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ABSTRACT

An experiment was conducted at Bvumbwe Research Station in Malawi with the

objective of characterizing the soil water status and maize (Zea mays) growth and yield

under traditional tillage practices. Four tillage practices namely Open Ridge (OR),

Residual Ridge (RR), Basin Ridge (BR) and Tie Ridge (TR) systems were used as

treatments.

Instantaneous soil water content was determined in situ by using tensiometers (Model

2900F1) set in the field within 0 - 45 cm depth on rows, interrows, and 2/3 distance

from interrows. Weekly gravimetric determinations of soil water at 0 - 45 cm depth

development stages. Infiltration measurements soon after cultivation and after

harvesting were determined by the double ring method. Runoff collection tanks were

installed at the edge of each plot to collect runoff discharges from respective plots.

Plant performance was assessed on a complete randomised block design (CRBD).

Treatment BR maintained the highest profile soil water content on rows, interrows and

2/3 distance from interrows during the greater part of the season, RR had the lowest

whereas TR and OR had an intermediate profile soil water content. Row soil water

in OR and RR, 6.3 mm in BR and 5.4 mm in TR. The differential patterns of recharge

were used to assess the profile soil water distribution characteristics at different maize

readings were normally lower than interrows with a mean differrence of about 4.5 mm
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and drying within the profile created spatial variations in soil water content at different

depths. There was significant correlation between spatial variations and the mean soil

water content. Subsurface recharge from interrows to rows, narrowed the spatial

variations in soil water content in BR by about 0.0021 and a minimal rate of0.00065 in

RR.

Temporal variances in soil water content ranged from 0.0086 in BR and TR to 0.0053

in RR with intermediate temporal variance for OR treatment. The soil water behaviour

showed a temporal dependence on spatial variations and a spatial dependence on

temporal variations. Higher soil water content in BR was attributed to basin storage

which promoted in situ water retention allowing longer periods for infiltration process

■ to take place leading to the low runoff coefficient of 10% in BR, 18% in TR, 29% in

OR and 47% in RR.

Maize performance was significantly related to the soil water content with the highest

growth rate in BR treatment of 2.11 cm/day, TR 1.93 cm/day in TR, 1.84 cm/day in

OR and 1.39 cm/day in RR at 59 DAP. Tasselling rate, leaf area Index, dry matter yield

responded positively to the soil water variations in the treatments.
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ICITATION

"By all account, plant life evolved in a watery medium followed by an invasion of dryland 

which forced plants to emancipate themselves, so to speak, to an environment in which 

water was no longer available in its original abundance" Meider 1983.
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CHAPTER ONE

INTRODUCTION

Studies in environmental science in the twentieth century indicate a gradual decline in

rainfall, possibly caused by the degeneration of climatic parameters through global

warming a id desertilicalion (1 hire. 1977: 19X5). Ever since man cu'tivated crops in the

ancient civilization along the Nile river in Egypt. Tigris and Euphrates rivers in

Mesopotamia and the Yanglse Kiang river in China, water requirement for crop

production has been recognised and considerable traditional innovations have been

conservation

A report of the Commission of Agricultural Meteorology (CAgM. 1982) estimated that

about hall’of the world population is composed of subsistence farmers who practise

traditional, labour intensive, ruin fed agriculture. The traditional innovations in soil

microclimate management which arc being practised by small holder farmers have

often been looked upon as primitive agricultural initiatives deleterious to the

environment (Shaxson e/ <//.. 1977). Studies on the effect of conventional tillage

practices on soil water regimes have extensively been conducted and models to

estimate the soil waler profile characteristics have been proposed (Radke. 1982; Mahrer

and Avissar. 19X5; Gupta ci <//.. 1990). Since the Darcy - Richards soil water How

geared towards generating farming systems which arc associated with walei
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theory is grossly affected by the response of the physical and hydrological properties of

the soil to tillage operations, it is anticipated that traditional land use systems should

ha\e a unique waler status worth investigating.

In Malawi, about 90% of the agricultural land is under smallholder farmers who

practise traditional farming systems with hand hoc and\or draught power. The

traditional farmers apply knowledge and techniques of soil water management that

have been acquired from individual, social experiences with locally available resources

and ecological selling Most of these local farmers do not have resources to buy tractors

for tillage operations. I he effort by the government to lease tractors to small holder

farmers lasted only lor two years (1978 - 1980) when funds from friendly donor nations

were available to establish (he small scale farmer factor loan scheme (Singa. 1986).

Just like many other soil and waler management projects in Malawi and other

developing countries, the life span of the projects are dictated upon by foreign

investments and by adaptability to the small holder farmer. Once funding is withdrawn.

the projects go to extinction as the small holder fanners cannot maintain such new and

costly innovations. Therefore the focus of the current study

resources which are responsive to the local conditions and adaptable to the constantly

evolving physical and social conditions. Based on the same premise the research

reported herein (Soil waler regime and maize yield under traditional tillage practices)

was to build upon local

was geared to develop a menu of waler management options to be recommended in
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regions with erratic rainfall distribution. Under such environments, crop production

among small holder farmers who use traditional cultivation practices will principally be

based on efficient utilisation of soil w'atcr. Therefore a know ledge of the frequency and

magnitude of the recharge and drying cycles within the rainy season may help to

indicate the most viable traditional land use practice for sustainable growth of maize in

regions with erratic and unreliable rainfall.

I he tillage practices studied in this project were open ridge, the residual ridge, the basin

ridge or basin tillage or furrow diking and the tie ridge systems. These arc traditional

cultixation practices with minor modifications.

I he general objective of this studv was to characterise the soil water regime in open

ridge, residual ridge, basin ridge and lie ridge systems of cultivation. Specifically the

slud) aimed at the following:

(a)

lb)

(c)

(d)

Kahialc the impact of traditional cultivation practices on infiltration process 

and runoIT generation.

Kainate the impact of traditional cultivation practices on soil physical 

properties.

Kainate the soil water status and depletion cxcles in the different tillage 

s) stems during the cropping season.

Kaluate maize response to traditional tillage practices in terms of dry matter, 

plant height, leaf area index and grain yield.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Traditional cultivation practices.

fradilional agriculture is still being practised by a substantial percentage of fanners the

world over. It has been estimated that about half of the world's population depends on

subsistence (mainly traditional type of agriculture) and that 40% of the agricultural land

of the world is in the hands of subsistence farmers (Commission of Agricultural

Meteorology (CAg.M). VII Report. 1982).

fradilional farming practices have evolved through centuries from shifting cultivation

'chitemene system'

(Fitzgerald. 1976) while in some parts of Malawi such as Nlhalire and Misuku hills, it

has been called 'kuiema nthemere'. Despite limited research interests on traditional

farming systems, indigenous cultural practices by small holder farmers have remained

resilient to climatic vagaries associated with droughts and Hoods, leading to a

minimum food security among small holder farmers (Msukwa. 1992). In recognition of

this, the Commission of Agricultural Meteorology (CAgM) Advisory Working Croup

as practised by many communities in the developing countries. In Zambia. Zaire and

Congo basin this system has popularly been referred to as

proposed that traditional microclimate management and manipulation systems be
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studied before changes in kind

smallholders bv the extension sen ice

In an attempt to evaluate the potential of traditional farming systems in soil and water

management, a conference on soil conservation was held in Addis Ababa in 1989 under

the auspices of the centre for International Fund for Agricultural Development (IFAD)

- Africa Division. The objective of the conference was to develop and integrate

traditional farming systems into modern research (Reij. 1991). In that forum a farmer

participators approach was advocated as crucial to the development of sustainable

traditional farming sv stems research I’olicv statements were developed to challenge the

present and future threats to land degradation by incorporating the small scale farmer's

traditional know - how.

Okigbo (1977) and Ruthenberg (19X0) stale that indigenous African farming systems in

their undisturbed form are ecologically sound and have evolved appropriate soil and

water conservation techniques. But more often traditional land use practices have been

condemned as being primitive initiative prone to land degradation and perpetual food

insccuritv among small holdings (Msukwa. 1992). Therefore, more research is required

multidisciplinarv approach to cater for the social sv stems in which the farming

practices emerged and the sustainability of the ecological balance.

use and’or agricultural management arc proposed to

to enhance technical cfficiencv of traditional farming systems. This task calls for a
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2.2 Development of indigenous farming systems in Afriea.

"Although many indigenous farming systems in Afriea are now under severe pressure

or are disintegrating into environmental abuse, they form the most viable basis for the

in many other developing countries in Africa.

indigenous or traditional farming systems have been associated with underdevelopment

aiuPor primitive agiiculture Hence little attention has been rendered to them in

government research priorities Despite the long historical background and widespread

population) in the countn. there has been no significant attention from agronomists.

I fforls directed to boosting waler management in the traditional cotton growing

regions of the l ower Shire were short lived between 1984 - 1986 (Panic. 1986). Prior

to 1984 and after 1988. large sums of money were allocated to non traditional farming

systems and ambitious conservation programmes which have often failed soon after the

withdrawal of external funding (Amphlett 1982: Amphlctt el al.. 1983). In many

instances, high technological innovations which are ven costly arc more often not

be properly

directed towards developing indigenous farming sv stems. a biological 'multiplier effect'

in terms of crop produclivitv and soil and water conservation will be achieved.

I samples of some of the indigenous farming systems associated with soil waler

adapted by small scale farmers. I here lore. if government resources can

(Reij el al.. 1986) In Malawi, as

development of a workable soil and waler conservation (SWC) strategy for the future."

adoption of traditional agriculture among low resource farmers (constituting 75% of the
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conservation from Tunisia. Somalia. Sudan. Burkina laso. Tanzania. Nigeria. Mali.

and Malawi have been cited as follows:

2.2.1 Traditional farming systems in Tunisia.

In Tunisia, "tabias" and "jessours" are traditional water harvesting techniques within a

stream bed. Tabias are earth dams 2 - 5 m high and extend up to 100 m long across the

valley floors. Lateral spillways are constructed to control water How and hold

sediments upslopc the tabias (Reij. 1091)

2.2.2 Traditional farming systems in Somalia

In Somalia the agropastoralists practise "caag" and "gawan" systems. The caag system

is an innovation w hereby the bund is used to capture overland flows from small gullies

at a slope of 0.5%. I he gawan system is an in - situ moisture conservation measure on

plateaus. In this system contour bunds are constructed within the field to a height of 50

cm w ith a base width of 150 cm. Runoff water is controlled by providing gaps in the

bunds which act as spillways (Reij. 1991).

2.2.3 Traditional farming systems in Sudan.

In Sudan, "teras" (which arc earth bunds) arc constructed on three sides ol a cultivated

land in which runoff is collected. I ied ridges have also been used in Sudan to impound

rainfall (Reij. 1991).



8

2.2.4 Traditional farmin" systems in Burkina Faso.

I he Dagari of Burkina Faso practised

of contour bunds on slopes, ridging along contour lines, use of a network of drainage

ditches, the use of small and large mounds 3 - 9 nr with green manure worked under.

alignment of stones around hill tops and fertilization ol'soil using green manure and cattle

dung (Rcij. 1991).

2.2.5 Traditional farming sx stems in Tanzania.

Similaii}. the Matengo tribe in southern fanzania dig circular or semi - circular pits

which are locally called Ngoros’ to a depth ranging between ?t) to 45 cm and 100 to

150 cm in diameter. The purpose of the pits or basins is to increase storage of rainfall

into surface depressions and hence reduce soil loss and storm runoff (Jones and

Stewart. 1990). These pits arc made across the furrow of the ridge - furrow tillage

system. The pits retain rainfall on the surface until it infiltrates into the soil. The soil

dug from the pit is used to bur) crop residues and grass of the previous season. The

current year furrows which constitute the pits become the ridges the following year.

This system of cultivation acts as a water harvesting technique within a short runoff

trajectory and hence can unequivocally be termed a microcatchmcnt water harvesting

technique (Ben - Asher and Boers. 19X2). The raised ground surrounding the pits acts

as a seed bed on which millet and sorghum are planted (Basehan. 1973).

permanent cultivation. The prominent features of Soil Waler Conservation include use

a rotational bush fallow system with some



Research by Jones and Stewart (I WO) in the I ISA showed that plots with basins had

low cumulative runoffand erosion compared to conventional tillage systems. I Io we ver

the efficiency of the basins declined w ith lime and with storm intensity.

On the Ukara island - Tanzania. Ludwig (1968) reports of terracing, tied ridges and

stone embankments being used to conserve soil anil water. furthermore. the Nyiha tribe

in Mbozi area practised shifting cultivation and fallowing. The main features included

burning of turf and trees on the plot, use of mounds and ridges. Sorghum, finger millet

and maize arc the main crops grown in these areas, finally. Dagg and Marcartney

11968) working on (iljoio region with calcareous clav. clay loam and sandy loam soils

demonstrated the potential of tie ridges on runoff reduction. The trial also reports of a

40% yield increment on ued ridges compared to Hat cultivation.

2.2.6 Traditional farming systems in Malawi.

A brief dcsriplion of the traditional cultivation practices in Malawi and elsewhere in the

tropics is outlined as follows:

Use of ridges(I)

Ridging is a method of tillage in which the soil is dug up and concentrated in a

defined region to deliberately raise the seedbed above the natural terrain (Lal.

1990). Ridge tillage in Malawi and in most of the tropical savannas has evolved
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as an integral component of traditional farming. The sequence of operations is

simple and usually depends on manual labour. At the beginning of the cropping

cycle, the natural vegetation is cut down and burned. This is followed by

shallow cultivation with hoes (ridging) which normally aligns the row along the

previous season's interrows. In other cases the previous seasons sod and weeds

are buried in the ridge in order to improve the organic matter status and

residual nutrient status of the soil (Jones. 1974: Benjamin t7 uL. 1990: Jones

and Stewart 1990; Lal. 1990).

(ii) Tic ridges

I he tic ridge system is an improved version of the traditional ridging. The ties

are al a lower elevation (5 to 10 cm lower than the main ridge and connects

two adjacent main ridges at right angles). A series of basins created by the ties

hold surplus walerand allow more time for it to infiltrate into the soil (Lawes.

1966: Daggand Marcartncy. 1968: llulugalle. 1987; Day. 1988). Research

conducted w ith tie ridges on upland alUsols in Sudan showed lower runoff

collection: thus. 0 - 15% of the seasonal rainfall whilst 20 - 45% of the

seasonal rainfall was collected on open ridges. The low runoff front lied ridges

promoted high waler use efficiency by the crop leading into higher crop vield

(I lulugalle. 1987). Dagg and Macartney (1968) also reported significant

increases in yields of cotton, sorghum and maize planted in lied ridges
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compared to those grown on Hal surface in Sukumaland in Tanzania. Day

(19XX) reported an increase in infiltration (2 to 4 limes) leading to higher food

production (6()-9()'!'<i) on lied ridges than on Hal cultivation on alfisols in Mali.

(iii) Mound system of cultivation

Mound or hillock system is a traditional seedbed preparation which has been

used mainly by small holder low input subsistence farmers in the Congo basins

(I.al. 1990) and in Malawi along the lakeshore area. Mounds are normally

prepared by bury ing the sod with large amounts of earth. Mounds are generally

big (about 3-4 metres in circumference) and in practice several planting stations of

cassava are made on each mound.

Elat cultivation(iv )

Elat cultivation is the traditional method of seedbed preparation in Malawi. The

grass and stover from the previous season crop are cleared and planting stations

in the lower Shire valley and in the northern region in Misuku and Nlhalire in

Chilipa District in Malawi.

Studies by I I - Swaily ci <//. (19X4) in India, have shown that performance of Hal

cultivation has been equal to other land surface configurations in terms of crop yield

are made. I his practice is often done for maize, sorghum and millet production
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and have generally demonstrated superior control in soil and waler losses from cropped

Held. In this respect. lhev advocated the

low rainfall. Similarly, higher yield has been reported on Hat cultivation of sorghum in

Scheie (Botswana) than on ridges (Land and Water Management Projects. 1988).

In all these traditional farming practices, there is minimal use of chemical fertilisers and

the operations arc labour intensive.

Research in soil water management in Malawi

In Malawi, trials aimed al developing improved soil and water management techniques

have been conducted in the I ovver Shire I he main objective of the studies was to

characterized bv high proportions of 2:1 clays, low permeability and low infiltration

Tomali series which arc characterized as being highly friable and tend to form a crust

due to rainfall impact (Panic, ci a!.. 1983). In these studies, conducted from 1974 to

1978. Hal cultivation, open ridge svsiem. lie ridge svstcm and basin cultivation were

basins but yields on tie ridge and flat slope cultivation were not significant!) different.

Studies have also been conducted al Chiledzc and Chilala Agricultural Research Stations to

1986). In these studies, five treatments were used viz: Zero tillage, in which grass was killed

tried and planted to sorghum and hybrid maize variety. High yields were obtained on

use of ridges mainly in marginal areas with

assess the effectiveness of tillage practices in crop growth and grain yield (Panje el al..

rate. Alternatively, studies have been conducted on the sandy rich soils classified as the

sustainable crop productivity in the Makandc vertisols which areachieve a
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ploughed once with a tractor and harrowed once and weed control was by use of herbicides

cultivation by using a hand hoe. A general fertilizer rale of 224 kg (NPK)/ha of 20:20:0 and

a lop dressing of 222 kg CAN/ha was applied. In these treatments, the highest yield was

obtained in ox ploughed plots followed by hand hoed and tractor ploughed plots. 'Hie lowest

yield was obtained in zero tillage due to |X?sl and weed (I’aspalum digilatum) infestation

problem. The difference in yield was not statistically significant between treatments.

I uniter to the studies above, there have been experiments in Malawi to assess the

effects of depth and lime of ploughing in both fine textured and compacted soils on soil

structure and maize yield, These studies were also aimed at assessing the suitability of

soils in terms of trafficability and workability and timeliness in carrying out the right

cultivation activity al the right soil water content. In these studies, treatments were zero

tillage, shallow cultivation (0 - 15 cm) depth, deep cultivation (0 - 40 cm) depth done al

the end of (he previous rainy season when the soil was still moist and late tillage done

just before the rams of the new season. In all the treatments, the vield of maize was

lower in zero tillage on both early and late cultivation. Yields in the early deep

ploughed plots were 5% higher than in late deep ploughed plots. Unlike the preceeding

premise, the plots which were tilled late at shallow depth had higher vield than plots

which were tilled early hut wilh shallow depth of cultivation.

by using herbicides (l.asso 72 ml ha of ’X4 If): Minimum tillage, in which the plot was

(Lasso 72 ml/ha); Tractor cultivation: Ox ploughed plots and the last treatment was
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2.3 The effect of tillage on physical properties of the soil.

Tillage is generally the mechanical manipulation of the soil surface in order to modify

soil conditions for crop establishment, growth and yield (I.al. 1982). In all tillage

operations, a mechanical force which is applied to the soil tend to modify the state and

behavioural properties of the soil. 'Tillage operations affect physical properties and

hydrological properties of the soil through loosening the soil, compaction, crushing.

shattering, shearing and inverting the soil (Lal. 1979. 1982: Adeoye. 1982: Cassel and

Nelson. 1985: Kayombo. 1986: Griffith <7 al.. 1986: Benjamin el al.. 1990: Arora. <7

al.. 1990; Aina el a!.. 1991: Cresswcll el a!.. 1991: Daliri and Lowery. 1991).

2.3.1 ‘The effect of tillage on soil structure.

Griffith ei al. (1986) studied the effects of different tillage operations on soil structure

in Indiana. USA and found that after 5 years of maize (Zea mays /.) cropping, the soil

aggregate stability was increased in reduced tillage with the highest increases in the no

till systems. Chisel and disc tillage systems produced aggregates with an intermediate

pulv erised. According to Griffith el al. (1986). yields of maize and soya beans ((ilycine

max/ improved with lime in no till plots and eventualh exceeded those from the

conventionally filled soil.

level of stability. In the mouldboard tillage operation, most of the aggregates were
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Wyseurc el al. (1992) demonstrated that tillage operations have immediate, short term

and long term impact on physical properties of (he soil. The gradual deterioration of

soil structure, soil bulk density and total porosity due to mechanical force by tillage

implements and rain drop impact during the rainy season have been stipulated in the

structure degradation path analysis shown in Figure 1.

Antecendcnl soil structure------

Tillage operationTillage operation

I leavv mechanisedTraditional

Post cultivation soil structure

Rainfall impactSoil waler

Management

Options

Final soil structure <-

Figure. 1 The soil structure degradation pathway during cultivation.

(/Mier Wyseure ci al.. 1992).

I

! 
I
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2.3.2 The effect of tillage on bulk density of the soil

I he effect of tillage on bulk density and mechanical impedance has been investigated

by a number of scientists in recent years (Adeoye. 1982: Cresswell el al. 1991: Cassel

and Nelson. 1985: Kayombo. 1986 and Agcnbag and Marec. 1991). In all these

studies, it was found that bulk density of the soil aggregates increased with depth

depending on the degree of pressure exerted by different tillage systems. But also the

studies showed that mechanized tillage systems cause spatial and temporal variations

in soil texture, structure, pore size and pore size distribution and organic matter

content. I resswell el <//. (1991) reported low bulk densitv values under minimum

ullage while rclativelv higher bulk density values were recorded in the chisel, disk and

mouldboard tillage. Studies conducted on alfisols on south west Nigeria showed that

after five vears of continuous mechanized farming using conventional tillage bulk

As opposed to traditional farming systems where light equipment is used in clearing

the land, the continuous use of mechanized tillage systems on a piece of land exposes

the structurally fragile soil to high intensity storms ami year round high temperatures.

These external forces tend to cause slumping of the soil due to excessive wetness

and/or due to the kinetic energy associated with rainfall impact (Cassel. 1980). All

these external forces lend to generate change in bulk density soon after tillage

operations.

density increased from 0.68 to 1.41 Mg'm’ (IITA. 1984).
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2.3.3 The effect of tillage on mechanical impedance of the soil.

Mechanical impedance is the capacity of the soil to withstand forces without

experiencing failure whether by rupture, fragmentation and/or How (Cassel. 1980:

Adeoyc. 1982: Kayomho. 1986 and Cresswell et al.. 1991). This parameter is

cone

penetrometer (Cassel. 1980. Hillel. 1980). Research carried out by Cresswell et al.

(1991) and Agenbag and Marcc (1991) showed that cone resistance was lower for the

tilled plots but rose significantly after the first rains when the pores were sealed with

line soil particles.

2.3.4 ’I he effect of tillage on pore size distribution.

Tillage systems modi!} the size of the soil pore system and its continuity (Adeoyc.

1982: Daliri and Lowery. 1991: Unger and Cassel. 1991). Pore size distribution is

dynamic and depends on the ability of the soil aggregates to withstand pressure exerted

h> different tillage systems and rain drop impact (Adeoyc. 1982). Unger and Cassel

(1991) reported variations in pore size and pore size distribution between no till and

conventional tillage. The no till plots had a smooth surface with small pores while

Helds cultivated with the mouldboard plough and disc plough created rough surfaces

with large surface macropores which increased infiltration al the beginning of the rainy

season.

or pocketevaluated by measuring the resistance to rupture by using a
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2.4 The effect of tillage on the hydrological properties of the soil.

2.4.1 Simulation of cropland soil water balance

Computer simulation models to describe soil water recharge and depletion patterns

have been developed by crop modelling experts based on the simplified continuity

equation of the soil - plant - atmosphere - continuum (Phillip. 1966). The continuity

equation which constitutes the law of conservation of matter and energy in an

ecological system can be represented as follows (1 lilleL 1979. 1980):

Op-(P t l)-(R-ET-l)D) (I)

where Op is profile soil water content. P is precipitation (which could be rainfall.

irrigation, dew and frost). R is runoff. ET is evapotranspiration and 1)1) is deep

drainage below the root /one and 1 is infiltration.

Campbell (1974) advocated the use of MORECS (Meteorological Office Rainfall and

evapotranspiration, soil water depletion pattern and other components of the water

balance. The MORECS soil water depletion term derived from equation ( 1 ) is

(2)

for SWI) < () (3)

where SWI), is soil water depiction on day (i). |-. is evaporation on day (i) S\VI)i4| is

soil water predicted by the model for day (I-i I).

Evaporation Calculation Scheme) in order to estimate weekly and monthly

SWI).., - E.-P,

SWI),., = SWI), -t E, - P, for SWI) > 0
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Similarly. Campbell (1985). Bristow e/ <// (19X6) and (houdhury and Monteith (1988)

used the Soil Water Energy and Tanspiralion (SW1A I ) model to estimate soil water

and other components in the continuity equation. Both MORECS and SWEAT.

however, do not describe the spatial variability of soil water under different soil

management practices. Lack of flexibility in the models to accommodate the variations

in rainfall intensity and subsequent distortions in the infiltration and runoff relationship
i

with time, limits the use and adaptability of these models.

2.4.2 The effect of tillage practices on soil water retention

( onserxalion tillage sx steins general lx haxe higher <oil water content during a large

part ol the growing season due to increased infiltration and decreased evaporation

losses. Research by Blevins ei al. (1983). Adeoye (1982). Johnstone e/ al. (1984).

Griffith ci al. (1986). Benjamin <7 al. (1990). Agenbag and Maree (1991). and by

Arora el al. (1991). has shown that soil volumetric waler content is higher in reduced

tillage than in the conventional mouldboard and discing systems. Likewise, studies

conducted bx Osuji (19X4) in Northern Nigeria showed higher waler content in manual

tillage systems within 0 - 30 cm depth than in the mechanized farming system. But

bexond 30 cm depth tillage operations seemed not to have significant influence on the

soil waler regime.
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Zhai el nl. (1990) studied soil water retention by evaluating the recharge and drying

coefficients of a I y pic I lapludalf (Loam) soil subjected to conventional tillage

practices (Cl), short term no tillage (SNT) system and long term no tillage (I..NT)

systems. Spatial and temporal variations in soil waler content were determined by

using permanently placed lime domain rcllectometry (TDK) transmission line probes

(Van Wesenbcech and Kachanoski. 19XX: Van Wcscnbecch ci <//.. 19X8). The drying

and recharge coefficients on row. inierrows and 1/4 point from the inierrows were

evaluated by the following relationship:

(),., expt-kit i <4)

subsequent measurements.

after a recharge effect: k, is the drying rate constant (per day ) at location i.

In this study the long term no tillage treatment had a belter water conservation on rows

and inierrows than comentional tillage practices at all stages of crop growth. 1 his was

associated with the low drying coefficients in I X 1 and SNT compared to C 1.

()„. is soil waler content at the start of the drying phase

where ()„ is soil waler content al different layers al location i: t is duration between
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2.4.3 The effect of tillage on infiltration rate

2.4.3.1 l-'.nipirieal infiltration models

1 lorlon (1940) defined infiltration as entry of waler into a soil profile from the surface

with maximum infiltration capacity reached when a steady state flux movement is

realised. Childs (1969) considers infiltration process as flux movement into the profile

incorporated in the Richard's one dimensional equation as follows:

(5)60 6l - 6.6/ |K(hit6h 6/)- 11

where d() 6t is change in profile water content upon infiltration. K is hydraulic

conductivity of the surface layer and of the hulk of the w hole profile, h is depth of the

surface laser. 6h/6z is the hydraulic gradient.

By adopting this model, several scientists have demonstrated the infiltration processes

by using simulated rainfall on small Im x Im experimental plots (Burwell and Larson.

1969: Swart/endrubcr. I960: Sitlira ci uL. 1983; Morin cl al.. 1984: Burch ei til..

1986). I he limitation of a small watershed simulation experiment is lack of true

replicability on rainfall distribution and intensity and their effect on infiltration model.

But also, lack of authentic representation of field management systems and cultural

practices limit the adoption of simulation experiments for large catchments. In view of

as a function of hydraulic conductivity and hydraulic gradient al the soil surface. The

latter definition takes account of the transient waler flow patterns which arc
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this shortcoming in most models, a relationship to predict the infiltration rale fora bare

soil was proposed by Morin er al. (19X4) as follows:

I - If ■> (li-lf) exp (- ■/ pl) (6)

where li and II arc the initial and final (steady slate) infiltration rales respectively: t is

time from the beginning of the rain, y is the soil coefficient related to soil stability and

p is the rainfall intensity.

2.4.4 The effect of tillage practices on Infiltration and surface runoff.

Rockwood and I .al 119X41 carried out research on the effect of tillage on surface runoff

and infiltration rale on a plot planted with maize in Nigeria. Runoff collection from

bare fallow plots was higher than runoff collected from ploughed plots. The reduction

of runoff in ploughed plots was due to ponding on the depressions w hich allowed more

lime lor waler to infiltrate into the soil.

Similar studies were conducted by Niccou ci al. (19X6) in Burkina l-’aso with the aim

ol determining the effect of tine tillage, ploughing, ridging and lied ridging on the

conducted, ploughed plots had low runoff \allies especially al the beginning of the

water balance anil yield of crops. Oxer the three years that the experiment was

rainy season. Ridging and tied ridges promoted infiltration which sustained higher
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moisture content throughout the growing season and even when drought conditions

prevailed.

Van de Ween and Lenselink (1972). cited by Kayomho 119X6). reports that mechanical

clearing of land in Surinam resulted into a large reduction of infiltration rate and a total

I ikevvise. Alegre el ul.

(19X2). cited by Kayombo (19X6). demonstrated in a research carried out in Peru that

the manually cleared plots had higher inlihralion rales averaging It) emit whilst the

plots cleared by bulldozers or tractor drawn implements induced compaction which

reduced the infiltration rate to <1.5 cm h Studies conducted in Nigeria bv I .al and

Cumming (1979) showed that soil cleared In mechanical and hcavv duty tools

deci cased inliltration rate, total porosilv and the proportion of macropores ( 14.3 mm

radius) through compaction of the soil bv tyre pressure anchor heavy duty tillage

implements.

2.4.5 The effect of tillage practices on hvdraulic conductivity.

Daliri and Lowery (1991} carried out studies on the inlihralion rates and hvdraulic

conductivities of the (iilstone sill loam soils, fhe studies showed that the hvdraulic

conductivity is greatly influenced by the nature and arrangement of pores. When water

infiltrates into a dry soil, line pores are filled fust and transmit water first followed by

larger pores at or near saturation point (I lillel. 1979, ]9X(); Daliri and Lowery. 1991). It

elimination of macroporosily to soil depth of up to 25 cm.
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porosity. initial moisture of the soil and the heterogeneity of the soil.

Studies by Morin e/ id. (19X4) on soils which develop surface crusts upon impact by

raindrops showed that hydraulic conductivity tends to decrease with time. The

conduct i\ ity of the crust layer was estimated by using the equation:

(7)K. - - (K, - K,) - expt ypt)K

where Ke is conductix ity of the crusted layer (cm/h). K, is final hydraulic conductivity

(cm hl. K, is initial hydraulic conductix ity.

2.4.6 I he effect of tillage on soil temperature and heat flux.

Griffith ci id. (19X6) and Benjamin cl id. (1990) observed that maximum and daily

conxentional mouldboard tillage especially in the first 4 to 6 weeks after planting. The

lower soil temperatures were caused by the higher residue cox er and higher soil waler

content. I he temperature differences play a significant role in the transmission of water

under unsaturated conditions (I lillcl. 19X0: Benjamin cl id.. 1990).

Research conducted by Benjamin el id. (1990) on water and heat transport on Hat.

furrows or ridge treatments showed higher maximum temperature and lower minimum

was concluded, therefore, that the hydraulic conductix ity of the soil depends on

average soil temperatures were lower under conservation tillage than under



2r

temperature pattern between

I lultigalle (19X7) lound no significant soil temperature difference between Hat

cultivation and open ridging.

I'lie effect of tillage on crop production.

Plant grow th and grain v icld

conventional mouldboard tillage. I he studies showed that reduced tillage gave higher

drv matter y icld. fast growth rale and high grain yield on well drained or sloping soils

than on poorlv drained soils (Griffith cl <//.. 19X6). Studies conducted in semi arid parts

of I an/ania by Dagg and Marcartnev (196X) complv with the results obtained In

tropical alfisols in Nigeria.

showed that mcchanicallv cultivated plots had higher v icld advantage over the

effect of manuallv cultivated land resulted into an equallv

production than the mechanically tilled plots.

Griffith ci ill. (19X6). But also Osuji (19X4). working on

manuallv tilled plots in the earh phases of lhe experiment. However, lhe long term

or relatively higher crop

tcmperaluic on ridge than on Hal surface or on furrows Hence, lhe ridge peak dried

more quickly than the furrow Similarly. Gupta cl <//. (199(1) found a sinusoidal

a ridge and furrow system. Whilst on a similar study.

conservation tillage produced higher maize yields than the yields from the

uiop growth and vickl under diffcient tillage systems, lhe results indicated that

I ong term tillage studies were conducted throughout lhe stale of Indiana to measure



2.5.2 Root growth and distribution

compaction (Kayomho. 1986). According to Arora cl al. (1990) root length index

(RI.I) [which is a depth integral of root length in a given segment of rooted profile] in

disc or mouldboard tilled plots was almost double that of reduced tillage and/or

shallow tilled soils In conventional tillage practices, the soil loosening process

promotes good root proliferation as opposed to shallow cultivation methods.

2.5.3 Water requirement by plants

Waler constitutes more than 90% of die fresh weight in most plants ( Turner and Burch.

1983). Soil waler status is dependent on soil management practices, soil type and crop

factors. When soil water reserve is depleted plants have to expend more energy to

counteract the matric Ibices which hold water to the soil colloids (Vechmeycr and

Hendrickson. 1950). The droughts occurring intermittently within the rainfall season

lend to have adverse effects on the physiological and morphological processes in plants

considerably affect both grain and dry matter y ickl.

Critical water demand periods by maize2.5.4

Robin and Domingo (1983) reported that willing of only 1 to 2 days during pollination

period reduced maize yield by 22%. A stress of 6 to 8 days reduced yield by 50%.

Ullage effects have an impact on root growth and development through soil

( I Timer anil Burch. 1983) and have been reported by many agronomists to



Dcnmead and Shaw (I960) reported about 50“<i reduetion in maize yield in pol

experiment stressed lor 5 days within the lasselling and silking stages. Similar stress

conditions prevailing at ear development and senescence stages gave 25% and 21%

reduelion in jicld respectively.

Studies by Claassen and Shaw (197()a.b) report of plants subjected to various irrigation

programmes. In these studies, stresses of up to 4 davs rendered significant effect on

crop vegetative growth Dry matter and grain yield dropped In about 15% and 17%

stressed for three weeks during lasselling period. >’ield

persisted al 75% lasselling stage.

In all these studies waler stress al silking stage was more critical to grain yield than

stress al other phonological stages.

respectively when crop was

icdiiclion of more than 50% was reported for events where drought conditions
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Location of experimental site

The experiment was conducted al Hvumbwe Research Station in Malawi. The basement

complex is basicalh composed of Precambrian chamokilic granulite intergrade with

gnessic banding (Geology Map of Malawi. 1979).

3.1.1 Climate

The agroclimate is influenced and modified by the great diversity

experimental site is located in the intergrade between the rill vallcx floor and the rill x-allex

escarpment. The impact of the Semi Arid condition of the Lower Shire Valley, classified as

Sahelo Sudanese (l.’NDP. 1970). has in the past 5 years (1989-1994) generated a wave of

dry weather which has grossly affected the rainfall pattern in lhe area. Ibe winters arc cool

from Max to August with lowest annual temperatures of lO'c in Jul} and annual maximum

pressure and the Equatorial low pressure belt

(ITC’Z). When the Equatorial trough moxes south in Summer, lhe collision xxilh North blast

Monsoon Winds bring moist air which gixes rise to conxectional rainfall - typical of lhe

in physiograghy. The

or the Inter Tmpical Convergence Zone

temperatures of 32"c in October, l he occurrence of rainfall in Summer, normally from

October to April, is a result of lhe interraciion between the sub tropical ridge of high
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area up to the Lower Shire and the Thvolo escarpment which overruns the experimental

site.. Spatial and temporal variations in rainfall distribution in the region is quite significant

partly due to variation in physiography and partly due to air pressure inversion created by

the adiabatic cooling of the rising warm air pockets.

Mean annual rainfall range from 600 - 1200 mm as shown in I'ig.ure 2 . Sometimes.

however, rainfall of higher intensity is recorded when cyclones originating in the Indian

()cean cross the Mozambique channel into the mainland.

I he UNDP (1970) subjected ten vears of rainfall figures from 46 recording stations in the

icgion to statistical anal}sis 1 he data showed low probability values on rainfall occurrence

40 vears rainfall records reveal cases of below normal or excessive annual rainfall
4

causing significant runoff as shown on I'igure 3.

Vegetation3.1.2

I he vegetation in this area is characteristic broad leaved tall Hnichystcfiia spp. Despite

hcav v deforestation for arable cropping, remnants of Bruc/jv-v/egiii pilhernuriliu and

i

ion a 10 dav period and a high coefficient of variation in rainfall distribution. Assessment of
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Rrachysicgiu isoherlinia (Stobbs. 1970 and Shaxson. 1977) can he seen here and there.

During the dry season, tall grass grows giving typical Savanna biotic communities.

3.2 Soil characterization.

A preliminary survey of the site was done. A total of 12 small profiles 0 - 90 cm depth

in which runoff collection drums were installed, were studied ( See Figure 4). Besides

these, one profile was extended to 200 cm depth at a site adjacent to the experimental

site and soil horizons were described according to the soil taxonomy and USDA

systems as indicated in Appendix la. Soil samples collected from the profile al 0 - 15.

15 - 28. 28 - 76. 76- 115. 115 - 145. 145 - 160. 160 - 200 cm were used for textural and

chemical analysis as follows:

3.2.1 Particle size analysis.

1'his was done by using the hydrometer method as modified by Anderson and Ingram

(1993). The density of the soil water suspension was measured with a Bouyoeous

hydrometer which was calibrated to read the density of the soil water suspension in

grams per litre (g'litrc) for a given time and temperature. 1'hc dispersing agent used in

the sedimentation cy linder was sodium hexametaphosphate and the suspension was

made up to the one litre mark with distilled water. I he hydrometer readings were

corrected for the temperature changes ami the proportion of suspended material (sand.

silt and clay) were calculated as the percentage of the ratio of the hydrometer reading
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ilcllncil based on the I :SI)A textural triangular.

Tabic I. Particle size distribution before tillage operation.

Dept h( cm) "oSill "oclav " Iisand class

•A ■> 57 scl0-15 It)

15-28 35 56 scl'.SC9

55 3728-76 8 c

■>76976-115 4 c

-127 51I 15-1-15 c

-127145-160 c

39160-200 8 c

1 .owolc and ( hilima. tpcrsonnal communication) classified the experimental site as a 1 > pic

I hemiic I lapludalf based on the I S|).\ (1975). The soil is classified as follows:

Allisol()rdcr

I ’dalfSub order:

I lapludalf(ireal groups:

scl - sandy clay loam 
sc - sandy clay 
c - clav

and the oxen drx weight ol the sod I he textural classes presented in Table I were
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Subgroup Typic I lapkidair

families : Kaolinite Typic Thermic I lapludalf

Chemical analysis3.2.2

CD 620 digital pH meter. Total nitrogen content was detemiined by the kjcldahl method

(Breniner.1965).

Extractable Phosphorus was detemiined b\ the liras and Kunz (1945) method. Illis

method removes Phosphorous by dissolution of the sorbing components and extracting

extractable P was detemiined colorimeirically b> the ascorbic acid method of Olsen ef al.

(1954).

()rganic carlxin was detemiined b\ the dr\ combustion method with |iotassiuni diehromate

as stated b\ Allison (1965land modi lied b\ Anderson and Ingram 11993).

The exchangeable bases were extracted from the soil with IM Cl LCOONI l.|. pl I 7.0 and

using IM KCI for comparison. Ca and Mg were measured using a Perkin - Elmer model

Soil acidity was detemiined by measuring the pl I of 1:10 soil: solution suspension using a

some sorbed Phosphorous tn desorption. A modified procedure which uses 14 cm'

solution containing 0.03M XI1J and O.O25M IICI with 2g of soil was adopted. The
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and 285.2 nm wavelengths respecli\e)y. I’otasium was estimated by a flame photometer.

Micronutrients i.e. Cu. Zn. Mn and l’e were determined by extracting with DTI’A

measured using the Perkin Elmer Model 3030 AAS. All the chemical properties of the

Kaolinite Typic Thermic I lapludalf soil are reported in Appendix I b.

i

Experimental layout3.3

Each plot was 5.4 x 5.4 m with a runoff discharge channel 5.4 m \ 0.6 m running parallel to

the experimental plots. A storm drain (22 x I x 0.45m) was made on the upper pan of the

field. A waterway was constructed lo lead the runoff discharge from the storm drain to a

safe disposal area as shown in f igure 4. The experimental site was flat with a slope of

0.02%.

3.3.1 Treatments and experimental design.

A randomised complete block design (R('BD) with 4 tillage treatments replicated three

limes was used. I he treatments namely. open ridge, basin ridge, tie ridge and residual

ridges, were prepared just before the rains with ridges spaced at 90 cm apart.

(Diethylcnctriamine penta acetate al pH 7.3. The concentrations of Cu. Zn and Ee were

3030 atomic absorption spectrophotometer (AAS) with air acetylene flame at 422.7 nm
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(i) Open ridge system (OR)

I his is a traditional cultivation in which the ridge is made in the furrows of the

previous ridges. I he prev ions crop residues were cleared but a good soil depth was

made to act as seedbed. The height of the ridge measured from the centre of the

furrow was 30 cm.

(ii) Residual ridge system (RR).

In this case the prev ious ridges were used as seedbed for the crop. I he previous

vegetation was just burnt and the seedbed was prepared b\ making planting

stations and removing the unburnl stalks using a handhoe without further

disturbing the ridges I he average height of residual ridges was 10 cm.

Basin ridge system (BR).(iii)

Ridges were made just like in OR with furrows divided into 4 basins spaced 100

the basins was used to raise the wall of the basins which connects the two parallel

ridges ai right angles. I he basins were I > - shaped.

Tie ridge system (TR).(iv)

This is an open ridge with lies made al a spacing of 150 cm apart. The height of the

tics was 10 cm below the main ridge and cut the main ridge al a right angle.

cm apart. Basins were sunk 45 cm below the ridge height. The soil removed from
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rows.

In all treatments, runoffcollection tanks were installed at the edge ofeach plot as indicated

on Figure 4. The tanks were set within the channel making a boundary between the blocks.

An early maturing hybrid maize NSCM 41 variety was planted on November 14. 1993 at 4

seeds per station spaced 90 cm apart. The total number of seeds per plot was 120 and were

Single application of 23:23:0 NPK was done two weeks after eincrgcncx at 224 kg NPK/ha

emulating the low chemical nutrient input b\ small holder farmers.

Statistical analysis33.2

Simple correlation coefficients were calculated between mean soil water content and the

spatial and temporal variances in soil waler content between treatments. Analysis of

variance (ANOVA) as outlined by Snedecor and Cochran (1989) was used to assess

treatment effect on physical. h\ drological anil crop parameters based on the model:

Yij tX)

where Yij - response.:: is general mean (residual moisture content). Ti is treatment ellect.

I hmean's New Multiple Range fest.

I .ikewise. the previous season furrows Income the position of the current scsason

;?j is block effect. .*ij is error effect, freatincnt means were compared b\ using the

‘ li ■ .-j • .-ij

thinned to 3 plants per station giving a total plant population of 37.000 plants'hectare.
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3.4 Agronietcorologicai data.

Agrometcorological parameters (appendix 2a) were observed from the meteorological

station located 100 metres from the experimental Held. Hence those observations made at

the station were assumed to apply to the experimental site. The following meteorological

parameters were determined:

Maximum and minimum temperature and the dry bulb depression were measured by the

maximum and minimum thermometers and the drv and wet bulb thermometers

respectively: Rainfall

bucket tv pc gauge. Rainfall data was subjected to penlade analvsi^ (see appendix 2b) in

w hich 5 day averages were plotted against the number of pcntadcs in the season. Rainfall

intensities were calculated from the autographic rainfall charts and ?() minute maximum

intensity (Rl;(l)and 60 minutes maximum rainfall intensity (RI,„;) were calculated. The

number of rainy days were also calculated from the daily rainfall records for each month.

fhc rain} days were considered as days receiving more than 0.5 mm. Likewise the length

of drv spells was calculated as days receiving equal anil or less than (I 5 mm.

Sunshine duration was measured by using the Campbell Stokes sunshine recorder. Wind

speed was measured by using the cup anemometer installed 2 metres above the ground. Pan

evaporation was measured by using a IS class A pan which was 1220 mm in diameter.

The data was collected for the period from I'1 October 1993 to 31 1 April 1994.

was measured bv the autographic rainfall recorder and the tipping
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3.5 Determination of physical properties of the soil after tillage operations

3.5.1 Dry bulk density

sampler with removable cylinders that fit into the main core sampler. Illis was done two

days after the first rains in order to minimise compaction. Ilie initial bulk density (pb)

determination was sampled from the following depth viz: 0-5. 15 - 20. 40 -45. 60 - 65. 100

- 105. 145 - 150 cm depth in order io characterize the soil. Subsequent pb determinations

were sampled from 0 - 5. 10 - 15. 25 - 30. 40 - 45 cm depth after every 4 weeks. I xcess soil

Ihe core samples were weighed and then dried lor 48 hours al 105' C. I he dry bulk densiiv

1 larlge 1986).

3.5.2 Total porosity and "/> macroporosity

I oial porosiiv of the soil is the volume of voids in a core sample. This was calculated from

ihe relationship of bulk densiiv iph) and panicle density (pp) as follows:

(9a)s,- (1-pb Pp)

2.65 Mg ni’ for most mineral soil (Blake and I lunge. 19S6; Saka and Haque. 1993).

). pb is bulk density (Mg/nf). pp is particle densiiv assumed pp

on ihe core was scrapped off using a sharp knife so that ihe soil was levelled with the core.

Samples for bulk densiiv delennination were collected from each treatment using a core

was calculated bv dividing ihe mass of the oven dried soil by the core volume (Bloke and

w here S, is total porosiiv ("<•



Macroporosily is the void proportion which drains first after the rains and constitutes the

largest pore size fraction in the core soil sample I he proportion of inacropores is defined

follows:

Macroporosily = S, - 0v( i-c) (9b)

where S, is the total porosity and 0V(K, is the volumetric water content at field capacity.

3.5.3 Aggregate stability

3.5.3.I Dry Sieving Method.

Air dried l()g soil samples were sieved on a 0.2 mm sieve. I he samples were agitated by

shaking the sieve by hand until all line material passed through the sieve. The degree of

aggregation was calculated as indicated by Saka and I laque (1993) as follows.

Degree of aggregation - (\Vp-Wo)/(Wa-Wo) (10)

where Wp is total weight of material retained on the sieve (g). Wa is weight of air dry soil

(g). Wo is weight of coarse sand obtained from particle size analysis (g).

3.53.2 Degree and rate of dispersion

live undisturbed soil aggregates (3 - 5 cm in diameter) were cautiously dropped into a 1000

ml beaker which was filled with water and observations on aggregate dis|x*rsion were

made. The degree of dispersion was observed alter 2 and 20 hours. Ihc following scale was

by finding the dilfercnce between total porosity and soil waler content at field capacity as
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used to evaluate the degree of dispersion

(1992).

no dispersion()

slight dispersion recognised by slight milkiness of the water adjacent to the

aggregate plus the possibility of narrow edging of the dispersed clay to part of the

aggregate after 20 hours.

moderate dispersion clearly \ isible.

strong dispersion with considerable milkiness and about half of the original3 =

aggregate dispersed.

complete dispersion leav ing only sand grains in a cloud ol clay.4

I he dispersion index (1)1) was estimated by summing up the dispersion marks. Qualitative

comparison of dispersion was done by using a-solution of Cat l2.21IX) in which no

dispersion occurred.

3.6 Determination of hydrological properties of the soil

3.6.1 Gravimetric soil water analysis.

Soil samples from rows and interrows were dried in the oven at 1 ()?"(.' for 20 hours, cooled

in a dcsicator and weighed. Waler content. 0g. was calculated as the ratio of the waler loss

on dry ing to the oven dry mass (Kamara et al.. 1992; Saka and 1 laque. 1993).

as slated by l .ovcdav (1974): Kamara el al.
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3.6.2 Volumetric soil water content

The \olumeiric water content (Ov) was determined from field soil samples by finding the

follows:

Ov -Ogxpb/p„ (Ila)

where Ov is volumetric soil water content (cm7cm'). Og is the gravimetric water content

(g/g). pb is the bulk densitx of the soil (Mg/m'). p„ is densitx of water assumed to he 1.00

The weighted mean piolile water content for each treatment was calculated by the

summation of the product between volumetric waler content for each layer and respective

depth as follows:

(Hb)v.6zOp

where Op is mean profile waler content (cm7cm') in 0 - 45 cm depth: fiz is the profile

depth (cm) with similar textural class in which the manic potential and estimated water

content is expected to be constant and i ranges from 1.2.3: z„ and z, is depth integral from

the surface. ()v is soil volumetric water content at () - 15. 15 -28 and 28 - 45 cm depth.

product of the gravimetric waler content and the bulk density of the respective layer as

(./l o, 
Zip

(Mg. m').
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3.6.3 Measurement of the low soil suction

Measurement of low suctions in this project was done by using tensiometers model

29001'I.

3.6.3.1 Recharging the Tensiometers.

The tensiometers (Model 2900F1) were recharged by filling the handle with clean water

using a spoon whilst the porous lip was dipped in water. The null knob was opened until

the red mark was visible. The vaccum gauge would drop to zero and the probe was ready to

be used in the field.

3.63.2 Field calibration of tensiometers

The tensiometers (Model 2900FI1 were set in the field at the following depths: 0-15 cm.

15-28 cm and 28 - 45 cm depth. Soil samples were collected al respective depth to

determine the water content after each mairic potential reading. The conversion of soil

matric potential (p) to the estimated soil water content in the profile (0\) was done by using

the relationship between suction and water content by Visser (1969) which is expressed as:

(12)th

where Ov is the soil waler content (cnT'cm'i. (a) relates to the soil moisture characteristics

of (he given horizon, (p) is the tensiometer reading in bars, exponent th) relates to profile

characteristics.

h ap
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(suction) for the three textural changes in the profile i.c 0-15 cm. 15-28 cm and 28 - 76 cm

as shown in figures 5a. 5b and 5c. By least square method, the regression constants in

Table 2 indicated very good correlation between volumetric soil waler content and matric

potential. The regression constants were lilted into equation 12 to estimate the volumetric

water content for the three textural classes defined in fable 1. The estimated soil water

content on rows, interrows and 2/3 distance from interrows at 0-15 cm. 15 -28 cm. and 28 -

45 cm are repined in Appendices 3a. 3b and 3c respectively.

3.6.3.3 Held soil water determination

I'ield measurements were done on each treatment b\ using an aria) of tensiometers.

1 loles were drilled using a coring tool to the following depths: 5. 20. 30 and 45 cm on

the interrows (centre of the furrow) and al the base of the ridge

(distance 2/3 from the interrows). The tensiometers were inserted into the holes al the

three sampling sites with great care to ensure smooth contact between the ceramic tip

and the soil. The equipment was allowed to equilibrate for 15 minutes until the dial

gauge showed no further movements. I he reading was then recorded in centibars. This

rows (ridge lop) on

was the matric potential of the soil

Tensiometers were calibrated by plotting log,,, (volumetric water content) against logHI
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fable 2 (alihration ofTensiometer (Model 29001*'!)

depth ba s.e. s.e.r

0-15cm :i 0.022 -0.152-0.247 O.920 i 0.023

15-28cm -0.103-0.3 IS ±0.017 0.924 ±0.014

28-76cm 1- 0.035-0.359 -0.076 (1.770 ± 0.022

w here a and b are (he regression constants. s.e. is standard error of the regression constants

and r is coirelation cocllicicnt.

3.6.3.4 Soil water release characteristics

Coic samples lor soil waler release characteristics were collected from 2 layers: 0 - 5

cm and 15- 20 cm depth from all treatments using a core sampler. I he core samples

were w rapped at one end w ith a piece of polyester cloth and saturated overnight on a

porous plate of the Haines apparatus. When the required saturation levels were

achieved, the core was removed from the I laincs apparatus and transfered to a pressure

plate extractor I he samples were subjected to the following progressive pressures: 0.1

bur. 1 bar. 2 bars until the} were at equilibrium with the surrounding atmosphere. Al

the end of 2 bars equilibration the cores were dried in an oven at 1 ()?"(' for 24 hrs and

final weight was recorded (Klntc. 19,86).



used. Samples were put in

samples were then progressively subjected lo pressures of 3 bars. 5 bars 10 bars and 15

bars until the samples were at equilibrium in each stage (Saka and I laque 1993). Some

samples were slow' lo respond due to compaction and resampling had lo be done. The

follow ing calculations were made:

(13)|MI-M2'M2|xpi,p„0g

Where' Ml is mass of wet soil al 0H or al oU|,(gi. M2 is mass of o\cn dry soil (g). ph is

0.2"i> at 20"C.

3.6.3.5 Saturated hydraulic conductivity

Core samples collected from 0 - 5. 15 - 20. 35 - 40 and 60 - 65 cm. were covered at the

base with a muslin cloth fixed with a rubber band. The samples were placed with the

below 5 cm. I he cloth protected the soil from dispersion and thus preventing the

alteration of the soil structure. The samples were left lo saturate for 24 hours or more

until full saturation was achieved. I he samples were allowed to drain for 2 hours and

were placed in metal cylinders perched on wooden rack as shown in figure 6.

put on lop of all coresWhartman filler paper trimmed lo core size diameter (5 cm) was

l or higher tension. C'2 bars) disturbed soil samples were

soil bulk density (Mgm). pw is density of waler taken lo be 1.00 Mg m‘ with an error of

cloth covered end down in a tray which was filled with waler to a depth just slightly

rubber rings (.3.5 cm in diameter) onto a porous plate and saturated with water. The
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head was created by placing wash bottles filled w ith an equal volume of water on lop

of each cylinder creating a constant I cm hydraulic head. Measuring cylinders (100

ml) were set underneath the wooden trap to collect the percolate at a recorded lime

interval (Green el al.. 1986 and Saka and Haque. 1993). Hence saturated hydraulic

conductivity (Ks) was calculated by using equation below:

Ks- Q At. I. 11,-1 k (1-4)

where Q is volume of percolate collected in the measuring cylinder, t is lime interval

(min). I lj-1 l?(6l I) is length of soil column (5 cm) plus a water head 11 cm). I is length

of the soil lav er. \ is the cross sectional area of the core (cm’).

Estimation of drying rates of the soil.3.6.4

The drying and recharge coefficients were estimated by using equation 4 after Van

Wesscnbcch and Kachanoski. (1988) and Zhai et al. (1991):

(15)kj - -hit),! tin

where k, is the drving rate constant which is calculated as the decline in profile water

content with time and i stands for row. interrows and 2'3 from interrow. 0u is soil

water content within a defined depth al relative time t (davs) ()„, is the initial soil water

to prevent the initial trickle force of waler from scouring the soil core. A hvdraulic
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content defined at the beginning of the drying period (i 0) alter a recharge event.

3.6.5 Infiltration rate

Infiltration rate measurements were conducted on each treatment prior to the heavy

used. The inner ring was 28 cm in diameter whilst the outer ring was 53 cm in

diameter. Both rings were 35 cm high and were driven into the soil to a depth of 15 cm

disturbance of the soil. A plastic sheet was placed in the inner cy Under to act as an anti

- puddling device. Water was introduced into the inner ring and the plastic sheet was

removed. The maximum and minimum water levels were maintained at 12 cm and 6

cm above the soil surface in both rings. For each treatment, two sets of measurements

were made and readings were collected for at least 3 hours until a steady state flow was

reached

Runoff Measurement3.6.6

3.6.6.1 Calibration of runoff drums/tanks.

Runoff drums were calibrated with predetermined volumes using small 12 litre

buckets. I he buckets were filled with water and emptied into the drums. Measurement

rains and after harvesting. The Double ring method by Saka and Haque (1993) was

by using a sledge hammer. This operation was done with utmost care to prevent



ul’ runolT collected in the drum

decanted b\ 12 litres.

3.6.6.2 Installation of runoff tanks

Runoff waler collection tanks (200 litres in capacity) were installed at the edges of

each plot along the channel separating the replicates as shown in figure 4. Drums were

inserted in holes dug 60 cm in diameter and 90 cm deep. The space between the tank

and margins of the pit was sealed with soil extracted from the pits.

3.6.6.3 Runoff data collection.

Runoff measurement was Jone In using 12 litre buckets to empty water from tanks

contribution and direct precipitation were made. In this study, estimates of surface

runoff waler from experimental plots were made based on the following assumptions:

I hat there existed no spatial and temporal variations in rainfall distribution(at

within the experimental field. In this respect, the amount of rainfall received

per unit area in a given lime was uniform.

That evaporation losses from runoff collection tanks were negligible. This(bi

assumption was based on the premise that all runoil leadings were made soon

was done by multiplying the number of buckets

and is reported as cummulaiive runoff events. < ’orrections for channel runoff
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after rainfall events. l or rainfall events occurring at night. runoff

measurements were done early in the morning.

Thai a simplified waler balance relationship based on I lillel (1980) will be(c)

applicable as follows: Precipitation - Infiltration - Runoff.

3.7 Soil temperature

temperature measurements were made at two depths. 3 cm and 20 cm. on bothSoil

were made twice a week from November to April on all the treatments by using glass

mercury thermometer (0 - ?()"('). The mercury thermometers were inserted directly

into the ridges and furrows and readings were between 12.00 - 15.00 hours. The resul's

are summarised as the average monthly maximum soil temperatures for the time of the

experiment.

Maize growth and yield parameters3.8

Plant growth and yield3.8.1

During the growing season, plant height and number of leaves were recorded. The data

Growth rales were monitored on these same plants. Plant height was measured from

were collected from 5 randomly chosen plants which were labelled with a metal lag.

ridge top (rows) and furrow or basins centre (interrow s). Soil temperature readings
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taken at 100% tasselling and at

near harvesting lune to determine the leal’area bv using the leal'area meter. The plant

samples were chopped and dried in the oven at <80 degrees celcins lor 48 hours and dry

mailer yield was determined. Other phonological developments recorded included days

to the 1'irst tasselling and days to 100% tasselling.

Before harvesting, the number of plants in each plot was counted. I larv esling was done

from the net plot consisting of 4 rows measuring 5.4 m long making a net plot of 12.96

m". Guard rows were not harvested on all plots Harvesting began when 98% of the

crop had matured. Harvesting was done bv cutting the base of the plant. A total of 15

first dried in the sun before removing the panicles. Then they were shelled manually

and seeds were dried for two weeks. \ sample of 200 grams of seeds was collected

from each bag to determine the moisture content and a final grain weight for each

treatment was adjusted by using a correction factor due to variation in stand count at

harvesting.

the soil surface to the lop most leaf. Plant samples were

plants were drawn from each plot to determine the dry plant weight. The cobs were



CHAPTER FOUR

RESl LTS AND DISCUSSION

4.1 Soil characterization.

I hc results of soil profile description and chemical anal) sis are reported in Appendix

la and lb. respectively. The soil has low residual nitrogen and organic carbon content.

The sodium content decreases with depth from about 0.09 me 100g in the Ap horizon

laser and CI.C anil exchangeable bases were higher in o - 25 cm depth than in

subsequent horizons. Organic C. total \ and available I’ also decreased from about

1.08%. 0.1 l%and 13 mg/g in 0 - 25 cm depth respective!) (Appendix lb).

Textural anal)sis indicates a general increase in clay with depth liom 3.3% in the 0 - 15

cm depth to 69";, al 76 - 115 cm depth. A significant proportion of sand in the 0 - 15

cm and 15-28 cm depth makes the aggregates friable and thus slake upon rain drop

impact. Saturated hvdraulic conduclivitv decreases with depth from 0.76 cm h in the 0

- I 5 cm depth to about 0.056 cm h above 7<> cm depth as indicated in appendix lb.

to 0.05 me 100g in B,A. The soil is acidic with an average pH of 5.5 in the plough
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4.2 Agromctcorological data analysis

4.2.1 Rainfall

Figure 7a. gives the pattern of rainfall distribution in the season subjected to 5 day

axerages (penlade anahsis in Appendix 2b). The depressions occurring in the chart

between penlade I - 6. pentade 10 - 13. pentade 29 - 30. 34 - 35 and penlade 37-41

4.2.2 Rainfall intensity

The frequency distribution lor the mean 3d jnd 60 minute maximum rainfall intensity

arc plotted against number of pentodes in Figure 7b. In most instances the Rl storm*

received.

Rain) days and dry spells.

Figure 7c gives the distribution of rainy days and dry spells occurring within the crop

growing period. I'hc data in appendix 2b indicates a normal distribution lor both rain)

days and dry spells in a unimodal rainfall pattern as rellected in the 42 pentodes

analysed during the season. I here is about equal distribution of rainy and drv days in

are the dry spell periods which occur intermittently within the rainy season.

were quite erosive and generated significant runoff from the experimental plots save

lor pentades 20 and 25 in which substantial 60 minute rainfall intensities were
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lhe month of .lamian. In this season. .lamian was the wettest month while <Jctoher ami

April were lhe driest months of the season. I he dry spells were of longer duration

about 36% ( I able 3). I'he occurrence of lhe dry spells in October is normal in this

region and and the whole Lower Shire and llnolo escarpment indicated on figure 3.

l he rain_\ season for the year under consideration started late and ended early. Il is

apparent from this analysis that lhe shortest dry spell was experienced in January

Ranking dry spells frequency to pentadesTable 3:

I icqucncy I’lohal'ihivRanking indices

(I Mi5

<l 17I

S II I 0

hi 024

I i> 02I

I ii ipii

Ranking Indices <> indicates pentades without a dry spell < Picciptiation <i ' mm I and < indicates a

complete dry peni.ule ■ Piecipil.uion 0 5 mm).

•I probability of having a complete pentade without a dry day.gi\ ing about 2"

than the rainy days giving a probability of having a complete penladc of dry ness of
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Air and soil temperature measurements.

Appendix 2a gives a summarx of agrometeorological data of Bvumbwc Research

Station. I he highest air temperatures were recorded in October and November. This

coincided with the cultivation period leading to severe dessicalion of the soil.

Maximum soil temperatures read al 3 cm depth were higher on the ridges (f igure Sa

and Sb) than on the furrows (figure Sc and Sd). Soil temperatures were higher at 0 - 5

cm depth than at 20 cm depth, following the hcavx rains received in January, soil

temperatures were lowest in BR at all depths followed In I R whilst OR was equal to

RR as shown in I igures Sa - Sd 1 he surface lavers dried faster in cultivated rows | he

variation in soil temperature between treatments max be partly due to the cooling

effect (damping effect) hx soil waler in the profile and partly due to gravitational

drainage related with ridge height i.c. the 30 cm row <( )R. BR. I R) were draining

taster than the 10 cm icsidual ridge. Similar results on soil temperatures in a ridge -

furrow sxsiem have been reported by Mahrer and \xisxir (IOS?) and Gupta <7 al.

(1090).

flu- effect of traditional cultivation practices on soil physical properties4.3

Drv bulk density

Dry hulk density measurements prior to tillage operation arc reported in Appendix lb.

I able 4 and 5 give row and interrow drv bulk densities just soon after cultivation
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(initial) and alter harvesting (IiikiI). The drv hulk densitv on RR rows were slighth

higher with a mean dry hulk density of 1.35 Mg m' within the 0 - 5 cm depth, whereas

the mean dry hulk density of 1.28 Mg/cm’ was measured in treatments OR. BR and

TR. Below 15 cm depth, dry bulk density variation on rows were not systematic. By

harvesting lime, row dry bulk density increased by 0.02 Mg/m’ on RR whereas an

increase of about 0.0X Mg/m’ was noted in treatments OR. BR and TR. (sec fable 4).

I here fore. dry bulk dcnsil) on rows increased by 5"<i within the 0 - 5 cm depth in

treatments OR. BR and I R whilst in treatment RR. drv hulk density increased hv

depth soon after cultivation But there were no significant difference between

treatments OR. BR and I R. Interrow dry hulk densitv within 0 - 5 cm depth were not

significant!) different at 5"<i probability level 11 able 51, fhe highest interrow dry bulk

density readings were recorded on BR treatment and ranged from 1.41 to 1.45 Mg m’

preparation.

I here was a general increase in dry hulk densitv with depth in all treatments as

indicated in fables 4 and 5. I wo possible explanations to this trend arc: (1) there is

gradual increase in cla) content with depth as indicated in 'I able 1. 12) I he higher

may he due to the presence of plough panssolcs

which have been preserved from previous cultivation processes with tractor drawn

readings al depth beyond 3(> cm

appioximaiclv 1%. Row drv hulk density readings were significant within the 0 - 5 cm

max be due to compaction and smoothness created hv the hoc during basin



implements. Since hand hoc cultivation is limited to the I) - 10 cm depth these plough

pans were not broken In the current traditional tillage practice''.

Tabic 4 Effect of tillage on tin bulk density (Mg/in') on rows at different soil depths

'<• cm -I' cmdepth 15 cm5 cm

lastI st I.N I st Iasilast 1st.Ist

NSns nsNSReps NS

NSNSNSNSI real.

I I'1' | .r. I -lo I ISI •’ I >9l.'OI 2SOR

I l.'J I >2 I T" I I"I | ',7 I I HRR

I Jn‘ I l<)I 2S* I '6 I 10 I III I loBR

I 'o' I ISI I 12I 20I R

oolS 00 oolS0 o|S II 0 oil0 0IS 0.0

1.27 2.15 1.5b I 71I SO 1.562..'S I -19c.v (%)

(I O'lNS Not Sieml'icant <l‘

• SiL'iulicjni 11* 0.0'1

probability level In using the Duncan's New

Multiple Range lest

Means with siipeiscipts .ire sign ilkantly Jilleivni .it



< :

I able 5 Effect of tillage on tin bulk density (Mg in') on interrous al different soil depths

period lastI si Iasi IasiI si. 1st lastI s|

I >epth 0-5 0-5 10-15 10-15 25-30 25-30 10-45 Kj—is

Reps NSNS NS NS NS NS NSNs

I real NS NS NS NS NSNS

I.IO,! IIII 39' 1.43I 39 I -13OR I 38 I -I I

I 12'1.39' I 13I 59 I.-12 I 41RR I -10 I -II

I 45‘I -If I -I I I 45I -II I 14HR III 1.43

I 13 I 131 39 I 42 Illi 40I R

11032II 1)32I SI)

II 1)1)0II IKK)s e

i) 07 I Id Il “O (1000.75 I 54I 13 0 97c st"..)

NS Not Significant (P 005)

Significant (P 0.05)

Means with siiperscipts are signilieantly different al 5"» probability level by using the Duncan's New

Multiple Range Iest.

\ similar trend of results has been reported by Cassel (NS0). Adeoye (l‘>S2).

\genbag and Maree (l‘,l>l) withKayombo (|9Sb). Cressvvcll el al. (|9‘»|) and by

conventional tillage practices.



f 7

4.3.2 Total porosity and iiiacroporositx

Appendices 4a and 4b. There is a general decrease in total porosity with depth.

mean of about 51% and 49% respectively. Below 5 cm depth variations in total

porosity were not systematic. Hie net drop in total porosity measured at har\ esting

lime was about 3% on rows in OR and BR and 2% in I R whereas the net drop of

about 0.38% were measured in RR treatment. Interrow total porosit) had marginally

macroporosiix w ithin the 0 - 5 cm depth was 24% on OR. BR and I R whereas 21 % in

RR. Changes in macroporosil) within 0 - 5 cm depth corresponded with the reduction

in total porosity. I he drop in both total porosity and macroporosil) ma) be due to

clogging of pore spaces by fine soil washed down with infiltration and.or slumped

down due to raindrop impact. In the residual ridges, lack of soil disturbance justifies

the lower values of total porosity

Similar results were reported from fcrrallitic soils of Senegal b) \icou ct al. 11986): on

the (iriswold silt loam soil by Datiri and Lower). (1991); and I ngcr and Cassel.

(I99|).

Total porosit) (St) and macroporosity for each tillage practice are shown in

1 lowevcr. total porosit) in 0 - 5 cm depth is higher in OR. BR and I R than RR with a

dropped to about 1% in all treatments hut the drop was not systematic. Mean row
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4.3.3 AggiTgatc stability

Aggregate stability values reported in I able 6 are means o! 5 samples per treatment.

that the traditional cultivation practices using a hand hoe were limited to the (0 - 10

cm) depth Therefore the presssurc exerted on soil by tillage practices had greater

impact on surface (0 - 5 cm) layers. The distribution of stress diminished with depth

leading to marginal weakness on the aggregates al higher depth. Analysis of variance

on aggregate stability is statistically significant al 5% probability level with aggregate

stability being 5"<» higher in RR compared to OR. BR and I R Aggregate stability in

treatments ()R. BR and I R was not significantly different as indicated by the Duncan’s

New Multiple Range lest in I able 6. I he higher values on stability and lower values

organic matter content. Increase in clay content and I e and Al oxides with depth

(.Appendix I b) could also have a significant effect in binding the aggregates. Reduction

in aggregate stability al han esting in RR could have been associated with secondary

aggregate stability variation with depth and lime have been observed by I nger and

Cassel (l‘N| l under conventional ullage practices.

The data show that aggregate stability increased with depth. I he reason for this trend is

cultivation practices during weeding and raindrop impact. Similar relationships on

on Dispersive Index (DI) in RR (Appendix 4c) are probably associated with a high



ruble 6 Suninian of analysis of variance on aggregate stability

sampling IX-11-94 4-4-94 IS-11-94 4-4-94

period

0-5 10-150-5 10-15Depth

NSNSNSReps. NS

**Treat.

22.96h20.0S’19 14' 19.54'OR

25.O7’*25.39“24.7X-' 25.02 ‘RR

20.69' 20.40'HR

20.2o”2I.4O1’20 74' 20.0X'IR

0.503 0.4590.9051 027I SD

10.145 ; 0.133: (> 297s.e.

3.95 2.162.354.X2C.V (%)

NS Not significant (I’ -0.t>5).

significant (P 0 05).

significant!} different .it 5% probability level b> the

Duncan's Neu Multiple Range Test.

: 0.262

Means with superscripts are

22.05b 20.22”
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4.4 Hydrological properties of the soil at the experimental site

Appendices 5a and 5b show soil waler retention characteristics curves at 0 - 5 cm and

20 - 25 cm depth, respectively. There was no significant variation in water retention

characteristics. Treatment RR had lower water content at saturation hut held more

water at higher tensions than 50 kPa (Appendix 5b) prohabh due to a well preserved

structure. But at extremely higher tension (> 1000 kPa) tillage operation did not

influence the soil water retention characteristics.

0.76 cm ha at 0 - 15 depth. 0 57 cm h at 15 - 2S cm depth, n.2» cm h al 2S - 76 cm

depth and 0.056 cm h al 76 - 115 cm depth.

4.4.1 Correlation between gravimetric and estimated profile water content

lablc 7 shows relationship between profile soil water content in rows determined

gravimetrical!) and profile soil water content determined b) the tensiometer (Model

29001'lj. I he results show good correlation coefficients of about (1.88 for rows and

about 0.92 for interrow s ( l ablc 7).

I he tensiometer, (model 290()|'l). over - estimated the profile water content al higher

suctions (I igure 9). Al lower tension l- -15 kPa) the tensiometer leadings compared

favourahi) with gravimetric determinations giving high faiilv similar results as

Saturated hydraulic conduclivit) values (Appendix lb) decreased with depth i.e. from
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each treatment shows a seasonal trend. I he highest difference in moisture content

exists in BR seconded by TR treatments. 1 his max he partly associated with the

dcpressional storage and low runoffdischarges in these treatments.

4.4.4 Variations in mean profile water content between treatments.

Figure 12a gives variations in row soil water content between the main treatments and

RR. In OR and RR. the seasonal trend was not obvious. In many instances the 0,(()R)

was lower and or equal to (),(RR). The (JrtBR) - OrtRR) and (irt I R) - Or(RR) were

positive and showed a remarkable seasonal trend (I igurc I2a>. I here were small

differences in soil waler content in the early stages ol growth, followed by significant

rise in the differences in row soil waler content in January I ebruary and a drop at the

canopy to protect the soil from direct solar radiation Hence, there were substantial

losses in soil water through direct evaporation. The high water content at tasselling.

silking and ear development stages was due to high rainfall received in January and

I ebruary and the development of sufficient vegetative cover which limited evaporation

losses hut promoted recharge through interception and stem flow. I he Luge difference

in BR is associated with basin storage \l the end of the season, crop

content. Pronounced effects of cultivation practices were observed on the

end of the season (March and April). In the carlv stages of crop growth, there was no

senescence coupled with the div spell from March to \pril. lowered the soil waler
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ligure 12b. I hc trend in seasonal soil waler content was as follows: |()i(BR) -

0i( RR) ] > |()i(TR) - ()i(RR)| > |Oi(OR) - ()i(RR)| and was always oscillating al

an average difference of 8 nun. 5 mm and 3 mm. respective!). I hc decline in

soil waler content at 54 DAP was associated with secondary tillage practices

during the weeding process. The decline in waler content was larger in OR. BR

and TR than in RR. I his was related to the degree of soil disturbances during

weeding.

textural classes within the profile.

figures I3(a...i) give the relationship between volumetric water content and

relationships show .spatial and temporal distribution of recharge cycles in the

treatments following rainfall events. The basic definition of recharge events is

the general rise in soil water content.

4.4.5.1 Soil water distributions on rows at I) - 45 cm depth

I he mean soil water content on rows during planting to emergence period. (0 -

13 DAP), was higher on RR compared to BR. I R and OR (l igure 13a). Row

difference in interrow soil waler content between treatments as indicated in

depth in rows and inlcrrows at different crop development stages. These

4.4.5 Seasonal distribution of soil water recharge cycles at different
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development stages (56-86 DAP) was statistically signilieant at 5% probability

level (Appendices 7e and 7fand Figures 13c. 13d. 13c and 131').

Mean soil water content was hisihcr in BR and the ueneral trend was BR > TR >

statistical!) signilieant between treatments () - 15 cm and 15-28 cm depth but

was significant al 28 - 45 cm depth due to lateral recharge from basins and lies

(Appendices 7g. 7h and 7i and I igurc** 13g. 1311. and 13i).

treatments

Fhe interrow soil waler content al different growth stages is reported in Figures

14 (a..i). The variation in interrow soil waler content, measured al 0 - 5 cm

depth sampled from 0 - 13 da\s was statistical!) significant between treatments

as shown in /Appendix Ila. Variances in interrow soil water content from

lassclling. (Figure 14c) silking to harxesting lime. (Figures 14d. 14e. I4f. 14g

and 14h) showed statistical significance between treatments at 28 - 45 cm

soil water content within 0 - 45 cm depth measured al lassclling. silking and ear

4.4.S.2 Interrow soil water distribution at I) - 45 cm depth between

OR - RR. Al maluril) (96 - 119 DAP), row soil water content was mu
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(Appendices Sb. Sc. Sd. XI*. Xg. and Sh). treatment BR maintained the highest

soil water content in intcrrows at 13 DAP up to 142 DAP in 0 - 15 cm depth:

from 13 DAP to 95 DAP al 15 - 2S cm depth and at 2S - 45 cm depth. This is

attributed to depression storage whereas TR had a higher soil waler content at

36 DAP to 70 DAP. Treatments OR and RR did not show a systematic trend.

4.4.6. Soil drying rates 0-5 cm depth.

I he results of the dning coellicicnis al the rows (k,). intcrrows (k,i and at 2 3

distance from intcrrows k(2 3) for the () - 5 cm depth arc presented in I able S.

In all neatmenls. variation in dning coellicicnis al three sampling positions (rows.

intcrrows and 2 3 from the intcrrows) showed a seasonal trend ofdr>ing coellicicnis

being higher in the beginning of the season and dropping to < 0.200 d" al the end of

the season. In many instances, the drying rates k, were higher than k, values between

the crop development to about maturity lime. The spatial variations in dning rales

But also, dning rates in rows al 13 DAP assst lined the following trend: < >R 0.441.

RR 0.374. BR 0.421 and I R 0.416 d. The lowest dning rales in RR treatment were

prcsumablv due to minimal soil disturbance and probably due to a low grav itv head.

were not svstemaiic. Prior to canopv development, the k. values were higher than k,.
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llicrelbre the drying phase can mathematically be expressed as a function ofchange

in waler content with lime as follows:

6O/61 6/6/1K6p/8/.)‘-6Kbz (16a)

Where 6p - 8pm+ Sp,, (16b)

8m„ is grav national potential variations due to height of rows and due to positions of

measurements. bit,,, is nialric potential measured in rows, interrow s and 2 3 from

interrow s and K is the unsaturated hydraulic conductivityof the soil, Incorporating

the diffusiv itv (I)) component gives

8q. 61 b 8/(1) 60 6z) - 6K 6z 116c)

w here I) is soil water dill’usiviiy defined bv the relation

(I6d)I) K(0j (8(1 6jt)

But adopting transient recharges from low potential from interrovvs. the spatial

variations in tin ing rales arc represented as equation:

8.-8.Ml< 6)i6x),• 8 byfKbiiby),,: 8'6z(K8p/8z)r + 8K 8/. (16e)60/6l

w here i

I he driving force lor the distribution ol water in the profiles is the hvdraulie head

which is a function of mairic and grav itv potential. After each rainfall event. How of

water from the wetted surface rows is almost vertical!) downward in response to

gravity and the mairic Ibices around the soil colloids.

interrows. r rows, and ir is interrow and row interaction.



Migration of the welling from from low potential to higher potential ean.

unequivocally, be considered as a diy ing phase for the upper layer and yet becomes

()R were grossly alTcctcd by the pore size distribution within the profile. Due to the

initial disturbances by cultivation. the capillarity system in these treatments was

reduced leading to rapid drying in rows in BR. OR and I R. Similar results have been

reported bv \rya el al. (ll>75).

Since both recharge and diving phenomena were occurring concurrent!). the

predominance of one phenomenon

lainfall intensity and soil plnsical and hydraulic characteristics. Since rainfall input

from (Ictobcr to the end of November was distributed as small short events, the drier

tilled zones in OR. I R and BR were not full) recharged.

Analysis of spatial variance in soil water content4.4.7

fable 9 indicates fairly significant correlations between spatial variance and mean soil

water content with correlation cocllicicnt of 0.52 in OR and RR. 0.54 in BR and 0 55

in I R I he storage capacity of each treatment was the source of variation in soil water

content on rows, interrows and 2 ? distance from interrows. fhe migration ol' the

wetting front, from low soil water potential in basins or interrows towards high soil

water potential on rows eventually narrowed the spatial variance in soil water content

was temporal and depended on rainfall distribution.

a recharge phase for the lower layers. The upward moisture lluxes in BR. TR and



by Zhai el al. (1990) and Van Wc.scnbecck and Kachanoski (19XS). I he interrows

maintained a higher potential save for small events in which greater recharge may have

occurred on rows than in interrows.

Table 9. Regression constants on spatial variance and mean soil water content

-O.OOO53 r 'i 540oo2l5 0VAR BR(O)

o.ooi I’D -0.(10026 r 0 55VAR I RtO)

0.O0I42 0 -0.00034 r 0 52VAR OR (0)

0.000654 0 -0.00011 r 0.52VAR RR (0)

W here VAR is spatial variance and 0 is mean soil water content on three spatial

locations.

I he rate of change in spatial variance to the change in mean soil waler content of the

lieatmcnls is given by the slope of the regression equations. I he OR slope of 0.0014

and I R slope of 0.001 I ’ are not significantly different at 5% probability level. Lack of

1990) and limited deprcssional storage. I he difference between the treatments could

spatial variability in soil water content ate related to losses due to evaporation (Zhai

between tows and interrows. Similar results have been reported on a ly pic Hapludalf



be due to systematic errors from non uniform plant population and from instrument

insensiliv ity to rapid changes in soil water.

I he overall variance was the lowest in RR as indicated by the lowest regression

intercept I he overall general variance was highest in BR as indicated by the large

regression intercept. The low spatial variance in RR may be associated with the

undisturbed soil structure. The disturbance of soil structure by tillage operations and

subsequent scaling of micro and meso pores by heavy storms, led to the decline in

physical and hydrological properties of the soil and. ultimately. aflcctcd water

distribution in the profile. I he large slope value of 0.00215 indicate* greater variance

in BR upon diving and lower spatial variance upon welling.

Analysis of temporal variance in soil water content4.4.8

Van - Wcsenbeech and Kachanoski (1988) found that the mean temporal variance of

row position was 34% higher than the variance of the interrows in conventional tillage

treatment Zhai <7 <//. (1990) obtained 13% higher temporal variance in conventional

tillage rows than in interrows. In this study, the temporal variance is higher in

interrows than in rows as shown in I able 10.

temporal variance of interrows. In BR. mean temporal variance was 22% higher in

interrows than in rows, whereas I R had a mean temporal variance of 18% higher in

I he mean temporal variance in water content in RR rows was almost equal to the
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I able. I 0 Temporal variance <if profile soil water content nt different samplin'* positions

and tillage treatments

111 luge row

10 '■

59.9862 7 71. ISOpen ridge -15.98

55 12 52 6-1Residual ridge 50 S' 51 96

85 8295 ' I"2 S' S9 09Basin iidue

9' 'll 85 S'7-1 "I 89 >5I ic i idee

signii’icantly different inthe interrovvs than rows I he mean temporal variance was

both rows and intenows between BR ami RR. BR ami ()R ( I able 111) bin there was no

significant variation between BR and 1 R

I he reduction in temporal variability on rows and interrows in RR was related to the

the interrows and high runoff’ from the treatment In

creating a wide temporal variance* between rows and interrovvs.

()R. the temporal variance in water content was about 25",, higher in the interrovvs than

minimal depression storage on

2 interrow interrow aveiage

in the rows I he limited deprcssional storage capacity limits the recharge to the rows



I he measured temporal dependence

variable crop waler demand function within the field which is subjected to similar

agrocl imalic conditions.

4.4.9 In fill ration rate

I able I I shows cumulative infiltration and equilibrium infiltration rates on rows and

interrows measured soon after cultivation and after harvesting.

on OR. BR

43"

BR and I R respective!) and by 3% in RR (I igurc I5a.i and ii).

Significant reductions in equilibrium and cumulative infiltration on interrovvs were

observed in BR with 45% drop in equilibrium inliltralion rate. 24% reduction in

and 9"ii drop in cummulative infiltration t figure I5b.i and ii).

I he post tillage equilibrium inliltralion rates were general!) lower in interrovvs than in

the rows with 61% higher in OR rows than interrrows. 64".. higher in BR rows than

■>. 41% in OR.

on spatial variabililv and spatial dependence on

I here was a drop in cumulative inliltralion capacil) on rows hv about 12".i

interrows. 35% higher in I R rows than interrows and were about 1".. higher in RR

cumulative infiltration, followed by I R with 2X% drop in equilibrium infiltration rate

treatment. Equilibrium inliltralion on rows dropped hv over 44"

and I R treatments hut an increase in cumulative infiltration of about on RR

temporal variabililv in profile soil waler content for the 4 tillage practices, created a
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respectively I he significant reduction in equilibrium infiltration in BR were possibly

because basins created a direct interlace with a clay rich (Bl?) horizon (Appendix la).

I he minimal change in cumulative infiltration in RR treatment was attributed to the

minimal tillage practices done on the plots

I alite 11 Effect of tillage on w.itcr in fill ration rate

1ill.ige in

til post tillage inliltialion on lows and inieriows. (I) post li.n vesting iiililii.iiion rale on lows and

interrow s. Ji i - f) is the (.bailee in eqiiilihiiiun and einiiniukilive 1111*1)11 alum w uh time

In this regard, the higher soil water content in BR was partly attributed to long term

infiltration process through basins, the large depression storage and reduced

(»R
RR
BR
I R

( >R
PR
BR
IR

-0 21 
-0.07 
-I 7‘) 
-I SI

I3 -I

11 02
10 02

■I

I 
-15 
28

636
663
-ri
(i-i(i

5 28
5 IS
3 96
6. IS

(1

15
2-1
9

-5 9-1 
-or 
-I 71 
-5 11

12

12
17

II
3

43
II

-3(1
-97
-II •
-60

12“

nun
750
597 
7-15
735

•I
II

mm 
(i(i2 
111' 
652 
61'

Inlet rows 
6(10 
566 
35S 
5S6

rows than interrows. But also, the post harvesting equilibrium infiltration rates were

a. 66"<>. 21% and I" <• highci on rows off)R. BR. I R and RR than interrows

( timul.ilive inlilii.ilion 
ill dit-ti

Rows 
mm 
'-ss‘“

IS 
-93 
-122

due lo increase in filiation in basins, the development of a crust surface and partly

I quilihi mill inlilli.ilion 
(11 ill du-fl

Rows 
cm h 

"16
5 06
6 51 
5.S9

I ilkige intcirow 
5 07 
5 11 
2 17 
■I 67



evaporation losses Iron) the I'-shaped basins compared lo the sinusoidal ridge furrow

pattern in the OR (5 in long). I R (1.5 in spacing of tics) anil RR treatments.

I he effect of traditional tillage practices on surface runoff

I able I 2a gives total surface runoff collected from the experimental plots in 16 rainfall

evenls as follows:

Total runoff and runoff coefficientsTable 12a:

Ro RlI olal Ro! K'JtlllCIII

(mini

0 2‘)<>R >)(i 6<>

0.47I" IIRR

0.1(1BR

50 51 0.1SIR

Ro k ioi.il sin lace i miull (mini

Ro Rl I-. rtinoll coelTkiciu

Runoff data in I able 12a show the highest surface runoff was measured in RR with

157.1 I mm of water collected representing 47"i> of rainfall received. 1 he lowest runoff

was measured in BR treatment with s?.'? mm collected in 16 rainfall events. Illis
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CHAPTERFOUR

RESULTS AM) DISCUSSION

4.1 Soil characterization.

The results of soil profile description and chemical analysis are reported in Appendix

la and lb. respectively. The soil has low residual nitrogen and organic carbon content.

I he sodium content decreases with depth from about 0.09 me-100g in the Ap horizon

layer and CEC and exchangeable bases were higher in it - 25 cm depth than in

subsequent horizons. Organic C. total \ and available I’ also decreased from about

1.08%. 0.11 % and 13 mg/g in 0 - 25 cm depth respective!} (Appendix I b).

Textural analysis indicates a general increase in clay with depth from 33% in the 0 - 15

cm depth to 69% at 76 - 115 cm depth. A significant proportion of sand in the 0-15

cm and 15 - 28 cm depth makes the aggregates friable and thus slake upon rain drop

impact. Saturated hydraulic conductiv itv decreases with depth from 0.76 cm-'h in the 0

- 15 cm depth to about 0.056 cm h above 76 cm depth as indicated in appendix lb.

to 0.05 me 100g in B,;. The soil is acidic with an average pH of 5.5 in the plough
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mmh. In UK rainfall intensities equal

runoff whereas 6.4 mmh generated runoff in I R treatment.

Cases ol basins being overtopped were prevalent only during double storms spaced

w ithin short durations. Basin ridge effectiveness declined w ith time because of gradual

reduction in basin capacity due to silt accumulation from the rows and from the side

banks. I he siltation and sealing of pore system with fine earth reduced the intake

capacil} of the basins. Similarly, direct splashes on rows were spread off the field and

led into the collection tanks.

Similar findings have been reported on tie ridges and open ridges under conventional

cultivation sv stems bv I lullugallc (19X7) on upland allisols in Sudan anil bv Jones and

Stewart (1990) on basins performance in the slate ol Indiana.

Sources of error in runoff estimation were associated with uneffcclive blocking

mechanisms between adjacent treatments. This resulted in spill-over from other

treatment'*. But also, estimates were made for storms which overtopped runoft tanks.

lie ridges can effcclivclv be used for only low rainfall events like those prevalent in

anticipated. I lowever. this practice can be propcrlv planned if there is good knowledge

or greater than X.6 mm-h generated surface

this area and subsequent!} removing tics and\oi ridges when high rainfall events arc



of rainfall distribution pattern and precise prediction and forecast on rainfall return

periods in vvhich certain intensities can be equaled or exceeded.

4.6 The effect of traditional tillage practices on plant growth and grain yield.

Maize emerged about 7 days after planting in all tilled plots. However. the emergency

planting. During the first two weeks after emergency there was no dilference in plant

size among the treatments. After 30 days, growth and development differences began

to show up in terms of plant size and stature

Plant height4.6.1

Mean plant heights as influenced by the farming practices arc reported in fable 13a. At

59 DAP. basins showed more rapid growth with plant height recorded: 109.1 cm in

OR. 92cm in RR. 121.1cm in BR and 110.3 cm in 1R. Mean separation using

Duncan's New Multiple Range lest al 5% probability level showed significant

differences between treatments from 46 DAP to 75 DAP. Prior to this time, differences

in plant height were not significant. I he highest growth rate was observed in BR with

elongation rate of 2.11 cm'day al 59 DAP ( fable 13b). while the lowest growth rate

was observed in RR with an elongation rate of 1.39 cm day. treatments TR had an

intermediate growth rate of 1.93 cm day whereas OR grew al 1.S4 cm day. Beyond 75

day s, maize growth declined in BR. 1 R and OR whereas growth in RR picked up. The

percentage was lower in residual ridges with a stand count of S5"<>. two weeks after
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most active growth stage was from 46 DAP io 75 DAP as shown in table 1.3b. I he

slow growth in residual ridges was primarily due to low soil water status due to limited

infiltration and greater nutrient losses through high runoff discharges.

l atite 13a Sum man of anal) sis of variance on plant height (cm) measurements

‘>2>«)29DAI’ It -16I imergc %

ns NSNS NSNSReplications NS

l'i calment

4 I 6*16(1" 121 it I 39 7-!U‘l I91.7OR

i.v17.1" 11-237 l‘ tr85.0RR

I'Ml 4'121.1’ 147 8"7.7" 46 I'16 I"93.7HR

125 4"-III 71’ 1-12 5"i m3’16.1"I R 94 (I

•0.76 24 1 ■ () 46 .0.-14■0 12 :<).! I: I 9(1

843 I 582.630.380.406 581 SD

" 80 I 286 36 1(182.465.613 62C.Vf<>)

I merge "..stand lor the emergent v DAP stand for davsaftei planting.

Ns Not significant (P 0.05)

• significant t P 0 05)

Multiple Range lest

means with different stipeiscripts are significant!) different at 5“.. piohibilitv level In Duncan's New

I ’' 2''

7.1"
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Table 13b I he effect of traditional tillage practice on maize growth rate (cm/dav)

DAP II 29 59-16 75 92 loo

NS NS NS NS NSNS NSreps

NSTreat NS NS

0.95’ I 12'I 65' 1.56OR 0.49 0.55 I 84

I '191 I 52'*0 SO' I 53 I..'i'i0 47RR 0.48

1.05* l.96J I 4"21 r0 72 I 66BR 0.59

0 991’ I .’91.550 57TR 0 19

0 0109 0.0109 0 024O0.0198 0 02510.0120.0109s.e

i 042 40 2 In'161C V("<>) ?i 71 7 60

I ).-\P stand for davs after planting.I’merge. % stand tin the emergency "

NS Not signillcant (P 0.05)

Multiple Ranee I eM

Tasselling/ silkino nite.4.6.2

germination and emergence and the intermittent drv spells within the growing season

means with dilTcient superscripts are significant!) different at 5“.i probability level In Duncan's New

are largely responsible lot phenologieal variations.

lasselling plants were counted ever) 5 davs liotn 17-1-94 (6? DAP). I he lasselling

I 741

percentage per treatment is presented in I able 14a. I hc variations in time of

* Signillcant tP 0 05)



I able 14a Summary of analysis of variance on lassdling rate

Davs 65ilavs 70days 75days XOil.IVs

NS NS NS NSreps

u eminent

2.'1' 3Xb 5‘J1'OR

7t, ’33‘ 50’RR I s’

•I7J 6-1'2o’ svHR

6?/’ S3'45-1IR

(I: I 16I 09: I OSs e

-I 02' OhI SI) I 2S

I 5602314 4' h SitC V

Ns Not Significant at (p 0 05)

‘ Significant (P ■ 0.05)

means with ililferent superscripts are significantly ililTciem at 5".. probability level by Ihe Duncan’s

New Multiple Range lest.

Since the leaf numbers do not show significant differences between treatments, it is

anticipated that higher waler use efficiency and crop evapotranspiration will be closely

related to the I.AI. Ihe lasselling stage coincided with the major soil water recharge

cycles. Ihe high soil water recharge from the basin led to sustainable leaf elongation

27-"'

SI"
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processes I’nlikc number of leaves per plant. I.Al responded to soil water status.

Similar obscrv alions have been reported In Bennet and I lammond 119X3I

Table 14b Summary on analysis of variance on number of leav vs per plant

Da>s 30 35 9310 61 76

NSNS NS NSNSreps

NS NS NSNStreatments

12 11 127 12OR

12 1212 9RR

12 12 12I ’•3HR 9

I? II IIII3IR X

SI- 131 Ki".-15 I

NS Not Signilk.ini at <p 0 05)

* Significant (P ■ 0.05)

means with dillerent superscripts are significant!} dillerent at 5% probability level In I he Duncan's

New Multiple Range lest.

Drv matter vivid (I)MY)4.6.4

I he mean drv matter vield from five plant samples is shown in I able 14c I’he highest

drv matter vield was measured in basins and the lowest dry mallei vield at tassel ling

stage was measured in residual ridges as follows: 5974 kg.ha in BR. 5X61 kg ha in 1 R.

5X57 kg ha in OR and 4545 kg'ha in RR At both stages of growth DMY from BR was
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( 11 APTER FIVE

CONCLUSIONS AND RECOMENDATIONS

5.1 The effect of traditional tillage on physical properties of the soil

The effect of traditional tillage practices on dry bulk density and total porosity of the

soil was not significant within the one season of the trial.

fillage practices lowered the row dry hulk density of the soil in OR. BR and I'R (1.28

Mg.in ) within the 0 - 5 cm depth. Beyond this depth traditional tillage operation did

not have significant impact on the dry bulk density and total porosity of the soil.

Post harvesting dry bulk density of' the soil, indicated a gradual rise by about 0.08

Mg/rrT in OR, BR and TR and about 0.02 Mg/m' on RR.

Post harvesting total porosity declined by about within the 0 - 5 cm depth of

treatments OR. I R and BR and an insignificant change in porosity of about 0.38% in

RR. Interrow total porosity declined by 1% but the variation was not systematic.
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aggregate stability. Soil aggregates in RR treatment were 5% more stable than in OR.

I R anil BR treatments.

5.2 The effect of tillage on hydrological properties of the soil.

In this study, traditional tillage practices significantly affected the infiltration

processes, profile soil water distribution and surface runoff.

higher in tilled plots than the residual

ridges b\ about 13 cm h on OR. 11 cm h in BR It) cm h in I R and 5 cm h in RR.

I-.quilibritim infiltration rate on rows declined with lime b\ about 4l"n and 12% on

and cummukiiive infiltration rates in BR treatment respective!}.

Treatments showed a fairly significant correlation between spatial variance and the

mean soil water content in the profile with correlation coefficient'' of about 55% in BR

and I R and ^2% in ()R and RR.

I he lowest spatial and temporal variance in soil water status occurred in RR treatment

with almost equal profile soil water content on rows, inlerrows and at 2/3 from

The initial equilibrium infiltration rates were

rows Significant reductions occurred in basins with 45% and 24"<> drop in equilibrium

Harming practices which render minimal soil disturbance like RR tend to preserve
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stage but BR mainlined the highest interrow soil waler content from 13 - 142 DAP due

to large depression storage capacity.

Hie effect of tillage operation on surface runoff was highly significant between

treatments (P < 0.05). Basin ridge had the lowest runoff discharge about 10% of total

rainfall. TR about 18%. OR about 29% and RR had about 47% surface runoff.

5.3 The effect of traditional tillage practices on maize growth and yield

Plant growth rate

rale was observed in BR with an elongation rale of 2.11 cm day. whereas 1.39 em'day

in RR. 1.93 cm day in TR and I.X4 cm da} in OR al 59 DAP. Higher growth rale was

associated with the higher soil water conservation in basins. Slow growth rate in RR

stages of maize grow th.

Maize lasselling rale was significantly influenced lw tillage practices, lasselling rale

was significant!} lower in in RR al 65 DAP.

Dr> matter yield was significant al lasselling and harvesting stages, fhe dry mailer

yield was 6% higher in BR than in RR. about 1% higher than TR and OR.

I lie variation in interrow water content was significant between treatments at lasselling

was significantly affected bv tillage practices. I he highest growth

was associated with low soil water conservation in the treatment at the most critical
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I cal’urea index was about 'X,,z«, higher in BR than RR. 6% higher than OR but did not

'2"» higher

in BR than RR. 2% higher than OR and I R.

Grain yield on a net plot was significant between treatments with 10% higher yield in

BR than RR and 4% higher than TR and OR.

5.4 Recommendations

In this stud}. Basin tillage demonstrated high potentials in controlling runolf and

promoting in \iiu soil water conservation Basins maintained high moisture content on

interrows which recharged the row and attenuated the soil water difference between

content, tassel ling rate. LAI and plant height are attributed to the soil water status in

the treatment.

l-.flcctive implementation of basins and lie ridge sv stems demands good knowledge of

rainfall pattern and distribution: proper prediction of extreme rainfall events is crucial

in order to avoid waterlogging and basin degeneration during high rainfall events.

I here lore. more research should be directed to basin geometry, orientation and

differ significantly between BR. TR and OR. 1'inal I \l al harvesting was

rows and interrows. Better crop performance in terms of grain yield, dry matter
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7.0 APPENDICES

Profile No BVI/93

Dale of description: 5-11-93

Altitude: 1150m abo\e sea level

Soil Name: Fine. kaoliniiic.thcrmic.typic haphidalf

Physiographic Position middle slope

Surrounding Landform, undulating land.

Microtopograpln : Residual ridges 10cm high on average.

Slope

Drainage : Well drained

I and I ise: Fallow for 2 sears

Geological formation: Precambrian baemenl complex

Parent Material: Charnokitic granulite (Geological Survey Report)

Soil temperature regime: I hermic

Appendix la. Soil characterization and classification of Bvuinhwe Research 

Station.

* I . II

I ocatioir Bvuinbue Research Station 15 55' S 35 U4T
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Horizons Description

5YR 3/4 or 2.5YR 3 -I dark red brown: clay sand clay: moderate strongAp 0-14cm

line crumb: friable, sticky, plastic, porous, abundant fine roots, clear abrupt

boundary.

Bl I l4-25cm 2.5 YR 3/4 and 2.5 YR 4/4 red brown, clay, strong moderate fine

subangular blocky, firm, stick), plastic, porous.common line roots, abrupt

smooth boundar).

Bt2 25-76cm 2.5YR >■(■> red or 2.5YR 4 4. clay (smooth but not shin). firm on the

brittle part with peds acuiall) shattering, stick).plastic, distinct cutans. porous.

common line roots, clear smooth boundary.

Bl.3 76-11 5cm 2.5 YR .3.6 dark red cki) (but not shiny), firm (brittle), sticky .plastic.

clear cutans. dark films of I’c or Mn cement, porous, few weathered biotite.

fine roots, diffuse boundar)

I 15-145cm 2.5YR .3 6 dark red. cki\ but not slimmy. stick), plastic, porous.

abundant mica Hakes, few roots, diffuse boundary, dark cutans.

Bl,.



Bln 1-15-163cm I ransitional 2.5YR -I 6 red or 2.5YR ' 6 iSmooth and slimmx ).

massixe. sticky, plastic, porous, mica Hakes

Bl< l63-200cm 2.5YR 3'6 red. massixe. sticky. plastic, porous with mica Hakes.

Appendix lb Physico-chemical properties of profile BY!

( lay ( lass CSih"..PhK

cm h 11.0

() 01SCIIo4 785 970 ~b0-1 I

0 IIMl SC I OSI 35I 875 53 9I 1-25 o 5“

ii. I? o.O"1.38 SI 19o 23 5 oo

0 07o 12C4 75 I 40 I (>•)I 87(I 05676-115

0.030 03I 39 bl I5.15 4.96115-145

ii 03 (> OilCI 82 1.41I 91I IM6*

0.008I 73 0 001 445 00163-20(1 r

Depth

(cm I

PH

CaCl.

b

Mg cm 

?35
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Appendix lb continued.

I k-plh 1’ llg g Na K AlCa Mg iri.c Free

(me'100g (me; 100g) (me’100g) (me IO()g) FcjO,(me 100g) le.O,

0-14 13 0.23 8.370.09 12.31 4.42 <i 13 17.99

14-25 0.07 8.5714 0.67 17.44 6.45 0 25

10.2225-76 .3.09 2.39 0 25II 0 08 0.74

0.53 3 19 3.28 0 IS 7.86 11.8476-115 3 0.07

9.39 10 435.763 0 07 0 37 2.47 <) 10115-145

0.15 9692.79 6.913 0 05 0 31145-163

10 22972 0 0' 2« 870 28 13.300.05163-200

Appendix lb continued trace element analysis

Mn (ppm)Zn (ppm)Depth Cu (ppm)

12.48 4.382.440- 15

4.6850 - 67

20667- 110
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Appendix 2a. Meteorological data suinman

Mean monihh value

I mmTmax ‘C SunshineMonth Wind RainfallKII ("<>) I(pan)

speed (hrs) mm nun

(Ill's)

8.3 330October 16.(> 66 (> 6

6.525 I 075November 25.9 16-1

26 s O10.27118 5December 27.5

3 8•7 I 8819.817.8 81January

8217 917 3 75 9.02-16l-'ebruaiy

I 37 5 -16IS.97624.3 16.9Mai ch

323.0 8 615421 IApril
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15 20 30-35 40-1'

S, Macro S, Macro S, Macro S, Macro

52 24OR 4S 20 46 17•16 17

49 2)RR -IS 20 •15 17 46 IS

52 24 -IS 2(1 47 IS 47 ISBR

IS 2051 24 IS IS 46 ISRR

post honest readings'

4S 21 49 21 47 IS 45 16OR

4S 21 47 19 46 IS 45 16RR

4S 21 ■IS 20 ■IS 19 45 lbBR

46 IS 46 I"49 22 -IS 20IR

Appendix 4b Total porosity (S,| and inacroporosity (Macro) on interrows (post tillage readings)

30-'-5 40-15I <20Depth (cm) 0-5

S, Macro S, MacroSj Mac io S, Macio

-IS 19 47 19-IS 20OR 48 20

■IS 20 4S 19 46 ISRR 47 19

15 1647 19 16 17BR 47 19

16 IS 46 r■I- 19IR 47 19

r is16 1747 19OR

47 IS 46 1746 l*iRR 47 19

16 17 45 lb46 ISBR 16 IS

. .16 I7__. . 46 I_____ 1K._J6_J9_____J" 19

S, is calculated total porosity (“<>). Macro stand lot calculated <“i.) inacroporositx

Appendix 4a Total porosity (SJ and inacroporosity (Macro) on rows 

............. post tillage readings—..................................................-

Depth (cm) 0-5

post honest readings

16 IS



Appendix 4c Dispersive index measurement

l)epih(cm) 0-5 15-20 30-35 40-45

OR 12 II II

9R R II II 10

12BR 12 II

II 11TR

Values arc cummulaiive scores.

1)1 Score range 0 - 16.

Sample number per treatment 5

Total samples 60

(> <>



14 2

02 ~z.

im*"

.Open ndee .. ! tc rntec

. pen Hike • - I . 
■ : >t i

Appendix 5. Effect of tillage practices on sos! water retention 
capacity at 0 - 5 cm (a) and 20 -25 cm (b) dept 
rows

fb'i

waler tension ikfai
. Kc'hiual ndee t_ Basin • ndee

‘iV. 1flW»
Sot! water tension ikPa'

• ilv-rnia! iiuci A itn-Ui - ii»ir\

u



14 3

Appendix 6 Spatial variance in soil water content
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A J I 
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40 zn 
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Appendix 7a Analysis of variance on roxv soil xxater content (planting dax)

Crop stage Planting

I )cpl 5 cm 15 cm 30 cm 45 cm

Reps. NS NS NS NS

Treatments NS NS NS NS

it 173OR 0.164 0.171 0.171

0 172 (> 17'RR t) 172 0.17-1

0.170 O 1'4HR 0.165 0.171

o l"l1'R 0.168 0.171 0.169

C V c'ii) 5.68 2.06 0.98 I I'

NS Not sieml'tianl (P 0.005). * signilkanllx (P- 005)

Crop Mage Emergency to .'leaves

30 cmDepth 15 cm -15 cm5 cm
♦ NSReps. NS

NS NSI reatments NS NS

OR 0 191 0.189 0 190 0 ISI

0 19(1 0 191 0.186RR 0 IS?

0 193 0.193 0.I8SBR 0 IS'

0 193 0.193 0.187I R o I S3

C\ <“..t 0.82 0.60 I 8-1 I 20

Appendix ~l> Analxsis of variance on row soil xxater content (13 davx after planting)



1 4 5

Appendix "c Analysis of variance mi row soil water content (56 class after planting)

(top stage: lassclling

Depth 5cm 15 cm 30 cm •15 cm

Reps. NS NS NSNS

NSTreatments

0 336 0 357 0.364 0.369OR

0 326 0 338 0 352 0 ’47RR

0 37’0.3630.337 0 360BR

0.363 0 3770 336 0.361IR

2 "81.77C\t,,..i I II

Crop stage l assclling silking

'() cm15 cm 45 cmDepth ' cm

NS NSNSReps. NS

NS NSTreatments NS

0 295 0 3400.295OR o 258

0 291 0 300 0 3270 254RR

0 292 0.298(I 2'6 0.353BR

0 3()5ti 294IR 0 2'1 0.338

2 OSC.V (■*..) I 50I '> 0 >>'.

Appendix 7d Analysis of xariance on row soil water content (63 days after planting)
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Appendix 7c Analysis of variance on row soil water content (81 ilaxs after planting)

Crop stage I.ar devclopcment and giant tilling

Depth -15 cin5 cm 15 cm 30 cm

Reps NS XSNS xs

NSTreatments '

0.27-1 0.2820.283 0 281OR

0 2820.265 0.268 0.273RR

0.283 0 286 0.28-1BR 0.288

0.283 0 2830 283IR 0.286

I ’2 ii <>"C.V. C..) 2 95 I i)9

soil water content (86 days after planting)

Crop stage I .ar devclopcment and grain Tilling

30 cm •15 cmI )epih 15 cm5 cm

NS NSReps NS NS

NSTreatments *

C V (*!..) 0 62 0 65 0 7t» 0 so

o 30(1 o 305OR 0 301 0.309

0 3()30 292RR 0 29(1 0.3oi»

() 3()3BR 0 302 0 3()«) i> 31;

(I 3()2 0 303IR 0 309 O 3 | 1

Appendix 7f. Analysis of variance on row
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Appendix "g. Analysis <>P xariance on rent soil water content (96 days after planting)

< Top stage Maturity

Depth 5 cm -15 cm15 cm >0 cm

Reps. NS NSNS NS

Treatments NS NS NS NS

0 176 0.178 0 189OR 0.194

0.182 0.183RR 0.191 (1.198

0.180 0.185BR 0.190 (I 199

IR 0.193 0.1950 180 0.181

2.14t. \ (•’..) 2.52 1 91 ' 54

Appendix 7lt. Analysis of variance on row soil waler content (111) days after planting)

Crop stage Maturity

Depth 15 cm 30 cm5 cm 45 cm

Reps. NSNS NS NS

1 reatments * NS NS NS

OR 0.183 0.192 0 201 D213

RR 0 183 0.189 () 207 O 208

BR 0.2040.184 0.196 0 217

IR 0.183 0.193 0.202 0 215

C.Vf.l 1.01 I 48 3 00 1 90
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Appendix 7i. Analysis of variance on row soil water content (II1) days after planting)

Crop stage Neat harvesting lune

Depth 30 tin 45 cm5 cm 15 cm

NS NSReps. NS

NS NSTreatments NS

0.186 0.2020.180 0.187OR

0.191 0.199RR (1180 0 184

0.2080.182 0 191 0 195BR

0.2060 IS I 0 183 0.194IR

2.4 3 2.16 I 43I 53e.x
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Appendix 8a. Analysis of variance on interrow soil water content during planting

Crop stage planting

Depth -15 cm5 cm 15 cm 30 cm

Reps. NS NSNS

NS NSTreatments *

0 177 0.179OR 0.175 0.170

0.1770.181 0.184 0.180RR

0 175 0.178HR 0.176 0.169

TR 0 176 0.176 0.171 0.178

1.19 2.49C.V 0.88

Appendix 8I>. Analysis or variance on interrow soil water content (13 days after planting).

Crop stage l inergencx to i leaves

Depth 30 cm5 cm 15 cm 45 cm

Reps. NSNS NS

Treatments NS NS NS

OR 0 1790.178 0 180 0.184

RR 0 181 0 1820.180 0 184

BR 0.179 0.181 0 182 0.179

TR 0 177 0 181 0 179 0 180

0 90 L01_. 15
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Appendix 8c. Analysis of variance on interrow soil water content (56 days after planting).

Crop stage lasselling

Depth 45 cm5 cm 15 cm 30 cm

NS NSReps. NS NS

NS1 realments

0.3690.336 0.357 0.364OR

0.326 0.338 0.352 0.347RR

0.363 0.3730.337 0.360HR

0 363 0.3770.336 0.361IR

I "’3 2 "8I 14C V. (■■..)

Appendix 8d. Analysis of xariance on interrow soil waler content (63 days after planting).

Crop stage l asselling

Depth 15 cm 30 cm5 cm 45 cm

Reps NS NSNS NS

I realments NS NSNS

OR <> 2960 258 0 2‘»5 0 340

RR 0254 0 2'i| <1 300

BR 0 2*<?0.256 <> 298 t> 353

IR 0.254 0 294 0 305 O 338

I VC1.,) _|90 2 OS L.5JL._O93
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Appendix Sc. Analysis of variance on interrow soil water content (SI days after planting).

Crop stage Silking and ear development

Depth 5 cm 30 cm 45 cm15 cm

NSReps. NS NSNS

NS NSTreatments NS NS

0.322 0.335OR 0.3370.300

0.3360.303 0.312 0 336RR

O.33S0.314 0.320 0.348BR

0.340 0.336TR 0.315 0 321

2 32C.V f..) 2 71 I IL’I IS

soil water content (86 days afterAppendix Sf. Summary of analysis of variance on interrow

planting).

Crop stagy I ar development and gram Tilling

Depth 30 cm15 cm5 cm 45 cm

NS NSReps. NS NS

Treatments NS *NS

0.312 0.310OR 0 301 (1.338

0.330 0.124RR o 103 0.35’

0 136 0 30SBR 0 106 0.1-1

0.327 0.3120.101IR 0.345

I IS . 2J)I._. 0.25 .._2JJ.C \ l"..j
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Appendix 8g. Analxsis of variance on interrow soil water content (96 days after planting).

Crop stage Maturity

Depth 45 cm5 cm 15 cm 30 cm

NSReps. NS NSNS

NSTreatments NS

0.257 0.215 0.284OR 0.194

0 231 0.275RR 0.195 0.264

BR 0.195 0.267 0.245 0.310

0.229 0.283IR 0.195 0.271

7.60C.V.p’h) 1.30 1 67 1.64

Appendix 8li. Analxsis of x ariancc on interroxx soil water content (111) days after planting).

45 cm

NS NSNS NS
NSNS

OR 0.183 0.233 0.202 0.257
RR 0.2430 192 0.229 0.273
BR 0.248 0.2020.185 0.273
IR 0.241 0.2080.190 0.256
C.V. (";,) 3.792 65 2 69

Depth

Reps.

Treatments

Crop stage Maturity 

5 cm 15 cm 30 cm
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Appendix Xi. Analysis or variance on interrow soil water content (119 days after planting).

(’top stage Near harx esling

Depth -15 ent5 ent 15 cm 30 cm

Reps NS NSNS NS

NSTreatments

0 193 0.21-1 0 213OK (> 1X0

0.215RR 0 19-4 0 211(I 1SI

BR 0.193 0.2IX0 1X1 0.22

0 1X2 o 2 lf>IR 0 192 0.210

C V I 21 2. "5I II 1.09


