layer of higher saturated hydravlic conductivity

oveflieé g finer textured layer, the infiltration rate is



initially controlled by the coarse layer., However once the
wetting front extends into the finer layer, it is the latter
which controls the rate of water movement. If infiltration
ig prolonged, a perched water table may develop in the coarse
86il’ Just above its boundary with an impeding finer layer

(Hillel, 1971).

243.7 Effect of goil air

The effect of entrapped air on infiltration is most often
neglected, It is sometines nssuned that the air escapes
easily and that atmospheric conditions prevail. It is also
assumed that the viscosity and density of air in comparison to
vater are negligible,

However entrapped air has been found to influence the
movement of water throuwsh soil (Slater and Byers, 1931; Baver
1937)s If the scil is initially (ry, wetting the soil will
entrap air in the coarser pores, In fact even if the soil was
initially moist, some of the air present in the wide pores may
become entrapped. The recult of this is that the pores are
blocked and slow up the passare of water through the soil,

Powers (193L), Free ond Palmer (1940) observed that the

rate of infiltration of water was reduced when pore=air was not
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free to escape from the colums,

Christiansen (194}) found that entrapped air caused a
large reduction in permeability compared with fully saturated
soils. The presence of air in the soil resulted in permeability
values being affected by variations in pressure and temperature,
He also observed that the increase in volume of entrapped air
with increase in temperature reculted in a relative decrease
in flow, which partly compengated for the increase in flow
due to the decrease in viscosity of the water.

The maximum effect of trapped air seemed to be more felt
in pores of intermediate sizes, However with time, the air
bubbles will dissolve in the water and diffuse into the
atmosphere,

Pillsbury and Appleman (19L5) maintained that the trapped
air can be removed only by solution in the water percolating
through the soil. They went on to say that, the ease with
which the air is dissojved depends on the capacity of the water
to absordb air, the time of contact and the amount of percolating
water passing through per unit amount of trapped air.

Permeability therefore can reach its highest peint only

after the trapped air is removed from the soil pores by
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golution in the percolating water.

Wilson and Luthin (1963) came to the following conclusions:

(a)

(b)

(<)

displacement of air by water during infiltretion is
not an isothermal process.

during infiltration into homogeneous columns, the
air pregsure is greater than the atmospheric
pressure with the greatest differencee occuring
durings the initial phases.

during infiltration into columnsz containing barriers
that are impermeahle to air flow, the air pressure
increages continously and approaches a nmaxismm final
value while the rate of infiltration decreases and

approaches zero as limit,

In pummary, it can be said that the gbility of a soil

to allow water to infiltrate depends on:

(a)
(v)
(c)

()

condition of the soil surface,

conditions within the cultivated layer,

g0il profile characteristics below the cultivated
layer, and

moisture content of the soil at the time of water

epplication (rain or irrimation).
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2.l HMethods of Measuring Infiliration

Degpite the great significance of infiltration in the
hydrological cycle, only a limited data is availadle in some
locations and none in others, The posaible reason might be
cormected with a lack of easy and quicl methods to estimate
the infiltration rates that occur under natural conditions,

Infiltretion determinations on disturbed and undisturbed
goil samples have beeﬁ wade by some workers. Fireman (194L)
| was 01 the opinion that uwsing disturbed samples in the
laboratory could save time and noney. These however have been
of 1ittle or no use for field applicalion by the practising
hydrologist. In fact their results may be s¢ far from natural
field information that they may Le misleading (Harrold et. al.
1976).,

At present varicus methods are used to measure infiltration
rates. These can be distinguinhed with respect to the way water
is added, the marmer in whicli the area for weasurements is
delimited and the manner in which the measurements are made.
Sorme of these methods include:

(a) Fetural rainfall - runoff plots.

() Rainfall similation infiltrometers,
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(¢} Ring infiltrometers.

(2) Pasin method.

2aliatt Runoff plots.

They are used to measure runoff and soil losgses due to
vater erosion. Increased runofl is an indication of reduced
infiltration and runcff plots may he used to measure infiliration
indirectly.
The runoff plots are usually brought to a crust-=free
seedbed condition although nothing is planted. The slopes
are also known, The Universal Gtandard Plot ctherwise called
the Unit Plot is usually 72.5 feet long and has 9 percent
slope. The difference between the amount of precipitation and

runoff iz usually taken as the amount of infiltration.

2.41+2 Rainfall aimulatioqfﬂnrinkling infiltrometers

Th{s method uges artificial rainfall applicd from ﬁn
overhead sprinkling system, congisting of epraying nozzles.
The noszles may point upward or Jdownward and the intensity im
usually controlled. PFPor the method to be vérj effective, it
miat have the following charscteriaticss
(a) the distribution of drcplsizea met be uniform over the

plof.érea.
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(b) the artificial rainfall mst be similar to the nétural
rainfall being simulated in reepect of drop size, drop
velocity, intensity range and total energy value,

{(c) the plot ares must be large enowsh to sample the population
and give reproducible reoults.

(¢) "™e artificial rainfall mugt be applied not only to the

plot but also to an adequate buffer area around the plot.

The difference between the application rates and runoff
iz often itaken as the rate of watler intake., Nevertheless, the
fact that rainfall simulators cammot meet some of the stated
characteristics adequately makes this method lesgs effective,
llence many of the infiltration data reported using this method
hagve little value toward agronowmic application.

' Wilns {1943), Diebold {1951), Myers (1952), Barnes and
Costal {(1957) and Bertrand and Parr (1961) described various
types of sprinkling infiltrometers., Smith and Leopold {1942)
uged the North Fork rainfall applicator to investigate
infiltration rates for certain soils. Their investigation
showed g highly significant positive correlation between the
final infiltrstion rate and versetal density. The rate of
infiltration alzo showed a hichly negative ¢orrelation with

dispersion ratio, amount of disperged clay and silt plus clay.
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241¢3 Ring or Cylinder infiltrometers.

Here a constant head of water is maintained and the rate
of fall of the surface of water ponded on the soil is taken as
the rate of water intake. TUsually under most conditions rate
of intake is much greater than the rate of evaporation and the
error from evaporation can be neglected,

There are various types of cylinder-~type infiltrometers.
They include:

(a) single eylinders
(v) mltiple cylinders
(c) weighing lysimeters

(d) drainage lysimeters,

The metal rings normally used are driven into the soil
to depths ranging from 3 to !} inches to more than a foot, so
that lateral flow of water from the rings is reduced to a
minimmum,

In the past, single rings were used and many of the data
indicate a high degree of variability. This is probably due
in part to the uncontrolled lateral movement of water from the
ring. To correct this anomaly, double-ring infiltrometers were

introduced, so that lateral flow could be minimised by means
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of a buffer area surrounding the central compartm-nt. Infiltration

rate measured inside the inner cylinder is usually taken as being

indicative of the vertical component of flow,

Marshall and Stirk (1950) studied the effect of lateral
movement of water on infiltration rate using both buffered and
unbuffered rings ranging from 1-10 feet in diameter. They
found that buffered plots save nmore consistent results. They
#lso observed that the spriniled buffer area was effective in
preventing a serious amount of lateral flow for a wide range
of soil textural conditions,

Aronovici (1955) obtained similar results for small rings
varying in diameter from 2 to 30 cme Purgy and Inthin (1956)
however reported resulte which indicate very little difference
between buffered and unbuffered area but their study involved
s0il of relatively high initial moisture content.

This method like others has its limitations, These
include:

(a) Placement methods: Insertin: ringz infiltrometers often
cauges a certain degree of disturbance of natural structural
conditions. The resulting shattering or compaction may
cause a large variation in infiltration rates between

replicated runs,
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(b) The interface between the n0il and +the side of the metal
ring may cause unnatural neepase which may result in
abnormally high infiltration rates., This can however
be improved by leavin: the rings in place for some time
before measurements arc male,

(c) Constant head of water .:ny not allow the entrapped air
inside the soil column to escape, This may result in
impeded downward movement of water (Christiansen, 1944).

(d) fThe fact that surface soil is protected during measurement
does not actually show the true situation when the soil
ie exposed to direct beatin~ of the rain. The latter
condition is likely to cause reduced infiltration as

some of the conductins pores may be scaled on the surface,

24443 Basin wethod.

This method employs a technique similar to the large ring
devices, though larger areas are used, Ugually, areas as large
as 10 square feet or sometimes about a quarter of an acre are
used, They are often proviced with a border arrangement so that
water can be impounded in the basin.

Parker and Jenny (1954) used 0,22 acre bagin plots to

investigate water infiltration and related soil properties as
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effected by cultivation and organic fertilisatior on land of
reaponably wniform shape. Huberty and Pillsbury (19&1) uged
bacin plots of 150 square feet to avaluate factors influencing
infiltration rates for some California soilz. Irrigation woter
was applied to a height of /i inches above the ground surface.
Pillgbury (1947) also used J-feet sguare basina, Water
was supplied through a hosc, About 2-4 inches of water was
surplied in a pericd of less than a mimite and infiltration

was recorded,

Of all these methods, the one used in the pregent gtudy
waa the double cylinder infiltrometer. This was mainly hecause
ol" the ease of obtaining the instruments and water supply and

also because the cost was low.



CHAPTER 3
MATERTALS AND METHOD

3.1 Bite Degcription,

The experiments were carried out at Samarmy (11° 11 N,
7° 38' E) in the Northern Guince Savanna Zone of Nigeria with
an average anmmual rainfall of about 14100mm. The climate is
characterised by one well defined wet season which normally
beging in April/May and ends in late September and sometimes
early October. The dry season on the other hand lasts for
about 5 months with low relative humidity and a drying north
east wind.

The climate of the zone has been deporibed by Walter
{(1967), Kowal and Kessam (1978), the vegetation by Keay (1959)
and Ramsay and de leeuw {1966) and the pattern of agriculture
by Watson (196L) and Goldsworthy (1967).

Samaru eoils have beon classified as ferrugioue tropiecal
g0ils according to D'Hoore's classification system for Africa
(Tomlinson 1965), and ag inceptizols (Great Group: TPypic Ustropept)
according to the U.5.D.A. system (Harpstead 1973).

The particle size analysis carried out {on the site of the

main cultivation experiment), chows that the surface texture was

- 50 -
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sandy loam. This agreed with the description of “awes (1961).

The surface so0il is underlain by a heavier textured subsoil which

varies from sandy clay loam to sandy clay.

Table 1 shows the result of the particle size analysis.

Table 1t #*Soil Particle Size Anslysis

- o -

Jepth (om) @ B8and 9811t {1 Clay Class
0-5 80 8 12 sandy loam
5-=10 81 7 12 sandy loam
10-20 75 8 17 sandy loam
20~30 63 8 29 sandy clay
30-60 52 7 L1 sandy clay
60=90 L7 9 Ll sandy clay

# The International system of classification was used
for this analysis, i.c. the borderline between silt

and clay was 20 microns,

3.2 Infiltration Measurements

The following materials were used for the field
experiments:
Hing infiltrometers with the following dimensions were

made from metal sheets:

e

loam
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Height Diameter
Tnner cylinder 35 om | 30 em
Outer cylinder 30 em 60 cm  (The design and

type of material were copied fyrom the specifications given by
Bertrand (1965). Other equipment used included a measuring
device, looking mirror, buckets for caryying water, 6,7 kg
wooden hammer, baft cloth, driving mwetal plate and wrist=watch,.
Regdy-made ring infiltrometers would have been too costly to
purchase and with the limited time and funds available loeally
marufactured rings were used and found to be adequate.

The meaguring device was alse made loecally, by passing a
ruler through twe parallel metal strips, one ahove the other
into a flat round wooden float which was about one inch thick
(ig, 3)e The free movement of the ruler between the metal
strips = and the bouyancy of the float help to overcome the
glight friction between the ruler and the metal strips, The
woodenh float was painted to prevent water from scaking into it.
Figures 3 and }; show the measuring device and the positioning
of the ring infiltrometers in the field,

In the main cultivation experiments, measurements were

made at the midpoint of cach plot in the 5th interrow for
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the firet set of measurement, and 18 metres from the eastern end
in the 3rd interrow and on the 3rd ridge for the second set.
Por the third set, measurements were made at 22 metres from the
eastern end in the 3rd interrow and on the third ridge. Lastly
for the fourth set, measurements were made at the mid point of
each plot in the Sth interrow and on the Sth ridge after
cultivations in 1979.

At these positions, the outer cylinder wag first set
in place and firmly presged into the soil and the driving
metal plate placed on the ¢ylinder, One person was made to
gtand on the metal plate and the cylinder was driven into the
soil by tamping the metal plate with the wooden hammer.until it
hat gone into the soil to o depth of 7.5 cm, o

The irner cylinder was tien placed centrally inside the
outer one and driven into the soil like the former onc but to
a depth of 10cm. Care was talken to avoid unnecessary soil
disturbance and to0 engure verticnl penetration of the cylinder.
Turing the dry season, the measurement positione were normally
wetted about twenty-four hours before the start of the experiment
to scften the ground., This was done only during the third set of

meagurements.
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#}ter inserting the cylinders, the baft cloth was placed
ingide the central eylinder to prevent puddiing when water was
being“ﬁdded. Water was added first to the buffer zone to a
depthﬁ@f about Scm, The depth of water in this zone was not
critical tut it was always topped up whenever the depth of water
fell below 2,5cm,

Immediately after addins water to the buffer zone, the
central cylinder was filled with water to a depth of about
T+5cm, The level was quickly read using the measuring device and
the time recorded using a wrist-watch. It waz agsumed that the
Tilling was instantaneous and the first reading was at time zero,
To reduce errer due to pavallax, a looking mirror was used in the
readings., This ensured that the scale was always viewed
horizontally (Fig. 5).

Readings were taken at 15, 30, 60, 120, 180 and 240
minutes after time zero. Whon the water level in the imner
oylinder dropped to about liem above the soil surface, sufficient
water was added to return the water level to about the starting
position, Time and level of water immediately before and
immediately after toppins up were recorded. Cumulative
infiltration was calculated as the total drop in water level up to

the times specified above.



Fig.5 : LOOKING MIRROR AND GRADUATED RULER
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Infiltration measurements were carried out on one block
per day i.2., on one plot of each treatment. The infiltrometers
| were get up one after the other on each plot so as to give
enough time to0 take the realdincs one after the other., The time
interval depended mostly on the rate at which the labourers
supplied fhe water, It must be noted that only one measuring -
device was used which was moved around all the plots, 'The
edges of the cylinders were aleo marked to ensure that all
subgoquent measurements were made at the same point on the
cylinders.

Curves were drawn in order to find out the relationship
betwsen cumulative infiltration and time. The curves looked
straight at about the third hovr and in some cases after only
the second hourj hence it was assumed that the measured
infiltration between the 180 and 24,0 minutes was the equilibrium
infiltration rate,

The times at which equilibriun rates are reached may in
fact differ depending on the soilfg initial moisture content,
However the changes in infiltration rate after 120 minutes were
g0 small that it was assumed that the rates between 180 and 240
minutes were adequate approximation to the equilibrium infiltration

rates in all cases,
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3.3 Aggremate Stability Measurement.

The materials for this test included so0il samples from
selected treatments, sieves of different size openings (Bmnm,
2mm, 1mm and O.5mm); bucket and a beakere. The method used here
is a modified form of the one described by Kemper and Chepil
(1965). The modification was due to the unavailability of a
Yoder mechanical machine for raising of samplee in water,

On the selected plots, =six sauples were taken from sach
plot at 0 - 2.5cm using a sampling ring. This was done (on the
main cultivation experiment only) at four weeks after planting
in 1979. The s¢il samples were ftaken when the soil was fairly
wet. Samples from different plots of the same treatment were
tulked and sieved at the field moisture condition through an
8mm gieve, and later air-dried,

Wet sieving began with placing S0 gram subszmples of the
Omm oil samples on the sieve and wetting gently. The sieve was
then raised up and down manually at a rate of thirty times per
mimite in water, A big beaker was submerged in the bucket of
water to siandardise the depth to which the downward strokes went
which was about liem., The essence of the method was to simulate

to some extent the digintegration of soil aggregates caused by



raindrop impact., The residuve on the sieve was carefully
collected, oven dried, weished nnd calculated as percentage of
the initial weight of soil. The initial moisture content of the
air dried soil was very low and would have had a negligible

effect on the results. For each treatment the test was done in
duplicate for each of the three sieve sizes (0.5, 1.0 and 2,0 mm).

The results can be seen in Table 22,



CHAPTER L4

MAIN CULTIVATION EXPERIMENT

Le1  Background of the Fxperinment.

The main experiment in which measurements were made was a
cultivation experiment thal waz already two years old on a site
degisnated ag R - Block on TAR farm, The site has a gentle glope
of about 2% and had been under fallow for a considerable number
of years before the experiment sinrted.

The experiment compares a limited munber of cultivatibn
practices chogen to represent the range that can be found in
the Horthern States of Wigexia., The main treatments are
essentiaglly different cultivation systems namely: a manual
system, a bullock-powered sysiem, a variety of tractor-powered
systems and a system of zero tillaze., Thesge are designated as
I, BL, mechanised treatments (DF, DR, DI, DP, CP and MB) and
ZT respectively, i.e. there were nine treatments in alls

Bach of the treatments was replicated eight times
(isc. 8 blocks) giving a total of seventye~twe plots. Rach plot

was forty metres long and 8 metres wide,
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The treatments were arranged according to a balanced
3 x 3 lattice, although for the purpose of statistical analysis
the experiment was treated as a randomised complete block
design.

Brief details of the cultivation operations since the

experiment started are given in Tables 2 and 3.

Table 2: Details of cultivation operations

Treatment Power Cultivation operation Ridze Residue
code source or flat management
planting

HR Manual Ridzin: with hoe (1977), Ridge Removed
rid ¢ splitting over the (1977, 1978).
furrows (1978 and 1979)

BL Bullocks Ploughing, harrowing Ridpe Removed
ridging (1977). Ridge (1977, 1978)

splitting and remoulding
(1978, 1972)

DF Tractor Dise ploushing, dise Flat Removed (19?7)
harrowin  and spring incorporated
tine cultivation (1977). (1978)

Disc harrowins, spring
tine cultivation (1978,

1979)
DR Tractor Dise ploughing, disc Ridge Removed
harrowing ridging (1977), (1977, 1978)

disc harrowing and
ridging (1978), ridge
aplittin, and remoulding
(1979).
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Table 2: Contd. )

Treatiwent Power Cultivation operation Ridge Residue

code pource or flat management

planting

II Tractor Digec ploughing, disc Ridge Removed
harrowing and ridging (1977),
(1977), diec harroving incorporated
and ridping (19785 1979). (1978).

op Tractor Digec ploughing, disc Ridge Removed (1977),
harroving ridging (1977, incorporated
1978, 1979). (1978).

MB Tractor Mouldboard ploughing Ridge Removed {1977),
dige harrowing incorporated
ricging {1977, 1978, (1978).
1979)

CP Tractor Chigel ploushing (197?), Flat Removed
dise ploughing (1978), (1977, 1978).
subasoiling (1979), all
followed by disc barrowing
and gpring time cultivation.

A - Use of herbieides (1977, Flat Removed

1978, 1979) with
occasional hand pulling
of tough grasses.

(1977}, left

on the surface

(1978).
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Table 33 Details of depth of cultivation operations

Treatments Average maximum depth of primary cultivation (cm)
200 1218 1212
HR 11 11 "
EL 13 M 14
P 15 8 9
I 15 8 18
DI 15 8 9
DP 14 17 17
MB 14 1k 18
cP 28 17 31
7 - - -

* 1M = 1ot measured.
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Le?2 Results and Discugsion,

Le2,1 Infiltration at § weeks after planting - 1978

The results and discussion of other measurements apart
Trem those of the main cultivation experiment will come later.
Curmlative infiltration was not analysed statistically but the

L hour) wag. This was because the

equilibrium rate (3¢ -
equilibrium infiltration rate is a more characteristic property
of the goil than cumulstive infiltration and is preferred for
assegsing the effect of different cultivation.

Results in Table I} are memns of B measurements taken in
the interrow position. The full datn are given in Appendix 1.
In spite of the great variation hetween replicates within each
treatwent, the differences between treatments are really striking,
It is obvicus that the HR treatment was the best. The result of
statistical analysis (Table 5) also shows that lil was significantly
different from all other treatments at 5%. It aleo shows that ZT
and BL were significantly different from the mechanised treatments
at the same level, These measurements incidentally wers taken
st the peak of rainy scason in this area (i.e. July = August).

The mechanised treatments appear to be very detrimetsl to

water infiltration. For the first thirty minutes of the infiltration
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run, and taking the average of the mechanised treatments as

the reference point, the manual system of cultivation (HR)
was 8 times better while the lmllock-powered (BL) and zero
tillage (2T) systems were 3 times better. A similar trend
was observed even at the end of the L=hour duration. From
these, it is apparent that the mechanised treatments would
suffer more soil loss than either bullock -~ powered, zero
tillage or mammal system.

The results of the first 30 minutes observation suggest
that if there was a storm of about 15mm in 30 minutes, which
is not uncommon in Samaru, there was the likelihood of surface
runoff and possibly erosion occuring in the plots that were
mechanigsed, The situation is likely to be worsened when the
goil is exposed to the direct beating action of the rain that
often causes slaking and consequently blocking of the conducting
pores.

Dunham (1978) (personal commmication) recorded some
visual observations of these plots on 27th August 1978 at
the end of a storm that lasted for about six hours. The
rainfall recorded that day was 12.0mm and 15.9am for the previous

day (i.e. 26th August). This date was close to the time at which
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the infiltration measurencnts were being taken. He obsgerved
that there was very little water standing in the interrows of
HR and it did not form a continuous pond, In the bullock—
powered (BL) there was more water in the interrows than in the
HRe The standing water was enough to cause a continuous
narrow pond,

In the system of zero tillage (ZT) there was virtually
no standing water, The mechanised treatments can be divided
into twoj3 viz the ridped and the flat treatments. In the
ridged treatments, therec wac water in virtually all the
interrows often formins a decp continuous pond. As for the
flat treatments (DF and CP), there was water lying on the
surface in many places. These visual observations are actually
in line with the results obtained from the experiment suzgesting
that the infiltration measurements adequately represent the
s0il's behaviour,

Cne of the soil's propertizs sometimes associated with
infiltration is the bulk density, The results of the interrow
bulk density measurements (Table 6) made by Dunham (personal
commnication) in 1978 showed no significant differences between
the treatments, although there were large differences in the

cumilative infiltration,
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A possible reason ig that the tractors used in the
cultivation might have caumced a zignificant compaction at the
bottom of plough layer which was not detected by the bulk
density measurements. Anolher reason may.be that the tractor
powered operations caused great digcontinuity of major
conducting pores between topeeil and subseil. Finally
elimination of commecting macropores even within the cultivated
loyer may be responsible,

One would expect the water intake in the zero tillage to
be higher than any of the other cultivated plots. The
underlying reasoning being that digturbance of the conducting
pores was at the barest minimum. However the hoe ridging was
about two times superior to ZT. An explanation for this would
be that the surface of the zero tillage plots were already
crugsted due to the beatin action of the rain, Surface crusts
are known to be detrimental to water intake but they can
usually be removed by light culiivation. Por example, at
Samaru Kowal (1972) found that infiltration rates with a seil
crust about 7,5mm thick, gave values ranging from 8mm to 13mm/hr.
However, when the crust wap removed, infiltration rates increased

to between 18mm and 30mm per hour,
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It was probably the thin compacted surface that wag
removed by heoe ridging that wmade water intaske better than on
zero tillage., Murthermore, zoro tillage systems do not provide
the opportunity to c¢orrect previous damage done to soils caused
either by trampling or traflfic during harvesting by the previous
year, In fact there are some soils which lack the required
number of large pores. In such casges cultivations may be
employed to improve the gituation,

Another point that deserveg wmentioning in this measurement
ig that infiltration in BL and Z7 are equal. The former was
expected to be better than the latter due to the reason already
mentioned (i.e. crust on the surface of 2T plots). The low
infiltration in BL may be becanse the bhenefits obtained by
remoeving the crust was probably destroyed by breaskdown of
Btructurgldue to trampliry; by lhe animals used in cultivation,

| &he fesult of the statistical analysis shows that there
wags no eignificant difference between the mechanised treatments.
The DI' and DI were a little above others for unknown reasons.
A clear picture of the relaticnship between the treatments can be
seen in Fig 6 in which the mechanimed treatments are averaged for

convenience.

o, cT T e
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Table 42 Cumulative Infiltration (mm) at 8 weeks after
planting in 1978 (interrow position)

Treatments Time from start of infiltration
15mins 30mins 6O0mins 120mins 180mins 2L0mins

HR 33 56 92 142 189 233
BL 11 21 35 €1 85 107
DP 8 13 22 35 L6 56
DR I 6 9 1 17 20
DI 6 10 15 2l 33 L1
DP L 5 7 1 1 17
MB 3 5 8 11 13 15
cp 3 5 8 12 15 18
2T 13 21 3 59 82 103

Table Ss Equilibrium Inliltration Rates (mm/hr) at 8 weeks
after planting in 19780 (interrow position).

Treatments Mean eguilibrium infiltration rates mm/hg.
Raw data Log transformation
HR Ll 3.546
BL 22 2.572
DF 10 1321
DR L 1.053
DI 8 1.514
DP 3 0.900
MB 2 0.535
cP 3 0,900
XT 22 2,699

Notes The mean of the log transformations is not necessarily equal to
the log transformation of the mean of the raw data. Thus the
ranking of treatments according to the raw data means may not
always be the same as the ranking according to the log
transformation means, Examples of this apparent contradiction
can be seen in Table 5 and elsewhere,
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Analysis of variance (log transformation)

Source of variation defs Ha58, M.S, P
Replicates o 7 21,296 3.042 ). 062
Treatments 8 6T7.816 B.L4TT 12.823***
Error 56 37.021 0,661 L
Total M 1264133

LSd(O.OS) treatment = 0,813
Notes

For the analysis of variance here and throughout, the raw
data were tranaformed to natural logarithms due +o the very
wide range of the measurementsz. Thus the coefficient of
variation was reduced to acceptable limite, Tor example the
coefficient of variation for the raw data above is 120% while
that of the log transformation is 48%, This is fairly high
thougsh,

##* Significant at 0.1%

Table 6: Bulk Density Measurements g/cm3 at 9 weeks after
planting in 1978.

Treatments Row Interrow
o o=6cm 10-16cm 0-6en
HR 1,27 1,38 143
BL = 1.23 1,47 1445
DF - 1.37 1.52 Telily
IR : 1.26 1446 ' 1.4
DT S 1425 1.47 1.1
P 1.26 1.52 142
MB ©1.30 _ 149 1.8
cp | 1439 | 1.52 1.49
X1 143 1.k 1.43

D 0.08 0410 0.0
18 (0,05} - !
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he2.2 Infiltration at 1l weeks after planting - 1978

Table 7 gives meagsurements made in the interrow, but unlike
Table L, the results in Table 7 are means of 4 replicates only.
The results of the statistical ananlysis for the equilibrium
infiltration rates for the interrows and rows can be geen in
Tables B and 10 reapectively. Table 9 gives measurements made
in the row poeition.

Table 7 ghows that there wns a general increage in
infiltration in all the treatwenis as compared to the
neagurenents at § weeks after planting. A critical look
hewever shows that the proportionate increases were not the
same in all the treatments. For instance while HR, BL and ZT
increased ghout 2, 2 and 3 times respectively, the average
increase for mechanised treatments wag about B times. This ie
fairly difficult to explain. The results of th statistical
analysis {interrow position) also show that there was a
gignificant difference between HR and DI HR and MB; HB and CP
at 100 level of sgignificance. Similarly, the results of the
statistipal analysis (row position) show that there was a
pirmificant difference between HR and 2T and between HR and

all the mechanised treatuentz at 5% level of significance.
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Also BL was signifiCaﬁtly different at 5% frem =1l the
mechaniged treatments except CP. '
The reason for the general increase in infiltration may
however be due to the time interval allowing roots to open up
new channels for water passage. Another possibility is that
the activities of soil orpanicms produced an improvement in
goil structure. Yet another possibility is that the soil at
this time was drier than it wazs at § weeks after planting.
Initially at least, the soil would take more water when it ie
dry than when it is wet. But it mast be noted that the
treatment differences in Table )y were much larger than in
Table 7. It can also be said that the mechanised treatments
 benefitted more from the general increase than other treatments
In texrms of the fotal water intake, HR was still the
beste. The 2T also improved considerably probably becaunse the
plant canopy helped to protect the so0il surface from further
beating action of the rain.
| One striking result of the 1l week measurements in the
interrrow is that one of the mechanised treatments (DF) caught
up with BL., In fact it was the highest among the mechanised

. treatments cven at 8 weeks after planting., The reason that can
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be aavanced is that therc was washine of soil faiom the rows
into the interrows in other mechaniged treatments that were
ridmed. This undoubtedly could cause a significant decrease in
infiltration in the intcrrows. Unlike the other ridge
mechanised treatments, " was left {lat, It was thus not
gubjected to washing from the rowe into the interrows. Az for
the CP which was chisel plounghed and also laft flat, the
infiltration though a bit low, waz not too far behind DF.
Cultivation was deeper here than DF which suppests greater
disTuption of the conducting poves in the lower horizon, eventhough
the CP t;eatment was gupposel 1o increase subsoil conductivity.
This goal was apparently not quitie achieved.

The soil at this time was capable of accepting occasional
high amounts of rainfall characteristic of thig area
(Table 12)., The assumption is based on the amount of total
infiltration for each treatment and the frequency of exceptionally
heavy storms. Por instance, for the 2h-~hour totals of the
rainfall data analysed, there wefe only twe occcagiong when
rainfall was greater than t100mm in one day in the past 50 years.
The pregence of crop canopy will alsgo help in protecting the
goil from direct beating of the rain thus making the soil to be

more receptive.
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. The degrece of variation hetween the treatments can be seen
in Tigure 7. The mechanised treatments have been averaged again.
Tables 7 and 9 show cumilative infiltration at the row and
interrow positions. The results show that the rows were better
than the interrows except in DF and ZT7, The CP treatment was
expected to follow a similar pattern to DF and 2T but this was not
g0 and the reason is not very clecar., The results of the statigtical
analyeis (Table 11) show that there was a sigmificant difference
between row and interrow of DI and DI at 10% level of significancé.l

The reason for the big difference in DI 1s also not very cleare

Table 7: Cumulative Infiltrotion, {mm) at 1)) weeks after
planting in 1970 {interrow position).
Tregtments Time from start of infiltration

15mins 30mins 6Oming 120mins 180ming 240mins

i1 56 97 163 26 358 LT
BL 28 L5 73 132 181 230
7 34 56 83 1h1 195 2hl
IR p0 32 53 78 101 122
DI o 15 2l 35 53 70 85
P 21 32 50 81 107 130
MB 18 3l 62 100 132 164
CP 31 50 06 127 163 198
ZT L8 78 118 190 259 326

Notes The full data are given in Appendix 2,




Table 8: Equilibrium Infiltration Rates (mm/hr) at
1 weeks after planting (interrow position).

Treatments Mean equilibrium infiltration rates (mm/hr)

Raw data 1o transformation
HR 90 L.102
BL L9 3.481
DF 50 3.703
DR 22 3,016
DI 16 2,070
P 2l 2.942
MB 32 2.726
CP 3 2.407
zZ7 67 L4159

Analysis of Variance (lo; transformation).

Source of Variation d.f. 8.8, M.S. F
Replicates 3 7544 2.514 2.462
Treatnents B8 17.163 24,145 2,101
Error 2l 24,500 1.021

Total 35 49,206

Lsd(0.1) treatment = 1,222

C.V. (Raw data) 39.T¢
CeVe (log transformation = 31,89
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Table 93 Cumlative Infiltration (mm) at 14 weeks after
planting in 1978 (Row position)

Treatments Time from stairt of infiltration.

16ming 30mins 6O0mins 120ming 180mins 24Oming

HR 99 173 303 L77 643 802
BL 63 110 190 296 1393 L85
DF i 19 25 37 LB 59
m 29 L6 68 101 132 163
DI 27 us 68 115 158 199
DP M 18 69 103 133 160
MB 33 5, 88 133 170 202
CP 36 60 107 170 227 281
VA 38 62 108 171 229 28!,
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Table 103 Fquilibrium Infiltration Rates (mm/hr) at
1l weeks after planting (row positio: )
Preatments Mean egquilibriwn infiltration rates (mm/hr)
Raw data Top; transformation
HR 159 1.,983
BL 92 44379
F 10 2.223
DR n 3,038
DI L1 34230
P 27 2.9
MB 32 3.278
CP 55 3.L67
27 56 3.885
Analyris  of variance (log transformation),
Source of Variation d.f. S.8. M.S.
Replicates 3 7.98L 2.661
Treatments 8 21,586 2,698
Error 21: 1 30 05':" 0.51#'4
Total 35 42,626

LSd(O.OS) trc:;tment = 1.08

Wt = gignificant at O.

C.V. (Raw data)
C.V. (log transformation

1%

= 59.L%

I
n
—
-

1
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Table 11¢ Equilibrium Infiltration Rates (mm/hy) at 1L weeks
after planting in 1978, Row (R) and Interrow (IR)

comparison),
Treatments Mcan equilibriwm infiltration rates (mm/hr}.
Raw data Lo trangformation
b iR R R
HR 159 90 4,983 Y4102
BL 92 L9 Lo 379 3.481
T 10 50 2,223 3.703
IR 3 27 3,038 3.016
n 'y 16 3.230 2,070
P 27 2l 2.9 2,942
o mB 32 32 3.277 2,726
QP 55 34 31467 2,007
2T - 56 67 3.885 L.159 ‘
Analysis of varinnce (log transformation)
Source of Variation d,.f. Gl e M.S. F
Replicates . . 3 . 13,566  L.522 5.84
Treatments 8 27.266 3,408 L Lo
Position : 1 1,768 1.768 2,28
Tregtment x Poeition 8 11,481 1435 1.85
Error 51 - 39,518 0.775
Total S 93,601

Lsd(o 1) treatment x position = 1.040

we pignificant at 0.1%
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Table 12: Analysis of Damaru rainfall data. Frequency of
2l; = hour totals sreater than 25mm.

Year 25-50mm 50=75mm 75~100mm 100~150mm ~“150mm Total Days of
amount rainfall
in the in the
year(mm) year

1928 10 2 1 - - 1262 97
1929 13 2 - - - 1292 100
1930 8 1 1 - - 1047 96
1931 1l 2 - - - 1198 B6
1932 15 2 - - ~ 1198 82
1933 1 3 1 - - 1322 101
1934 11 1 - - - 1079 89
1935 9 - - - - 996 98
1936 1 2 - - - 1150 91
1937 10 2 - - - 983 86
1938 10 - 1 - - 987 93
1939 11 1 - - - 1129 101
19,40 7 - - - - 911 78
1941 8 2 - - - 1034 83
1942 6 2 - - - 936 75
1943 18 3 - - - 1273 91
1944 8 3 - - - 929 69
1945 8 - 1 - - 98l 86
1946 17 3 1 - - 1425 97
1947 12 3 - - - 1150 90
1948 - - - - 897 92
1949 9 1 1 - - 989 76
1950 5 1 - - -~ 899 82
1951 10 2 1 - - 1160 96
1952 13 - - - - 1106 85

1953 14 2 1 - - 1156 83
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Table 12: Contd,

Year 25«~50mm 50=75mm 75=100mm 100=150mm >150mm Total Days of
amount rainfall
in the in the
year(mm) year

1954 14 5 - - - 1482 98
1955 20 1 2 - - 1345 98
1956 11 2 - - - 930 8l
1957 18 3 - - - 1395 i
1958 9 1 - - - 889 76
1959 8 3 1 -~ - 1064 8s
1960 2 1 - - 1091 91
1961 9 - 1 - - 82, 78
1962 16 - 1 - - 1302 96
1963 1 1 - - - 1091 85
1964 8 2 1 - - 1055 85
1965 13 - - - - 978 83
1966 10 3 1 - - 1332 100
1967 1 - - - - 968 85
1968 9 1 - - - 1059 85
1969 9 2 - - 1 1218 93
1970 13 1 - - - 9,8 76
1971 11 1 - - - 88l 71
1972 6 1 1 - - 907 75
1973 12 2 - - - 974 69
1974 7 3 - 1 - 1115 89
1975 10 1 - - - 989 88
1976 1 1 - - - 1196 88
1977 T - - - - TL6 70
1978 1 1 - - - 1149 86

Source: Meteorological Office I.A.R., Samaru



- 8l -

lle2.3 Infiltration just before the start of rai.y season {1979).

The results of measuremonts made in March 1979 can be seen
in Tables 13 to 17.

As in the neasurements at 14 weeks after planting, the
results in Table 13 are means of ! replicetes measured in the
interrows. The results show that hish curmlative infiltration
wag maintained as it was at 1L weeks after planting {compare
Tables 7 and 13). In fact there was much less difference
between these two sets of weamrements than between those at 14
and 8 weeks after planting (compare Tables 4 and 7). Cumulative
infiltration in the interrow in some treatments like Uk, D, DP and
CP even dropped. Those thnt increasged did so negligibly.

These sets of infiltration meagurcements were carried out
in March 1979 when the soil profile was at its drieast. One
night therefore have expected infiltration rates to be much .
higher than at 1} weeks after planting because the goil moisture
content was lower., The small difference observed may be connected
with the behaviour of dry soils when water is suddenly added.

When this occurs, air bubbles nmay be entrapped in the coarser
pores, 'The result of this ic that the pores will bhe blocked and

infiltration reduced considerably.
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Russell {1973) wrote interaliat "the crumbs and walls of
tlie coarse pores in some soils may colliapse spontaneously on
wetting, and this is particularly liable to happen if a dry
poil is suddenly flooded . o « » *  All these point to
possible explanations of the small difference between the
measurements at 1 weeks after planting and those at the end
of dry season when soil meisture content was very low.

One other reason that can be consgidered for the slight
difference between the two measvrements is that at the end of
dry season when goil moigture content is low the activities of
the s0il organisms may be reduced, This may mean that there
were fewer channels openins to the surface and the net result
is reduction in infiltration.

Infiltration rates were high during the first 30 minutes.
This is because infiltration is always very high when ﬁater is
first added to dry soils, This invariably decreascs with time
due to various factors (already covered in the introduction),

One abnormal case that was recorded was that of DI,
Infiltration in the initerrow in March 1979 was over seven times
that at 1)) weeke after planting, It is fairly difficult to explain

but it is thought that the presence of crop residue provided
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nutrient fer soil organisms thereby incressing l.eir activities.
A sinilar deduction can be made for ZT catching up with HR at
this time. |

The regults of the gtatistical analysis for both the rows
and interrows however show that there was no significant
difference bhetween the different treatments. This way be due
to the dryness of the soil at the time of neasurements, Ancther
reason could bhe that rcplicate measurements were highly variable
(sce coefficients of variation Tables 14 and 16}, Figure 8 shows
the comparigon between the treatments. As in other meapurements,
all the mechanised treatmonts were zveraged.

Comparing the rows and the interrows (Tables 13 and 15),
the rows were superior %o the interrows except in IF, DI and
7ZT. ‘“The case of DI has been mentioned earlier on. For DF and
2Ty a poasible explanation iz that washing from the rows to
the interrows as ocourred in the ridged treatments, was absent
in the flat treatments. In this case, CP would be similar to

DF and ZT. This was not gso however, for reasons unkmown.
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Table 13: Cumulative Infiltiaiion (mm) Juat bclore the rainy
season 1979 (interrow position).
Treatments Time from start of infiltration

1fmins 3Oming 60ming 120ming 180mins 240ming

HR 51 8l 128 199 262 319
BL 31 53 90 g 19 239
F 31 Inn 6l 93 119 144
DR 33 50 81 119 153 185
DI 8% 151 231 375 512 643
Ny 23 3 L7 72 92 110
MB 38 58 82 126 16l 199
cp 36 51 61 82 97 112
ZT 31 83 130 212 279 338

Yotes The full data are given in Appendix 3

Table 143 Egquilibrium Infiltretion Rates (mm/hxr) just before

the rainy season 1979 (interrow position).

Treatments Mean equilibriwma infiltration rates (o /hr)

Raw data 1ox transformation
iR - Y L.,oh2
BL SR L1 34551
iy - _ 2,656
DR TR 3,163
DI o u 3,522
e 18 | 2.791
NI - T - 34133
CP ' .15 2,425

7T 59 3.820
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Malysis of variance (los transformation,

Source of Variation  d.f. S.5. M.S. F.
Replicates 3 2,953 0,984 1.57
Treatments 8 9,518 1.190 1.90
Ek'ror 215 15 .%l—l 0.628

Tbtal 35 2? 0535

g5
Iﬂd(o.1) treatment 0' ))9

C.V. (Raw data) = 87.1%
C.Ve (Log transformation)=2li.5%

Table 153 Cumulative Infiliration (mm) just before the rainy
geason in 1979 (row position)

Treatments Time from start of infiltration
15mins 30ming OOming 120ming 180mins 240mins

HR 8L 142 226 373 509 639
BL 62 107 143 21 277 335
D 20 32 11 61 78 93
Dit 17 116 172 254 330 397
DI 50 77 121 187 2L3 305
)3 68 104 158 258 340 L18
MB 93 141 209 313 L05 L8
cP 61 98 146 222 288 349
ZT L6 €9 108 174 235 294
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Table 163 Equilibrium Infiltration Rates (mm/hr) just before
the rainy season 1979 (row position)

Treatments Mean eguilibrium infiltration rates (mm/hr).

Raw data . Lojr transformation
HR 131 L.506
BL 70 3.890
e 17 2,728
it 67 3.974
DI 142 1} .269
DP 78 3.777
MB 8l L.167
cP 61 3.530
ZT 58 3.970

Analysis of variance (log transformation)

Source of variation dof. £.5. M, S, F.
Replicate 3 50193 1.731 1 .50
Treatments 8 B8el412 1.052 0N
Error 2l 27.760 1,157

Total 35 L1,366

C.V. (Raw data)
C.V. (log transformation )

106 ,0%
27.8%
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Table 17t Equilibrium Infiltration Rates (mm/hr, just before
the rainy season 1979 (row (R) and interrow (IR)

comparison).
Treatments
Raw data
R iR
HR 130 57
BL 58 L5
DF 17 25
DR 67 32
DI 142 L6
DP 78 18
MB 8l 35
cP 61 15
ZT 58 59

R

14506
3.890
2,728
397k
L4269
3,777
L.167
34530
34970

IR

L. 0l2
3.551
2,656
34163
3.522
2.7
3.133
2.425
3.620

Analysis of variance (loz transformation)

Source of Variation

Replicates
Treatments

Pogition

Treatment x Position
Prror

Total

d.f.

3
8
1
8

-

1

71

SeSe

6.743
154500
T.239
2.431
L) .228
764141

# Simmificant at 5%
#¢  Sigmmificant at 1%

MeS.

2,218
1937
T+339
04304
0.867

Mean equilibrium infiltration rates ‘mm{hr!
Log transformation

2459
-
223
8,35
0.35
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Le2.4 Infiltration at 1 week after planting = 1979.

The results in Table 18 were means of 8 replicates. They
are thus directly comparable with the results at 8 weeks after
planting (Table 4) which were also measured in the interrows.

Table 18 shows that YR and ZT were superior to BL and all
the mechanised treatments. This is confirmed by the statistical
analysis (Table 19) which shows that there was a significant
difference between HR and BT, between HR and each of the
mechanised treatmentss also between 2T and BL and between ZT
and each of the mechanised treatments. It also shows that
there were no significant diff:zrences among the mechanised and
bullock=powered treatments nor between HR and 27T.

As with the previous measurements, the results may be due
to compaction below the cultivation layer and destruction of
conducting poreg in the top scil, It is worth noting that the
condition of the soil has returned to a situation similar to the
8 weeks measurement in 1978 except that BL has changed place.

In fact it fell below the averape of the mechanised treatments.
This is fairly difficult to cxplain but it is thought that
recompaction had not taken place in the mechanised treatments
before the measurements were nade since the measurements were

taken shortly after cultivation,
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On the whole, infiltration was much hiéher tha; it was
the previcus year at 8 weeks after planting (compare Tables L
and 18). A possible reason may be similar to what has just been
said as regards recompaction not having taken place before the
meagurements were made, JAnother pogseible resmon concerns the
initial scil moisture content, The measurements taken at
8 weeks after planting (Table U} were done in the second half
of the month of Avgust when the rainy season was at its peak.

On the other hand, the measurcments taken at 1 week after planting
were done at the beginning of July. This was just before the
peak of rainy season was reached. Thus the initial scil
moisture content during the meagurements at 8 weeks after
planting was higher than that at 1 week after planting. As
other workers (c,g. Tisdall 1951 and Iugo-Lopez et. al. 1968)
have found, initial secil moisture content had a profound effect
on infiltration,

A further peossible explanation for the difference between
Tables Iy and 18 is that the scil was exposed to the beating
action of the rain for a lower periocd before the measurementa
were taken at 8 weeks after planting than at 1 week after

planting. This means that there could have been greater crust
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formation in the former than in the latter.

A further look at the resulis in Tables L and 18 reveals
that the gap between ZT and MR treatments at B weeks was wider
than it was at 1 week after planting the following year. Thig
may be due to the fact that crop residues of the 1978 crop were
left on the surface of ZT. 'This could undoubtedly increase the
activities of soil organisms thereby opening up new channels,
The result of this is increased infiltration, The residues
themselves might alsc he renspongible for protecting the soil
surface from getting crusted, Many workers (e,g. Van Doren
et. al. 1952, lawes, 19623 and Lal 1976) have reported a positive
influence of surface mulch on infiltration.

Figure 9 shows the cumiintive infiltration at 1 week after
Planting with the six mechanised treatments (M7) averagea.

Table 20 helow shows cumlative infiltration differences
between the rows and interrows neasured in | replicates. The
result is diffjcult to explain as it did not follow any
consistent pattern, The DP treatment is a case in point where
infiltration in the interrow sreatly exceeded that of the row,
However the interrows of ZT and DF still remain superior to

the rows.
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The stafistical analysis (Table 21) for equ.librium
infiltration rates {row and interrow) shows that HR and 2T were
significantly different from BL and all the mechanised treatments
except DP (IR) at 0.1% level of significance. Also the rows of

| HR, BL and TP were significantly superior to the interrows at

. 5% level,

Table 18: Cumulative Infiltration (mm) at 1 week after
planting in 1979 {interrow position).

Treatments Time from start of infiltrgtion
15ming 30mins 6Oming 120mins 180mins 240mins

HR Lt 70 119 194 261 322
BL 1% 22 33 55 73 88
IF 1 1T 27 Ly 57 70
TR ' 13 20 33 52 81 83
DI 22 39 68 116 157 193
DF 18 33 55 96 129 158
MB 9 1 23 37 L8 58
cp | 13 21 35 60 80 97
ZT 25 b 80 148 211 272

Notes The full data are given in Appendix L,
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Table 19: Eguilibrium Infiltration Rates (mm/hr) at 1 week
after planting in 1979 (interrow position)

Treatments Mean egquilibriun infiliration rates (mm/hr)

Raw data oz infiltration
BL 16 2,654
IF 13 2,208
IR 15 24247
Ix 36 2,981
DF 29 24965
MB 10 2,176
2T 61 3.883
Aalysis of Variance {log transformation)
Source of Variation def. 3.8. M.C. F.
Replicatee 7 10.’452 1 01493 2.86
i
Treatments 8 26.1420 3,302 6,32
Ervor 56 29,279 0.523 '
Total T 66,151
LSd(O.OS) treatnent = 0,725

#¥% = Significant at 0.1%.
C.Ve (raw data = B8L.9%
C.V. (log transformation = 258
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Table 20: Cumlative Infiltration (mm) at 1 week after planting
1979 (row (R) and interrow (IR) comparison).

Treatments Time from start of infiltration
1Sming 30uing OOming 120mins 180mins 240mins
m B 81 137 243 415 569 71
IR 55 93 153 241 318 292
- R 27 hs 78 131 176 218
IR 15 23 5 56 73 87
- R 10 15 22 36 L8 58
IR 12 19 30 L6 60 72
DR R 20 35 56 86 115 142
IR 21 1 L9 73 93 110
I R 18 26 L1 65 86 105
IR 30 52 91 154 207 255
op R 9 12 18 30 L0 48
IR 29 Sl 9L 163 219 266
. R 1 19 28 L3 55 66
IR 12 20 32 L9 62 T4
op R 17 26 39 6l 85 104
IR 1, 21 36 58 79 97
o1 R 33 na 102 178 2L,8 311
IR 38 65 119 215 307 396

Note: The full data are given in Appendix S.
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Table 21: Bquilibrium Infiltration Rates {mm/hr) at 1 week after
planting 1979 (row (R) and interrow (In) comparison).

Treatments  Mean equilibrium infiltration rates (mm/hr).
Raw data Iog treneformation
- R IR & R
m _ 142 75 L.950 h.118
BL - 41 15 3.522 2,536
DT 10 12 2,233 2.218
DR 27 19 3,200 2.736
DI ' 18 L8 2,826 2,934
oP - 8 L8 . 1.958 O 3.799
MB 1" 12 2.312 2.237
ce 19 18 2,860 2.591

oor . 63 89 )1.059 Le311

Analysis of variance (log fransormation)

Source of Variation d.f. Hala M.5. K.
Replicates ' 3 T.718 2.573 6.15**%
Treatments B 39,476 .93 11,827
Pogition 1 0.043 0,043 0,10
Treatnents x Position 8 10,803 1.350 3.23*%*
Error 51 21,29 0.418
Total -~ . . T 794335
| .Lsd(0.001) treatment = 1.118 ' ;  ;” :
LSd(O.OS) treatment x position = 0,646 ﬂ_"’”
### Significant at 0.1% .
C.V. {raw data) = 63.8% ,
C.V. (log transformation) = 21.1% d
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Le2.5 Agerepate gtability at b weeks after planting in-19?32"

Frequent working of the poil surface has been found by
many workers to lead to deterioration of its structure and reduced

water intake. This was confirmed by the aggregate stability test

{rable 22). "

.The resulté indicate that the surface soil under ZT was
gignificantly more stable than the surface soil of all other
fféafheﬁfs; Similarly there was a significant difference between
HR and BL on the one hand and the three mechaniged treatmentsa
_tested on the other hand.

.I Mo Qome extent lower structural stability in the surface
soll appears to reflect the rate of water intake, Thue 2T, HR
and BL were all better than .the mechanised treatments (as per
infiltration data). However unlike with the infiltration data,
2T jn terms of structural stability was significently better phan
both HR SQQ.BL?

" Tﬁeﬁéirﬁcfufal gtability test gave highly reproducible
results, low standard errors and a high level of significance.

The trends were the same whether the test was done with 0.5, 1.0

or Z2.,0mn sieves,
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Table 22¢ Result of Agurerate Utability Test (94)

‘Preatments v ieve openings
Oy 10mn  2,0m
VAN 573 .7 38.1
CP 18,0 148 1.5
Dy 33.3 19.3 14.6
oy 23.6 13.2 93
HR 35.9 32.6 746
BL 38.9 30.L 2.6

Analysis of Varionce

Source of Variation

Treatments
Sieve opening
Error

Total

L8d(5,001)

wEt o Gignificant

CtVt = 11%

Laa Hale Helle
5 L170.611 B3l ,122
2 1125,421 562,710
23 213,352 84691

35 5539.38L
treativont = 6.253

at 0, 15""

Mean

L5.7
4.8
22.)
154
32,0
31.3

9GOt
haThs
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o286  Effccts of date, cultivation method and row/intértow

position on infiltrption,

Looking at the interrow results gencrally it can be aeen
that the cumulative infiltration for the four different dates
was highest at 14 weeks after planting and just before the rainy
gseason, These were clogely followed by that at 1 week after
planting. The measurements at § weeks after planting were very
much lower than others. This means that infiltration can
improve with time due to reasons already covered in the preceding
dipcussion, Statistical analysis (Table 23) for the equilibrium
infiltration rates confirmed this. The measurements at 8 weeks
at'ter planting were significantly different from the 3 other dates
at C% level of significance, %hey alsc show that there was ﬁo
gignificant difference hetween the latter (i.e. 1 weeks after
planting, juet before the rainy season gnd 1 week afte; plaptingl-
in 19?9). Pigures 10 and 11 illustrate these poiﬁiswiﬁ-é;;ater
detail.

Lffect of treatments at the interrow are summarised in
Table 23 which shows that HR and 2T were significantly superior
to BL and zll the mechanised treatments. Table 23 also shows
that there were no significant differences between the mechanised

“treatmenis,
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Iata for three dates and both the row and interrow positions
are summarised in Table 2!, which shows that there was a
significant difference between the measurements at 1 week after
planting and those at just before the rains and at 1L weeks
after planting., It also shows that the rows were significantly
different from the interrows at 5% level of significance, In
addition, it shows that there was a significant difference
between HR and BL, HR and all the mechanised treatments and
between ZT and all the mechanised treatments.

Overall differences betweer cultivation methods are clear
{Tables 23 and 2I})., 1In terms of equilibrium infiltration rates,
the cultivation methods can be summarised as follows: HR >

27 7 BL . mechanised.
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Table 23: Equilibrium infiltration rates (mm/hr) averaged over

four dates (interrow position only)

Treatments Mean equilibrium infiltration rate !mmfhr!
Raw _data Loz transformation

HR 13 L,097
BL 32 3,088
0 26 2.718
bit 20 2,671
DI 31 2,733
DP 23 2.678
MB 20 2.136
CP 18 2,105
Z7 61 3.859

Analysis of Variance (log transformation)
Source of Variation def, Se8e USSPy F.
Replicates 3 15,120 L.707 6,25
Treatments 8 60,233 74529 9.999***
Dates 3 29,109 9,703  12.886"
Jreatments x Dates 2l 30,126 1.755 1.67
lirror 105 79.061 0.753
Total 143 212,649

LSd(O.OS) treatment = 0,607

LSd(O.OS) dates

= 0,405
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Date N meansg
1 2 3 "
10120 3,179 3.234 3.053

Note:

Date 1¢ B weeks after planting (1978)
Date 2: 1L weeks after planting (1978)
Date 32 Just before the rains (1979)
Date bt 1 week after planting  (1979)

late Untransformed means Iransformed meang
1 18,583 2.128
2 42,389 3.179
3 36,83 3.23

! 37,000 3,053
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Table 24s Equilibrium Infiltration Rates (mm/hr) averaged over

three dates (Row i interrow combined)

Treatments Mean equilibrium infiltration rates (mm/hr)
w data Iog transformation
HR 109 L1450
7L 52 3.560
DF 21 2.627
DR 33 3.188
DI 52 34142
bp 36 3,080
MR 3 2,976
cP 33 2,880
VA 65 L.o3L
Analysis of Variance (log transformation)

Source of Variation dof,  S.0. M.S. F.
Replicates 3 9.654  3.218  L,10"
Preatments a8 65,837 8.230 10.1;7“*
Position 1 6,320 64320 B0
Dates 2 8,116  L.0S8 5,16
Treatments x Position 8 10,824 1.353 1.72
'reatment x Dates 16 15.692 0.981 1.25
Pogition x Dates 2 3.083 1542 1,96
Treatments x Pogition x Dates 16 13.686 0.855 1,09
Lrror 159 124,951 0,786
Total 215 258,163

I'Bd(O.OS) position = 0.236

LBd(O.(}S) treatment = 0,502

= 0,289
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Date means: (2) = 3,390 (3) = 3.551
(L) = 3.078
Date Untransformed neans Transformed means
2 L9.778 34350
3 57.708 34551
L 374306 3.078
Hotes

Date 2 = 1 weeks after planting (1978)
Date 3 = Just before the rains (1979)
Date 4 = 1 week after planting (1979)

Pogition meanss

Row - 3-:f 9?

Interrow - 3.155

#“t = Gignificant at 0.1%
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Date 1 . 8 weeks after plonting

. L=l i i
250 .. o -— Just before the rains
w4 — lweek after planting
#
/
Date 3
200' ’.f/.‘ /
/ '/guuz
~ l/'
154 -/‘/ a

Time (in minutes) from start of infiltraton

Fig 10 CUMULATIVE INFILTRATION AGAINST TIME
(All  treatments averaged for each date)
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- _ CHAPYIR 5
. ZERO TILIAGRE AND CONVENTIONAL TILIAGE COMPARISON

5«1  Background of the Experiment

Thié small experiment was located at the IAR farm
(S—Block) close to the gite of the main cultivation experiment
(=Block), There were two treatments viz: zero tillage (Z7) and
conventional tillage (CT) both applied anmually. FBach treatment
was replicated twice. By 1978, the experiment had been in
progress for gix years. In 1977 and 1978 the teat crop was
maize and in 1979, cotton, Maize residues were always returned
as mulch on 2T and incorporated in CT. In 1978, CT plots were
treated to disc ploughing dige harrowing plus spring tine
cultivation and left flaty while in 1979, they were disc

harrowed plug spring tine cultivator and alse left flat.

542 Results and Discugsion

The results presented in Tables 25 to 28 are means of I
interrow measurements for ench treatment (i.e. two per plot).
45 in the main cultivation experiment, in which zero tillage and
various conventional tillage oberations were compared, the
results in this small experiment also show great differences due

to treatmente.

- 110 -
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The results in Table 25 ghow that fotal infiltration in
zero tillage at 8 weeks after planting in 1978 was about 10
times better than that in the conventional tillage. Similarlyckl
in 1979 (Table 26), total infiltration in the interrow though
low in both cases was 5 times better in zero tillage than in
conventional tillage. Alsc the equilibrium infiltration-ratea R
(Tables 27 and 28) were of the ratios 1131 in 1978 and 6:1 in 1979,
agZain showing the superiority of zero tillage over the conventional
tilla;ses The statistical analysis also showed that the
equilibrium infiltration rates under zero tillage were
significantly higher than under conventional tillage at 1% |
level of significance in 1978 and at 10% in 1979. Figure 12
shows the results graphically for the two occasions.

The low cumulative infiltration and equilibrium infiltration
rates in the conventional tillage could be explained by the
fact that the treatment experienced the sealing of conducting
pores by the beating action of ithe rain, C(losely cornnected
with ithisg is the disruption of conducting pores and degradation
of poil structure due to frequent cultivation.

These three problems can either be removed or minimised by
proteciing the surface with mulches and reducing the frequency

of cultivation, The difference between the two treatments may
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therefore be because the zero tillave gatisfied these conditiong
to gome extent, This is because the zero tillage had little
goil disturbance except during planting, The fact that the
herbicides used still left somoe weeds standing helped to

protect the soil surface from the beating action of the rain.
The roots of weeds may also have influenced the sgtability of

the conducting pores and thus improved infiltration. Another
major factor that helped in protecting the s0il surface was

the crop residue of the previgus year that was left on the soil
surface., The results confirm thosc of other workers (e.g.

Lal 1976 'b) who have pointed ocut the bheneficial roles of mulches
on infiltration, yruneff and erosion.

One obzervation worth pointin~ out is that the infiltration
in 1978 was very much higher than that of 1979. It is striking
becauge one deoes net expect such an abyupt fall in infiltretion
within go short a time, especially in the zero tillage. What ..
nay bhave caused this large difference was a heavy storm in the
night preceding the 1979 measurements, Probably the majority of
the conducting pores were still saturated on the follnwiné‘day.

This indicates that the amount of water intake by the scil was
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therefore limited as compared with the drier situation in the
preceding year. Similarly, Loso~Lopez et. a2l. {(1968) found that
the greater the initial moisture content, the lower the

infiltration rate.

Table 25: Cumilative Infiltration (mm). Zero/Conventional
tillage comparison at & weeks after planting in 1978.

Treatments Tiwe from gtart of infiltration
15ming 30mins SO0ming 120mins 180mins 2hOming

Z7 L2 Th 130 21k 280 335
cr -9 13 17 23 28 33

- Notes The full data are given in Appendix €.

Table 263 Cumulative Infiltration (mm). Zero/Conventional
tillage comparison at 1 week after plunting in 1979.
(Interrow only)

Treatment Time from steart of infiltration.

1Eming 30mine 6O0ming 120mins 180mins 240ming

w6 0 16 3 L3 55
et 2 3 b 7 9 11
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Table 27: Bquilibrium Infiltration Rates (mm/hr). 2Zero/

Conventional tillare comparison at 8 weeks after

planting in 1978,
Treatment Mean equilibrium infiltration rates (mm/hr)

Raw data los; transformation

ar 55 3.963
cr 5 14386

Analysis of variance (log transformation).
Source of variation d.f. S.S. M.S. F

-
Treatment 1 13.282 13,282 58,487
Error 1;362 0l227
Total 1’406,414
- 09
LSd(O.O'I) 1.3 ’

## gignificant at 19 level

C.V. = 29,1%
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Far - - . Ll ot .‘?“'-.';"..'-9;‘., . 1'1".’.».".' o Eee
Table 28t IDquilibrium Infiltration Rates (mm/hr). Zero/
Conventional tillagre comparison, at 1 week after

planting in 1979, {Interrow only)

Treatments Mean equilibrium infiltration rates (mm/hr)
Raw data Log trangformation
%0 T 12 2,221
. . . £ :
CT . 2 e ET 04173

Analysis of Variance (log transformation),

féurce of Variation dofe. 5.8, M8, P

Treatments 1 5.739  5.739  13.2L5T
Brror 8 2,599 0.L33
Total S - 7 8,338 |

Ledig, 1) = 1.683,

t

C.V. - 60.1%
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CHAPIER 6
CONTINUIOUS CULTIVATION AWND GRASS

FALLOW COMPARISON,

6.1  Background of the Experiment.

This other small experiment was located at the IAR
Agronomy Farm. Infiltration was measured in a field that had
been continuously cultivated (time cultivation, disc harrowing
and ridging) for 30 years and in another that had been under
grass fallow for agbout 20 years and possibly longer. Measurements
were taken at L weeks after planting in 1979. The cultivated B
field was used for a long torm fertility trial while the
fallow was just adjacent to it and regularly grazed.

Equipment (i.e. double ring infiltrometers, measuring
device etc) and methodology were the same as those used in
the main cultivation experiment. TFor each of the two
ireatments, five measurements were made, scattered over an
area of about 600 square motres. Measurements in the
cultivated plots were done in the interrow. All these
measurenents were made in July 1979. As was the case on the
pPrevious occasions, the megsurcnents between the third and

fourth hour were taken as the equilibrium infiltration rates.

- 117 -
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6.2, Results and Discussion,

The results of the contimuous cultivation versus grass
fallow comparison can be seen in Table 29 and Fig. 13.

The results are means of 5 replicatcs. The equilibrium
infiltration rates are 3 mm/hr and 73 mm/hr for continuous
cultivation and grass fallow respectively.

Since infiltration rate is a sensitive indicator of
changes in the physical properties of soil (Pereira, 1955),
the results in Table 29 and equilibrium infiltration rates show
the degree to which the physical properties of the soil have
been affected by anmual cultivation, Cumlative infiltration
at 30 minutes, shows that infiliration was 16 times better
in grass fallow than in the cultivated plot. The margin was
even wider after 4 hours with a ratio of 19 to 1. The
equilibrium infiltration rates show a ratio of 21 to 1 in favour
of grass fallow. Figure 13 showse graphically the wide differences
between the two treatments,

In an observation made on the cultivated field about 2
days after a heavy storm, ponds of standing water could still
be secen, In fact in some places, crop growth was affected by
waterlogging. Unlike the cultivated field, the fallow had no

standing water on the surface.
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A possible explanation for the low infiltrati.on in the
cultivated field may be duc to the deterioration of soil
aggregates caused by cultivation, Alsc washing of the ridge into
the furrows thereby blockings the conducting pores and compaction
at the bottom of the plough layer could also have contributed
to the reduced infiltration.

Various workers (c.z. Martin (1944) and Mazurak et. al.
(1960) have domonstrated the beneficial effect of grass cover
on water entry. Usually the roots of grass facilitate water
entry into soil through the stabilisation of its pores. Also
pore sizes are apparently larger and there is better continuity
in the fallow than in the cultivated soils.

Wilkinson (1975) workin- in Samaru attributed the increase
in infiltration rates in fallow to earthworm activity. A
similar conclusion was drawn by Hurault (1971) who found that
increased termite activity led to increased infiltration in
savanna grassland of the Northern Cameroon,

No matter what is responsible for increased infiltration
in fallow, the fact still remains that infiltration rates are
often higher in fallows than in cultivated soils, The pity of

it all however is that all the beneficial effects of fallow are
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offen desiroyed soon after a year or itwo of cultivation,
Pereira et. gl. (1954) found that rainfall infiltration rates
were comparatively low after only one year of arable cropping
from grass fallow. Wilkinson (19?5) also found that most of
the increase in infiltration during fallow was eliminated
during the first seedbed preparation and that all the increase
was eliminated by the end of the first cropping seceson. He
therefore maintained that the Lenefits of crop production from
the practice of grass fallow in the savanna zone of the {ropics
are mogtly derived from improved mutrient status and very
little from improved physical propertieg., Wilkinson and Aina
(1975) working under forest condition in Bouthern Nigeria
recorded similar results, ‘fhoush the pregent experiment did
not investigate the decline in infiltration immediately after
rloughing up a grasgs fallow, it is envisaged that zimilar

result wonld have heen obtained.

Table 29: Cumulative Infiltration (mm). Continuous Cultivation
Vergus Grass Fallow Comparison.
Treatments Time from gtart of infiltration
15ming  3Omins 6Omins 120ming 180mins 2.,0mins

Contimious

Cultivation 3 L 7 12 15 18
Grass Fallow 36 ol 117 198 276 39

Hote: The full data are given in Appendix 7.
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CH'PTER 7

SUMMARY /1D CONCLUSIONS

The results of the main cultivation experiment (R=block)
demonstrate the pronounced effecte which different cultivation
techniques can have on physical sgoil properties like
infiltration. Of all the treatments, the manual system (HR)
was the best. This was followed by-thc zero tillage (ZT)
system, the bullocke-powered (BL) system and then the mechanised
treatments. The HR treatment will no doubt be the best in
terms of effective water intake during heavy downpeurs.
Consequently it is the lcast likely to cause surface runoff
and soil erosion,

The results of the snall cxperiment on S11 in which
zero tillage was compared with conventional tillage were
similar to those of the main cultivation experiment.

Comparing grass fallow with conventional tillage infiltration
in the former was by far preater than in the latter, The
mechanised treatments would need special means of surface
runoff control due to low infiltration especially at the peak
of the rainy season occuring between July and September. This

may mean extra. cost.
- 122 &



Table 30 summarises the comparison between equilibrium
infiltration rates of mechaniszed treatments and two undisturbed

‘trestments i.6. zero tillage and srass fallow,

Table 30: Comﬁﬁriéon between equilibrium infiltration rate of
mechanised tpreatments and two undistirbed treatments
i.e. zero tillage and grass fallow,.
EBmperiment Date of Tguilibrium Infiltration Ratic
Measurement Rate {mm/hr.) as %

A B -~ (4/B) x 100
(Mechaniged) (Undisturbed)

Main cultivation (1) 8 weeks

after . S
planting 5 22 N 2247
y (2) 1 woeks |
! after _ ' o
planting 30 67 L8

{3) Just before
the rainy

gcason 29 - 59 49.2
() 1 woek after .
_ planting 20 &1 - 32,8
Small zero (1) 8 weeks
tillage after . .
experiment : planting g es 9,1
(2) 1 week after :
planting 2 12 16,7
Grass fallow/ L weeks
conventional aftox

tillage experiment planting 3 13 L1
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The table above shows that even the highegt infiltration
rates obtained for tractor powered cultivagtion were less than
50 percent of zerc tillage and this occured when the s0il was
dry., In one case when the soil was wet, Infiltration on the
mechanised plots was less thon 5 percent of that of the undisturbed
gite, This ghows that mechanical cultivation deoes a lot of
havoc to water infiltration,

The ZT takes after HR in effective water intake but its
disadvantage is that, apart from being a new system, the
rumber of crops that can he grown using this method ig
limited. For instance roct crops and groundmuts camnot bhe
expected to do well if planted on the flat.

The HR algo has its own digadvantoge in terms of limited
acreage that can be covered by an individual per unit of time,
This is of great importance to this country especially if one
considers the growing population and the need for more food.,
Inereased food proﬁaa%ion can be schieved by increasing the
area of cultivated land, and this suggesta that our agriculture
has to be mechanised. Given improved seceds, fertilisers and
adequate crop protection, farmers' output under traditional

systems would undoubtedly increase. But the fact still remains
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that if all these inputs are provided under nmecheanised gystems,
totel output is likely to be greater than from the coxisting
mmarual systems,

| Under the soil and climgtic conditions found in Samaru,

it can be said that for larse scale mechanisation to take

place without serious side effects of runoff and erosion,

gsound 80il conservation practices must be employeds Remedies
that readily come to mind are nmeans of keeping mechaniped
operations to the absolutc minimum, Tt might still be necessary
to take extra precautions to veduce gurface runoffs for example
by early establishment of crops 1o keep exposure of bare scil
to a minimum, by using mulches to protect the scil or in severe
cases by installing systeus of sraded terraces.

Further general conclusione that can be drawn are that
infiltration varies not only with differenceg in cultivation
techniques but also with the geascn. It was lowest in the
nid-scason when rainfall was at its peak. This was clearly
illugtrated by Pigures 10 and 11. It ¢an also be seen that
g0il cultivation improves infiltration only if it does not
cange compaciion in the cullivated layer. Reduced compaction
wag probably responsible for higher infiltration in the marmmal
system tban in either the mechanised gystem or the zerc tillage systems

%
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Basic causes of reduccd infiltration due to mechanised
cultivation appear to be complex. They include surface
compaction, compaction at the bottom of cultivated layer,
discontinuity of conducting pores between those at the
cultivated layer and thoge in the subgoil layers, mixing of
the cultivated layer and so on, Illowever further studies are
nceded to find out the exact causes of reduced infiltration
in particular cases.

It must also be said in final conclusion that the results
obtained from these experiments are in line with those obtained
elsewhere including the only previous study of equilibrium
infiltration rate at Samaru as reported by Wilkinson (1975).
In view of the importance of infiltration rate with respect to
surface runoff and soil erosion, the conclusions about effects
of different cultivation techniques on infiltration should be

tested for all major soil types in Nigeria.
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Appendix 1¢ Cumalative Infiltration (mm), 8 weeks after
planting in 1978 (interrow position)

Treatments Flot No. Tiwe from start of infiltration

1Suins 30ming 60mins 120mins 180mins 2L0ming

| . {6 Lo 60 %5 157 219 278
ER 26 i 2l 38 61 81 101
3. 29 36 6l 101 136 169

11 105 185 326 156 582 700

54 L5 78 113 178 238 292

Ly 63 13 19 29 54 74 9L

78 00 9 13 19 33 L 55

86 17 30 51 96 138 177

. 12 10 19 3 56 78 98
BL 2 b 7 13 20 26 3
3% 15 2h 18 él, 8% 106

L2 2 b 7 11 15 19

8h 1 Lo 6l 97 127 153

69 3 g 6 9 11 13

73 26 46 79 151 220 283

85 11 22 43 81 119 152
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Appendix 1: Contd.
Treatments Plot No, Time from giart of infiltration
15mins _ 30ming 60ming 120mins 18Cmins 240ming

19 6 10 21 36 L9 58

P 22 3 5 7 9 1M 12
33 L T 11 1k 17 19

49 2 3 5 7 8 9

58 26 L3 70 115 155 195

65 L 5 8 11 13 15

78 2 3 5 6 7 8

Bk 1, 26 L8 79 108 135

n 7 9 15 25 34 L3

R 23 2 3 In 6 8 10
- 38 2 3 L é 7 8

LS 5 9 1 16 20 2l

56 9 19 3 L3 54

62 2 L s .8 1 13

7T 1 2 . 3 & 5 6

g2 5 7 9 13 16 19

17 3 710 20 29 37

T 24 2 3 L 7 9 10
| 35 8 12 15 18 20 22
L6 L 7 10 18 25 32

53 8 10 1 27 37 L6

67 L 7 11 15 18 20

79 I 6 8 11 14 17

89 18 27 Ly 79 11k L4



Treatments Plot No. Time {rom start of infiltiration

- -

B

27 ]
39

L8

| 52

66

72

81

1oming  30mins 6O0mins 120ming 180mins 24Omins
30 g2 100 17 238 03
6 10 13 19 25 30
6 11 18 27 33 38
10 16 24 L1 57 T1
17 27 L9 86 120 152
17 27 32 65 95 125
9 13 21 35 L8 159
6 17 L7

10

27

37



Appendix 2: Cumulative Infiltration (mm). 14 wocks after
planting in 1977, {(Bow (R) and interrow IR),

Treatments Plot NWo, Time from start of infiltration
15ming 30ming G60mins 120mins  180ming 2L0ming

_ 16R 127 219 389 626 856 1081
HR _ L1R 130 222 392 622 832 1031
SR 9 170 289 439 585 715

86R 19 81 101 222 298 37h

161R L3 76 140 225 308 391

L1IR 30 54 97 18L 26l 334

51IR 128 225 373 588 788 978

86IR 25 33 L1 59 3 84

12R 51 100 177 287 393 LgB

EIL LoR 112 190 339 509 665 8o8
- Bhm L7 89 W07 2h47 3 1431

85R 43 62 96 139 174 204

121IR 26 33 63 119 174 227

L2IR 2t 43 72 113 148 183

S4IR L8 &1 143 260 360 L&D

8SIR 1 19 25 36 L3 L9
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Appendix 2: Contd,
Treatinents Plot No. _Time fron start of infiltration

15mins  30mins 6O0mins 120mine 180mins 2L0mins

19R 10 15 2 Lo 54 67
DF L9R 12 16 21 28 33 38
58R 15 21 25 33 Lo L7
BLR 18 22 30 L8 66 82
191IR 63 108 162 267 372 L72
L9IR 34 5l 8y 143 198 2L9
581R 27 41 63 99 132 160
8LIR 12 22 32 55 17 96
4R 51 90 139 213 287 361
DR LER Lk 63 150 123 157 189
56R 1 16 23 33 L3 52
82R 10 15 23 34 L2 50
14IR 21 38 74 108 142 174
LSIR 23 31 L8 70 89 108
S61IR 20 28 L3 62 77 90

821IR 17 30 L6 70 ol 116



Appendix 23

Treatments Plot No., Time from start of infiltration
15mins 30mins 60mins

DI

DP

Contd,

- 1Ll -

17R
L6R
53R
89R

171R
L6IR
53IR
891IR

13R

59R
88R

13IR
LLIR
59IR
881R

35
39
10

23

-~ O N

43

12
1
18
78

20
10
23
L1

69
62
17
3

10
69

20
30
122

121
86
2l
40

1L
9
13
105

26
28

L5
178

36
19
51

229
143
36
50

22
11
20
158

53
L0

55
262

7
32
66
154

120mins 180mins

332
195
L7
58

30
13
27
209

79
52
62
338

99

78
206

Oming
425
L5

58
66

37
15
33
256

105
63
69

Lo3

127

5L
88

252
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Appendix 2: Contd.

Treatments Plot No, Time frow start of infiltration
15mins 30ming 60mins 120mins 180mins 240mins

15R 68 121 213 319 399 Lés
1B LTR 21 30 L6 67 88 106
S5R 15 19 22 7 50 63
87R 28 Ll 70 107 141 173
15IR 50 104 202 322 L27 528
L7IR 6 8 10 18 25 32
55IR 8 12 18 30 L1 52
871IR 9 13 18 28 36 L3
18R 70 119 223 343 458 567
CP L3R LO 76 146 247 339 L27
STR 10 15 21 35 L6 56
83R 23 30 39 53 el 75
181IR 98 158 291 L21 5L €62
L3IR 10 15 2L 38 51 6L
571IR 7 13 20 28 35 LO

831IR 10 12 16 20 22 2l
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Appendix 2: Contd.

Treatments Plot No. Time from startcof infiltration
15mins 30mins 60mins 120mins 180mins 2LOmins

11R 4O 71 126 20l 279 353
27 L8R 18 26 1 68 N 113
S2R 3 Sl 9l 149 192 232

81R 59 98 172 264 352 138

111IR 40 77 106 174 238 302
LBIR L9 17 109 174 235 296
521R 77 122 208 318 422 522

811IR 25 36 L9 A 139 182
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Appendix 3: Cuwmlative Infiliration (mm). Just hefore the
rainy season in 1979, (Row (R) and Interrow (IR)).

Tregtments Plot No. Time from start of infiltration

15mins 3Oming 60mins 120mins 180ming 24Oming
16R 164 296 L97 856 1188 1514

HR L1R 61 80 139 210 272 326
51R 69 115 175 286 297 503
81R L6 67 9l 139 177 213
161IR 55 90 133 196 256 314
L1IR 38 63 11 180 237 290
51IR 80 131 186 274 349 416
811IR 30 51 80 17 206 257
12R L7 Th 112 173 222 265
BL L2R 65 102 164 206 243 273
SLR 107 210 239 Loo 553 701
85R 27 Lo 56 75 88 100
12IR 59 109 199 313 L23 530
L2IR 28 LO 60 102 139 169
SLIR 20 29 L6 72 98 121

851IR 18 34 54 88 115 135
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Appendix 3: Contd.

Treatments Plot No., Time {rom start of infiltration

. . e ——

15mins 30wins 60mins 120mins 180mins 240mins

19R 1 20 29 L2 5l 66
DF LIR 2l 28 35 L5 53 61
S8R 19 33 53 86 116 146
B4R 24 36 L7 69 89 108
191IR an 95 150 231 310 386
L9IR 2l 31 Lo 50 58 66
58IR 22 32 L3 58 69 78
8LIR 14 18 2l 32 38 LY

14R 135 210 327 L85 640 790

IR LSR 68 104 151 213 270 312
56R 54 76 103 161 213 262
82r 50 73 106 157 198 224
14IR 30 L6 67 96 119 139
LSIR 28 33 62 79 9L 114

561R 56 90 157 248 331 L09
821R 19 26 36 53 66 76



Appendix 33

Treatments

nT

Contd,

Plot No.

13R
LLR

S9R
88R

13IR
LLIR
59IR
881IR

17R
L6R
53R
89R

17IR
LEIR

53IR
89IR

Time from start of infiltration

15mins 3Omins 60mins 120mins 180ming

20
11
31
151

20
29
21
21

30
51
38
79

123
22

173
21

- 149 -

29
101
"W
240

29
L3
29
35

68
53

143

201,
32
331
35

2lOmins

Ine
4T
75
37

38
62
Lo
L7

61
9k
78
252

296

L7
281

119
578

52
98
62
77

83
132
126
406

L0
73
926
98

5k
100

163
L3

60

125
80

104

105
163
171

553

507
88
1316
137

59
514
205
895

68
L9
96
127

125
187
21l
695

60k
97
1699
172
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Appendix 3: Contd.

Treatments Plot No, Time from start of infiltration
15mins 30nins 6O0mins 120mins 180mins 24Omins

15R 87 140 232 343 451 ssl

MB LR 141 220 326 503 643 772
55R 111 155 214 317 L16 503
87R 3k L8 6L 90 108 123
151IR 25 33 50 65 80 93
LTIR 22 29 Lo 53 66 71
SSIR 78 129 195 299 398 14,95
8TIR 25 39 56 86 110 130
18R it | 136 201 315 L22 525
CP L3R 25 29 35 L1 L5 L9
STR 886 w7 227 360 L75 581
83R 53 79 122 171 208 239
181IR 3 54 17 116 152 186
L3IR 9 11 15 23 29 35
STIR 66 92 104 117 126 134

831R 3L L5 53 70 82 N
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Appendix 33 Contd,

Treatments FPlot No, Time Irom start of infiltration
15mins 30mins 60mins 120mins 180mins 240mins

11R 28 L6 77 150 219 285
Z7 L8R 21 33 L7 79 108 134
S2R 69 102 1714 266 358 L8
81R 66 96 136 201 256 307
11IR 2l 36 58 97 1N 163
LBIR 22 L0 60 106 148 175
S521IR 3 52 73 116 155 191

81IR 125 203 328 528 682 821



Appendix L: Cumlative Infiltration (mm), 1 week after
planting in 1979 (interrow position)

Treatments Plot No, Time from start of infiltration
1omins 30mins 60mins 120mins 180mins 2L4Omins

16 86 133 193 254 308 358
HR 26 3 60 108 180 250 310
32 1 26 L3 74 102 126
L1 12 23 L2 69 9 118
51 51 88 W9 233 317 400
63 18 31 50 85 118 146
75 Ly Th 141 2u7 341 423
86 70 127 226  L06 550 697
12 23 37 57 93 121 1Ly
BL 21 5 9 17 33 47 61
36 13 21 33 57 76 n
L2 S 7 10 16 21 26
54 1L 23 38 60 79 96
69 22 31 L2 €2 77 90
73 12 19 36 6l 92 116

85 16 26 g/ 53 69 82
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Appéndix Lz Contd,

Trqgﬁments Plot No. Time from start of infiltration
' 15ming 30mins 6Oming 120mine 180mins 2L0mins

19 23 35 Y 92 109

w 2 3 s 8 13 16 19
3N 16 26 L5 80 109 135

L9 5 10 18 28 3% LS

. 58 15 2, L0 69 " 89 108

68 8 11 18 20 ! 28

78 15 20 29 51 12 _ 9,

" 6 8 11 16 o 2l

- 1 30 bS5 73 11k 109 170

bR 23 5 9 17 3 m €5
38 3 5 10 20 28 35

L5 38 56 88 121 149 176

56 8 2 2 3 45 55

62 5 8 W 25 3 13

Lo 9 11 % 5L, 72 90

82 6 9 '{3 22 30 37

17 8 10 1k 19 o, 25

n 2 16 21 50 9 125 155
35 29 L9 8 b9 - 203 209

L6 5 1 1118 23 28

53 53 93 6L 287 397 500

67 9 18 23 42 sk 66

& 5 .8 1% N L2 53

8% 53 99 173 293 387 468
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Appendix hL: Contd.
Tregtments Plot No, Time from start of Infiltration _
1oming 30mins é0mins 120mins 180mins 2hOming

13 18 33 52 93 125 153

P 29 12 20 30 50 69 87
| | 31 L 7 10 19 = 26 33
UL 29 38 Th 124 172 212

89 39 72 12, 219 T 375
6L 8 noo19 2 29

o 5 9 17 30 T L9

88 39 3 ek o217 M 325

15 9 13 19 30 3 N7

MB 27 7 10 17 28 39 50
3y 3 6 9 220 . 30 39

W 7 10 15 2l 30 34

55 29 50 83 119 148 172

6l 7 10 15 2h 30 36

76 6 10 18 30 4o 48

87 L6 T 1 a3 41

N T R A 3 ST

18 10 10, 20 30 - - 38 L6

cP 28 15 26 L6 81 102 121
37 23 1,2 60 110 148 183

L3 B 12 23 g iy 53

57 27 79 138 . 185 229

68 7 10 - 5. T 36 Ll

L 6 8 13 23 33 L1

83 9 1L 22 31 50 60



Appendix Lt Contd.

Tregtments Plot No. Time from start of infiltration
15ming 30mins 6O0mins 120mins 180mins 2L0mins

11 L0 67 108 180 252 322

21 25 10 17 32 6l 93 122

| 39 10 20 35 69 100 127
L8 25 43 n 133 183 232

52 61 110 207 Lot 602 789

66 21 36 61 117 170 216

72 10 20 6 69 100 128

81 2L 39 a5 141 191 239
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Appendix 5: Cumulative Infiltration (mm) at 1 week after

planting in 1979. (Row (R) and Interrow (IR)).

Treatments Plot No, Time from start of infiltration
15mins 30nins 60mins 120mins 180mins 2L4Omins

16R 95 170 299 L92 eL7 785
HR L1R 65 106 192 362 520 670
51R 98 163 284 L82 659 819
86R 6l 109 197 324 L8 568
16IR 86 133 193 254 308 358
L1IR 12 23 42 69 9 118
51IR 51 84 149 233 317 400
861IR 70 127 226 L06 554 697
12R 8 1 21 35 L6 56
BL L2R 35 60 101 159 201 240
SLE 36 61 100 164 226 283
85R 28 L9 90 164 232 291
12IR 23 37 57 93 121 1Ll
L2IR 5 7 10 16 21 26
SLIR 14 23 36 60 79 96
851R 16 26 3 53 69 82
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Lppendix 5: Contd,

Treatmwents Plot No. Time from start of infiltration
15ming 30mine 60mins 120mins 180mins 2LOmins

19R 1 22 33 L9 63 75
DF L9R 10 13 18 25 30 35
S8R 8 12 19 37 52 66
8LR 6 1 17 32 LS 5L
191R 23 35 L9 71 92 109
L9IR 5 10 18 28 36 L5
58IR 15 2l L0 69 89 109
84IR 6 8 1 16 21 2l
1LR 20 27 L1 57 72 86
IR LSR 23 11 69 98 126 151
S6R 21 32 L8 1 103 126

82R 25 38 65 112 159 20

1LIR 30 LS 73 114 149 170
L51IR 368 56 88 121 149 176
56IR 8 12 21 35 LS 55

821IR 6 9 13 22 30 37
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Appendix 5: Contd,

Treatments Plot No, Tine {rom start of infiltration

1Sming 30mins 60mins 120mins 180mins Omins

15R 17 21 28 34 39 Ly
MB LTR 13 21 32 L9 62 72
S5R 20 26 38 58 (" 90
87R L 6 14 30 Ll 57
15IR 9 13 19 30 39 L7
L7IR v 10 15 2y 30 34
SSIR 29 50 83 119 148 172
BTIR I 6 1 21 31 L1
18R 11 17 25 38 L9 59
CP L3R 18 30 50 86 116 143
STR 15 23 33 56 76 9
83R 22 32 L8 75 99 122
18IR 10 14 20 30 38 L6
L3IR 8 12 23 3L L 53
57IR 27 L5 19 135 185 229

B3IR 9 1 22 37 50 60
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Appendix S: Contd,

JIreatments Plot No. Time from start of infiltration

- -

1omins  30mins 6Omins 120mins 180ming 20mins

11R 29 53 86 150 205 250
zZT L8R 15 26 L9 89 124 157
52R 33 55 107 198 287 372
81R 55 96 165 275 374 L63
111IR L0 67 108 180 252 322
LBIR 25 L3 74 133 183 232
52IR 61 110 207 LO7 602 789

81IR 2 39 85 141 191 239



Appendix 63 Cumilative Infiliration (mm). Zero tillage and

conventional tillage comparison.

Treatments Plot No, [Time Irom start of infiltration
15ming 30mins 6Omins 120mins 180mins 24Omins

(8 weeks after planting in 1970),

27 2T, L7 88 154 257 234 L0S
2T, 36 60 106 174 225 265
o cr, 12 15 20 29 36 L2
cT, 5 10 13 17 20 23

(1 week after planting in 1979)

70 a8 6 10 16 32 L5 58
2T, 6 10 16 29 L0 51
op cr, 1 2 3 6 8 10
CT 2 3 L 7 9 1



Appendix 73 Cumulative Infillration (mm): Continuous
cultivation (at l; weeks after planting in 1979)

and Grass fallow comparison,

Ireatnents Replicate Time from start of infiltration

No, Aomins 3Omins 6Omins 120mins 180ming 24Omins
Continuous % L 6 11 18 23 28
Cultivation 2 > 3 9 11 13
3 2 3 L 7 9 1
I 3 5 11 17 21 25
5 2 3 6 9 12 1
Grass Fallow 1 25 43 80 147 210 268
2 20 36 68 133 189  2i1
3 38 67 122 191 258 323
L L1 76 L4 2L9 347 Ll
5 57 97 172 282 384 L81



