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ABSTRACT

I\vo field experiments were conducted at two localities on the
IITA. farm to investigate the effects of tillage, residue management
and soil surface manipulations; and oxygen supply on soil properties
and the performance of some tropical grain crops. The localities

lowland planted with rice and upland planted with maize,were
soybeans and cowpeas.

The treatments for the lowland rice experiment tillage operati-were
(puddling and zero - tillage), residue management (with andons

without burning) and oxygen supply (with and without oxygen) using
calcium peroxide. The experiment was a 2 x 2 x 2 factorial arranged
in a randomized conplete block design with three repl i cat ions •
Puddling resulted in higher grain yield than 一 tillage. However,zero
all the other crop growth parameters not influenced by thewere
tillage operations. Burning the residues significantly inproved
the rate of seedling emergence, mean period to ultimate emergence
and number of seedlings that attained ultimate establishment. However,
it reduced plant height and the number of tillers per plant. Under
both till age systems oxygen supply did not affect the performance and
yield of rice regardless of whether the residues left on the soilwere
surface unburnt or burnt.

The treatments for the upland crops experiment were oxygen supply
and soi 1 surface manipulations which included bare surface, mulch cover
alone, or in combination with either chiselling or conpaction. The ex-

split plot' with three replications. Mulchperimental design was a
in combination with compaction increased soil bulk density and reduced

IB ■■■ ■ I ■■ M •・・・■> >_ ■一 _ . _ —--
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It also reduced water infil-total porosity at seedling emergence.
tration before sowing and at harvest conpared to the other soil
surface manipulations. Oxygen supply alone generally had no
significant effect on plant height and leaf production of maize,
soybeans and cowpeas. However, it only enhanced percentage of
seedling establishment and root growth of cowpeas, but suppressed
root weight of maize. Reduction in growth of maize, soybeans and
cowpeas was general ly more marked when the soi 1 was mulched and
conpacted. Mulching in combination with chiselling, on the other
hand, inproved the growth of the crops. Super inposing oxygen supply

soi 1 surface manipulations significantly influenced seedli昭on
emergence and establishment, and root growth of soybeans and

For exanple, 09 inproved rate of seedl ing emergence andcowpeas ・
all theacross

soi 1 surface manipulations, except v^ien mulch was combined with
chiselling. However, oxygen supply delayed the mean period to
ultimate seedling emergence in soybeans on the bare or conpacted
and mulched soi 1. While oxygen supply shortened mean period to
ultimate emergence in cowpeas, v^ien the surface was mulched, it
pro 1 onged it Mien the surface was mulched and contacted. The
supply of oxygen also inproved soybeans lateral root length and root
density on the mulched and contacted soi 1. Cowpea tap root length

markedly enhanced by oxygen supply under mulch alone arid mulchwas
in combination with chiselling. On the other hand, cowpea root density

depressed by a mul ch-chi sell ing combination. Grain yields ofwas
not affected by oxygen supply aloneniaize, soybeans and cowpeas were

or in combination with any of the surface manipul at ions.

2 -
percentage of seedling establishment in soybeans
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1. INTRODUCTION

Tillage and other management practices in crop production

(e.g. fertilizer use, residue management, etc.) are performed in

order to create suitable soil conditions for crop growth. It is

associated with seedbed preparation and weed control (Lal, 1979; Larson,

1980). Tillage and residue management practices affect germination,

seedling emergence, growth and yield of a crop through their influence

on the soil physical, chemical and biological properties. Tillage in

general modifies soil structure which governs retention and movement

of water, aeration and degree of compaction. However, repeated conven-

puddling ) of tropicaltional cultivation (plowing and harrowing or

rapid deterioration and degradation of the topsoil whichsoils causes
results in poor rainfal1 acceptance, and make it prone to erosion
(Grohman, 1960; Moura and Buol, 1972; Lal et al., 1981). These effects ha
been observed in both lowland and upland soils where conventional
tillage has been shown to result in poor crop yields (Moura and Buol,
1972; De Datta, 1978; Rodriguez and Lal, 1985).

The adverse effects of conventional ti1lage on soi 1 and crops have
raised some concern to the farming community. As a result several
options have been sought over the recent past in an attempt to provide
alternatives. Among the options, zero - tillage system has received
considerable attention by researchers. Zero - ti11 age plus proper mana­
gement of crop residues appears to offer a possible solution to soi1
deterioration and degradation problems, especially to the fragile

mulch. It is characterizedas
tropical soils. Zero - ti1lage crop production is a system that uti1izes 
killed vegetation or previous crop residues
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by an undisturbed soil profile and abundant plant residues on the

(Lal, 1983b;Hargrovesoi 1 surface which provides protective cover
et al., 1985). Seed is placed in a slot made at a desired depth

without soil disturbance and weeds are commonly control led by

herbicides (Lal, 1983b).

Research experience in the tropics has shown that zero-ti1lage

wi th mulch for both upl and crops and 1 owl and rice production can
be used together with the conventional tillageeither replace or

system especially where weeds can effectively be controlled with
appropriate herbicides (Mabbayad and Buencosa, 1967; Mittra and Pieris,

1979; Brown and Quantri 11 , 1973 ； Maurya and Lal,1968; Lal,
1979d；Rodriguez and Lal, 1979; Ross and Cox, 1981). The merits of
adopt!ng zero-tillage for crop production have extensively been reviewed
(Anon., 1976; De Datta, 1978; De Datta et al，, 1979; Lal, 1974;
Lal et al., 1980; Maurya and Lal, 1979b).

Al though zero - tillage has gained popularity i n crop production
i n the Uni ted States of America (Anon., 1985) and has al so proved
suitable for row crops in the humid and subhumid tropics, its adoption
by farmers in the tropics has received 1ittle attention, blow adoption ra
of zero - ti11 age has been attributed to poor seedling establishment,reduc

growth and low crop yields (Burrows and Larson, 1962; Gauer et al.,

1982; Lal, 1983 bJ.985; Christian and Miller, 1984; Lindstrom, 1984).

to 1 ead to soi 1 compaction and greater mechanical strength (Soane et al.,

Prolonged use of zero-ti11 age performed by tractorized operations (e.g. 

planting,spraying, fertilizing, harvesting, etc.) has al so been shown
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of most crops. Compaction results in reduction of soil macroporosity
(Vomocil and Flocker, 1965) and water infiltration (Warketin, 1971).
In addition to being more compact, the lower pore space and higher
moisture content of soils managed with the zero-ti1lage system
may lead to reduced gaseous exchange and bring about anaerobic conditions
that may encourage the production of toxic substances (e.g. organic
acids, ethylene, etc). Such conditions restrict root elongationcan
(Smith and Russel 1 , 1969) and reduce stand establishment and crop yields
(Norstadt and McCalla, 1968; Lynch et al・,1980). The presence of mulch
commonly associated with zero-tillage may impede seedling emergence
and encourage damage of seeds and emerging seedlings by pests like
birds, rodents and insects (Kang, 1982; Lal, 1983b,1985).

Several measures to minimize the adverse effects of mulch in
-tillage have been suggested (Allmaras et al・，1977; Kang, 1982;zero

Cannel 1 , 1985; Lal, 1985). These include burning or incorporating the
mulch into the soi 1 (Cannel 15 1985) and occasional chisel 1ing' to
break the compacted zone (AlImaras et al・，1977). Recently the use of
oxygen supplying chemicals to improve aeration and the effects of
anaerobiosis in such conditions has been tried (Brandon et al_., 1983;
Leaver and Roberts,1984; Kolotovskiy, 1985).

Burning and/or removing residues is part of seedbed preparation
in traditional farming systems in the tropics. Such practice may
eliminate excess residues that would otherwise decompose to produce

1970; Gantzer and Blake, 1978; Lal et ,1981, 1983b; Ross and Cox, 1981;
Garman et al., 1981; Cannel 1 , 1985), thus reducing growth and yield
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organic acids that are toxic plants. These decomposition products
have been reported to cause poor seedling emergence, growth and
yield of crops, particularly when they grown in a wet soilare or
under zero - tillage with mulch system (Chandrasekeran and Yoshida,
1972; De Datta, 1978). Burning and/or removing the residues may also
drive away rodents, birds and other pests that destroy seeds and
young seedlings thus affecting crop stand (Kang, 1982; Lal, 1983 b.
1985). However, burning and/or removing residues in the tropics has
to be done with caution as it may aggrevate erosion and run-off
problems (Lal, 1975, 1983 b).

Continuous use of zero - tillage particularly with heavy machinery
commonly results in compaction of the soils below the surface. This
brings about poor crop growth due to mechanical impedance to root
elongation. Chisel ling can be employed to break the surface seal
and loosen the compacted zones and hence provide a corrective

to the adverse effects of such conti nuous use of zero -measure
ti1lage (Lal, 1983 b).

Under too wet soi 1 conditions, where poor aeration may be a serious
problem, the use of oxygenating compounds for alleviating the effects
of poor aeration in the tropics could also be possible. Promising
results on the use of such compounds have been reported from a few areas

tropics, mainly West Africa (Ogunremi et al., 1981) andin the
Asia (Yoshida and Parao, 1981; Leaver and Roberts, 1984). There is thus

need to demonstrate the possible benefi ts of such chemi cals thata can



the adverse effects of Iftck of oxygen in poorly drainedovercome
soils of the tropics.

Ample literature exists on conventional tillage and zero - tillage
individually and their effects on soil properties and plant growth.
However, information on zero - tillage in combination with various
soi 1 surface manipulations such as residue management, compaction,
chisel ling, etc. and their effects on soi 1 properti es and pl ant growth
is scanty. Simi1arly, research on the use of oxygen to improve crop
production is at its early stages. The work reported here was therefore
designed to examine these aspects in two experiments with specific
objectives as follows :

Experiment 1:
1) To evaluate the effects of tillage, residue management and

calcium peroxide (CaO?) the growth and yield of lowland rice.on

Experiment 2 :
1) To evaluate the effects of soil surface management on soil

properties, and performance and yield of seiected upland crops.

with various soi 1 surface management practices.

2) To evaluate the effects of CaO^ on the emergence, growth and 

yield of selected upland crops grown under zero - ti1lage
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2. LITERATURE REVIEW

2.1 Tillage in general

Tillage is defined as the physical, chemical or biological
soil manipulations aimed at inproving soil conditions for crop
production (Lal, 1979). Traditionally, tillage is associated
with seedbed preparation and weed control. Apart from weed
control, tillage is also aimed at incorporating organic
matter into the soil, inproving soi 1 structure and conservation
of soil and water (Van Wanibeke, 1974; Larson, 1980).

The type of till age practice to be enplcyed in a particular
arable land depends on the crop to be raised and a nuriDer of
envirorroental, edaphic and economic conditions. The fact that
most crops are grown under either lowland (e.g. rice) or upland
(e.g. maize, soybeans, cowpeas, etc. ) conditions,means that
their till age requirements wi 11 also differ.

Tillage systems broadly encorqpass conventiona1 (historical
traditional) and conservational (or minimum) tillage. Conve-or

ntional tillage can either be a dry (e.g. for upland crops)
wet (e.g. for low land rice) till age. In the dry till age systemor

land is plowed and harrowed several times to create a suitable
tilth for seeding or ti'ansplanting befoi'e the onset of the rains.
This tillage system is particularly used for rainied crop produ­
ction in which a uho 1 e range of tractor or animal drawn primary and
secondary equipnxints and inplements for land preparation are
used. In this system, dry or pregerminated seed is directlysown
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in bunded or unbunded fields at the beginning of the rainy season or
after irrigation (Chose £t al.,1960; Pendleton and Hartwig, 1973;

Metcalfe and Elkins, 1980). Wetland preparation, on the other hand,

is practised vftiere there is an assured adequate water stqpply.or
The system is used extensively for the production of lowland rice.
It involves repeated and thorou^i wet plowings and harrowings or
rotovating the soil at water saturation point with the ultimate goal
of breaking down soil aggregates into a homogeneous mass of aggregates
and textural separates, a process or practice known as puddling
(Sanchez, 1973; De Datta, 1978). Immediately after transplanting or
a few weeks after sowing, the land is flooded.

The conservational (or miniman) tillage system can also be used
for both wetland and dryland preparation. In this system the nurber
of field operations is reduced compared to that required in a conve­
ntional seedbed preparation. There are three main types of conserva­
tional tillage systems : reduced, mulch and zero - tillage. Reduced

tillage system makes use of a moldboard or disc plow, but reduces or
eliminates further secondary tillage with a harrow, etc. In the mulch
tillage system, hoe, chisel, disc or rotary tillage equipments - are used

that large amounts of previous crop residues are left on the soilso
surface. Zero-tillage system is an extreme case of conservation till age

transplanting in relatively undisturbed seedbedwhich involves seeding or
This system makes use of biological, organic and chemical to killmeans
the vegetation at planting (Pendleton and Hartwig, 1973; Metcalfe
and Elkins,1980; Lal, 1983b).
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2.1.1 Tillage in lowland rice production
In lowland rice producing tillage conmonly involvesareas

puddl ing and maintenance of standing water (De Datta and Kerim,
1974; Reddy and Hukkeri, 1983). Puddling changes the soil
structure from granules to particles (Scheltema, 1974; De
Datta and Kerim, 1974; Giildyal, 1978). Sanchez (1973)
listed several advantages of puddling as follows:

a) increase in soil moisture content
b) decrease in water loss by evaporation and percolation
c) increase in soi 1 aeration

in mineralization of organic matter, and
e) reduction in weed infestation.

During puddliiig weeds and weed seeds are buried. They
therefore emerge after the establishment of the crop. In
this way the crop gets the advantages of a head start and thus
avoids conpetition from weeds at the early stages of establish­
ment. Coupled with water economy and available nutrients
from organic matter, puddling encourages seedling emergence and
establishment, subsequently leading to higher crop yields
(De Datta and Kerim, 1974; Scheltema, 1974).

It has been demonstrated that hijh yields in lowland
rice can also be attained with the minimum disturbance of the soi 1
(IWabbayad and Buencosa, 1967; Brown and Quantrill, 1973). The
zero-tillage system, for exanple, is successfully replacing
the conventional till age system of land preparation foi* lowland
rice production in tropical regions of Asia, Japan and Korea,

d) increase
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where herbicides are effectively arployed to control weeds (Mabbayad

and Buencosa, 1967; Mittra and Pieris, 1968). In Nigeria, Lal

(1983b)pointed out a number of advantages of -tillage systemzero

in lowland rice production. They include savings in fuel and time
needed for mechanical tillage (puddling), and more efficient utili-
zation of labour, land and cultivation equipment.

2.1.2 Tillage in upland crop production
iviost upland crops are grown urcer the conventional tillage

system of land preparation. This system consists of several
plowings and harrowings fol lowed by the planting operation.
The significance of such a system of seedbed preparation has
been well documented (Van Wambeke, 1974; Larson, 1980).
Intensive use of the conventional tillage system, however, does
not always lead to the expected soil iirprovements, especially
with tropical soils because the system is inconpatible with
many aspects of soil and water conservation. For exanple,

of conventional till age operations in thefrequent use
tropics has been shown to expose the organic fraction of the
soi 1 to rapid oxidation at the generally high tenperatures
to the detriment of soil structure (Grohman, 1960; McCartney
Gt =!.、1 97 j : T/i 1 . 1 983n). I i so causes

reduction in soi 1 porosity and infi Itration capacity, and it
accelerates surface run - off and soi 1 erosion (McCartney

et al., 1971; Lal et al., 1981).

moclituilcul ion,
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Water stability of soil aggregates, macroporosity and pore
continuity are the soil characteristics most affected by the
conventional tillage systan. The magnitude of the effects on these
properties, however, is dependent soil type and organic matteron
content, in the top layer of the soil. In Brazil, Grohman (I960)
found that cultivation reduced the percentage of aggregates larger
than 2 rrm by half in Oxi sols and Ultisols. Reduction in aggregate
size was reflected in the uniform increase in the proportion of
aggregates of smal 1 size ranges in the Oxisol and in a drastic
increase of the aggregates smaller than 0.21 irm in the Ultisol.
Reduction in mean size of water stable aggregates responsible forwas
clogging the soil pores between large aggregates thus reducing water
infiltration rate and aeration. In another study, Moura and Buol
(1972) conpared the effects of 15 years of annual cropping on an

with intensive cropping. The decline in infiltration12 cm hr
rate was associated with a sharp decrease in air porosity of the

conpared to that with large aggregates.soi 1 with small aggregates as
Soi 1 compaction caused by mechanical farm operations under continued

of the decrease in macroporosity.cultivation was cited as the cause
The deterioration of soil structure has a great bearing crop growthon
and on the abi 1 ity of the land to sustain economic agricultural
production (Lal, 1983b).

It is widely believed that both the frequency and intensity of
primary tillage operations can be reduced in most soils without causing

serious decline in crop yield, provided that weeds are effectivelya
controlled and that the crop stand is adequate (Lal, 1983b). The

avai labi 1 i ty of herbicides and the development of appropriate seeding

Cxisol. They observed that infiltration rates decreased from 82 to 
-1
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equipment suitable for planting grain crops into until led soils have
enhanced the possibility of reducing the amount of tillage or
eliminating it altogether (Soane and Pidgeon, 1975). Elimination
of tillage operations maintains soil structure and favourable levels
of organic matter (Lal, 1983b). In general, the problem of soil
deterioration in the hunid tropics can be minimized through application
of zero-tillage practices provided that the of zero-tillage systemuse
is combined with that of the crop residue mulch (Lal, 1983)

2.2 The concept of zero-tillage (no-tillage)
earlier attenpt to use zeroBowen (1982) reported that an

till age system was made by Garber in 1927. Garber successful ly
oversowed a legume into the grass sod without till age using such

as close grazing or burning and heavysimple techniques
seed rate to manipulate the conpetition between the sward and

Hooves of animals were usedthe surface sown forage species.
to insert the seed into the soil and to inprove the seed-soi 1
contact. The introduction of herbicides such as dalapon,
paraquat and glyphosate in the 1950s and 1970s, has revolutionized
the zero-tillage farming practice (Baeumer and Bakermans, 1973).
Basic -concepts and definitions of zero-tillage (no-tillage)
have been extensively reviewed (Baeumer and Bakermans, 1973;
Unger and ifcCal la, 1980; Lal, 1983 b).

The zero - tillage system developed in the USA for row crop
production is now widely practised in the production of fodder,
cereals and other row crops to minimize energy requirements
and planting costs (Baeumer and Bakermans, 1973;Phillips and. .,
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Young, 1973; Cannel 1 > 1985). Traditionally, most farmers in the
tropics use some form of zero-tillage (Karel and Ndunguru,
1980), hence the principles of zero-tillage system are not new
in the tropics. Shifting cultivation practised by the small - holder
farmers is often based on zero-tillage principles especially where
labour is a major constraint. Under this traditional cultivation
system, the soil is only slightly tilled with hand tools.

2.3 Effect of zero-tillage soil physical properties in upland cropson

Zero-til lage with mulch and other forms of reduced till age

systems affect the soil physical properties. Particularly affected

bulk density, porosity, mechanical inpedance (or soil strength)are

and the soil water regime. Bulk density, total porosity and pene­

tration resistance are indirectly related to soi 1 compaction, soil

water content and mechanical inpedance (Larson, 1964; Lal, 1983a).

Wheel - induced conpaction also results in higher bulk density,

loss of macroporosity of thegreater mechanical strength and severe
surface horizon (Ross and Cox, 1981).

Results of studies conparing the effects of zero-tillage and
conventional tillage systems on soil physical properties have been
extensively reviewed (Baeumer and Bakermans, 1973; Lal , 1983b).
These studies indicate that continued use of zero-til lage may

high soi 1 bulk density, greater soi 1 strength and slowcause
water infi1tration.
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In a six year study, Gantzer and Blake (1978) showed that soil
under zero-tillage system of land preparation had significantly
greater bulk density and the surface soil had lower porosity

tional tillage wich ranged from 1.05 to 1.12 Nig m ・ Low porosity and
high bulk density under zero-tillage have also been reported by

Baeauer and Kucera (1978). Other studies have indicated that bulk
density and soil strength did not differ significantly between conve­
ntional and zero-tillage systems in non - vdieel traffic areas

(Nesmith 丝 al ., 1985; Anonymous, 1985). However, the bulk density
and soil strength were greater in the top 15 cm of zero-tillage
vdieel traffic areas conpared to similar areas under conventional
tillage・

In contrast, Rao et al_. (I960) have shown that zero-tillage
resulted in lower bulk density, less conpaction from tractor and
inplement traffic and less mechanical irrpedance to penetration than
those from conventional tillage. Mannering 丝 a^. (1966) observed
somevdiat higher values of soil porosity in zero-tillage than in conve­
ntional tillage. However, Ley (1983) working on volcanic soils in
South Western Tanzania observed non-significant difference in bulk
density and poi'osity between conventional and zero-tillage systems
from the early growth of maize up to silking. The greater bulk
density and lower porosity recorded in conventionally til led treatments
after maize harvesting were attributed to raindrop impact and human
traffic during sarrpling and other field operations.

in contrast to those under conven-
 -3

than that under conventional tillage. Soil densities in zero-tillage
一 qranged from 1.24 to 1.32 陇 m
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Zero-tillage with liberal use of crop residue mulch on the soil
surface can markedly influence the water regime of the soil. The
magnitude and trends of such effects vary vdth soils, climate and
soil, and crop management. However, Duin (1955) and Barnes and
Bohrent (1958) have independently shown that zero-tillage results in

better water storage and increased rate of infiltration. Usinga
high intensity simulated rainfall, Rao et al. (I960) found that zero­
till age in maize production resulted in higher rate of infiltration

and water content than conventional till age. Similarly, Kahnt

(1969), Baeuner (1970), Canriell and Finney (1973), Gantzer and Blake

(1978) and Nesmith et al. (1985) observed more volumetric water

contents from a zero-tillage surface soil than from a plowed soil.

The higher water contents in zero - tillage than cultivated plots

attributed to the high organic matter concentration near the soilwere

surface while the increased water infiltration was ascribed to the

presence of the mulch.

In the equatorial waim hunid climate of Zanzibar, Tanzania,

Khatibu et al. (1984) reported that mulch and zero-tillage treatments

with maize and cowpeas had more soil moisture reserve than other

treatments. However, the infiltration rate declined after two seasons

result of continuous cropping. In a more or less similaras a

climatic condition, Lal (1983a) reported that zero-tillaye. treatments in
South Western Nigeria had high infiItration rates despite the relati­
vely high bulk density. He attributed this to earthworm and root
channels under the mulch which provided more pore continuity .
Removal of the residues from zero-tillage plots lowered infiltration
by approximately 18 percent.
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In a two year study in the hilly region s of Northern India,
Acharya and Bhagat (1984) showed that deep plowing in an Alfisol
created more favourable conditions for water entry into the soil
profile than reduced tillage systems. However, the infiltration
rate decreased in the second year due to resettlement of the loosened
soil. When mulch was added to conventionally plowed plots, the
infiltration rate increased.

2.4 Effect of zero-tillage on emergence, growth and yield of crops
2.4.1 Lowland rice
The effects of zero-tillage on emergence, growth and yield of

In most of the studiesrice have not been studied extensively.
conducted, the effect of zero-til lage on crop performance has

lower than that from conventionalslightlyeither been equal to or
(puddl ing) till age. For exanple, Maurya and Lal (1979a) and
Rodriguez and Lal (1979) at IITA reported that days to maximan
tillering, plant height, tiller number per hill, panicle length and
grain yield were not affected by either zero-tillage puddlingor
methods of land preparation (Rodriguez and Lal, 1985).

In contrast, Pande and Bhan (1964) and De Datta et al.
(1979) have shown that the zero-tillage system produced lower
yields of rice than the conventional till age system. Ihe
poor performance in zero-ti 1 lage has been attributed to
phytotoxicity from the stubble/straw, poor aeration, nutrient
imbalance and incidences of pests and diseases (Brown and

floodedQuantrill, 1975 ). under wetgeneral,In or
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conditions, anaerobic decomposition of organic matter produces

large quantities of organic acids such acetic, propionic andas
butyric acids (Guenzi and McCalla, 1962; Cochran et al., 1977;
Rao and Mikke Isen, 1977). The presence of these products may
cause poor establishment and growth if seedlings come into contact
with the straw (Chandrasekaran and Yoshida, 1972; Lynch et al., 1980).
The highest levels of toxicity appear during the first 10 - 25 days of
deccnposition and decline after 5-7 weeks (Patrick and Toussoun,
1970; Patrick, 1971; Anon.,1985).

Zero-tillage particularly with mulch cover may also result in
nutritional imbalance during the early days (10 - 25 days) of straw
deconposition due to leaching of added inorganic fertilizers (Lal,
1985) and/or may enhance the problems of pests such as birds, rodents
insects and of disease (Brown and Quantrill, 1979).

The adverse effects caused by the presence of mulch in a zero­
tillage system may be minimized by incorporating the residue into the

transplanting, burning it. Altho-soi 1 a few weeks before seeding or or
feasible and safe, these operations may haveu^h theoretically some

practical problems associated with them. Straw incorporation may be
expensive in terms of time, fuel, funds, labour and equipment, apart
from the poor seedling establishment and crop growth (O1 iphant,
1982) caused by poor seed placement, more pests (slugs, insects, mice)
(Cannel 1, 1984) and diseases (Christian and Miller, 1984) and toxins
from the decomposing straw (Harper and Lynch, 1981) • Straw burning

the other hand, may present serious pollution and fire hazard s.on
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However, when well carried out, these operations may result in
irrproved crop growth and yields. For exarrple, Acharya (1935) and
Sircar et al^. (1940) obtained significant increase in grain yield
vAien straw was plowed into the soil a few weeks before sowing.

later supported by Miranda (I960) who obtainedThese findings were
high yield of rice when he incorporated the straw one month before

(1983) observed a redu-sowing. Recent ly, however, Ogunreni
ction in seedling emergence, plant height and grain yield of rice
when mulch was applied before sowing while the converse was true
when applied after seeding. The decline, in yield due to incorporation
of straw into the soi 1 have been ascribed to N-irrmobi 1 ization
(Jones, 1952).

In a ten - year study of rice straw management Williams 丝 al .
(1957) concluded that straw burning may cause significant rice yield

Caganpang (1964) also obtained drastic rice yield redu­reductions.
ctions when straw was burnt in situ. It has been suggested that
inavailability of mineral elements from the straw and soil were the
major reasons for the decline in the yields.

2.4.2 Upl and crops
There is substantial evidence to support that continued use o
- till age system in upland crops can result in poor cropzero

growth and yield (Cannel 1, 1983; 1985) . Among the major reasons
for the poor performance in zero - till age especial ly with mulch
include corrpaction, and it is associated with high soil strength ,
bulk density,and poor aeration. Wheel-traffic induced conpaction

lead to high bulk density and thus irrpede seedling emergencecan
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and early root development (Soane, 1985). Al j ibury and Evans
(1965) observed that in a conpacted wet soil, poor seedling emergence
could be associated with low aeration rather than high soil strength

density from 1.2 to 1.5 Mg* at 15 or 25% moisture content (v/v)
can cause a delay in emergence and a decrease in percent emergence
(Stibbe and Terpstra, 1982).

Garman et al_. (1981) obtained poor stand establishment in zero-
ti 1 lag*e plots vtfiich were continuously planted with maize. This was
attributed to poor soil moisture content in the early part of the
rainy season and highly conpacted surface soil reflected in the higji
penetrometer resistance. Recent studies (Kayombo and Lal, 1986)
demonstrated that soil compaction reduces percent emergence, plant
height and the number of leaves in maize during the first cropping
eye 1 e. However, the difference in leaf ntni)er between conpacted and
uncorrpacted treatments increased considerably in both conventional
and zero-tillage systems in the subsequent cropping cycle.

Probably the major effect of soil conpaction under zero-tillage
is on root development. Kohnke and Barber (1969), and Barber (1971)
have shown that after 6 years of zero-tillage the weight of roots
down to 60 cni was less than half of that obtained under conventional

In both cases, the roots were conce-ti 11 age at the same depth.
ntrated at the  top 10 to 25 cm of the soil. Ellis et al.
(1977) and Drew and Saker (1978) demonstrated slower rates
elongation of seminal roots in wheat and barley under zero - tillage

per se. Laboratory studies have indicated that raising the bulk
~3 m
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than under plowing, with a tendency for the roots to proliferate
in the surface few centimetres of the soil. The proliferation of
the roots in the surface layer of the zero-tillage soil was probably
associated with nutrient accumulation, especially phosphate.

Lal (1974) noted that depth and lateral root spread of maize
45 days after sowing did not differ in plowed and unplowed mulched
soils. However, four years later,the depth and lateral root spread
of maize planted at the same site were lower in plowed than in
unp 1 owed-mulched soils. The highest concentration of roots was
irrmediately beneath the mulch. More root density in the top layer of
the soil with mulching has been ascribed to the lower and more
favourable soil tenperatures and reduced mechanical inpedance due to
greater moisture conservation (Chaudhary and Prihar, 1974).

Root growth in contacted soils is mainly dependent upon soil
bulk density, soil strength and aeration status of the soil
(Veihmeyer and Hendrickson, 1948; Taylor and Burnett, 1964). However,

known to affect soil strengthboth soil water and bulk density are
(Taylor and Bruce, 1968; Veen and Boone, 1981). A grawal 丝 al .(1975)

increased the concentration of rootsthe soil from 1.5 to 1.7 IVg m

deeper layers. Further increase in bulk density to 1.9 临
increased the concentration of roots to 30% in the upper 10 an 1 ayer.

by 10% in the upper 10 cm layer and it declined to one-third at the
一 3 m

reported that an increase in bulk density at the upper 10 to 20 cm of
,, ・、& - i nr -3
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In a poorly aerated and caipact soil root growth can also be
inhibited by lack of oxygen and accumulation of respiratory by­
products that are toxic to plant roots (Guenzi and McCalla, 1966;
Lynch et al., 1980).

Depending on other soil parameters, crops react differently
to soil compaction. The roots of some crops exhibit symptoms of
mechanical inpedance as usually shown by stunted tap root growth
(e.g. cotton) or by profuse branching (e.g. wheat). Other plant
roots grow down areas of weakness such as earthworm and dead root
channels, and fissures between soil peds (Ellis and Barnes, 1980;
Lal et al., 1980) thus offsetting the deleterious effects of soil
conpaction in a zero - tillage system.

The effects of soil conpaction crop growth and root developmenton

can. be inproved through periodic chiselling of the soil to break the

conpact layer and to iirprove water infiltration and aeration (AlImaras

et al., 1977; Lal, 1983b;Wilcocks, 1984). Application of oxygen
supplying conpounds to the soil or seed can inprove the soi 1 aeration
status of extensively wet (zero - tillage) soil, and thus al leviating
the problems associated with soil conpaction.

Yield response to till age is difficult to generalize as it is
highly dependent upon soi 1 type, location and climate. Studies

conducted both in the tenperate (Amemiya, 1977; Papendick and Miller,

1977; Negi et al., 1982) and tropical (Kenrper and Derpsch, 1981;

Gazziero et al., 1983; Lal, 1984) regions have shown that there are

beneficial effects of zero-tillage conpared to conventionalsome

tillage system. In maize, for exanple, grain yields have been shown



21

to be generally higher under -tillage than under conventionalzero
till age (Jones et aJ., 1969; Triplett and Van Doren, 1969; Blevins
et al., 1971). The higher grain yields in zero 一 tillage have been
attributed to more efficient of soil moisture from the cropuse
residue and/or nutrients in the straw (Patterson, I960).

Lal (1974) proposed that the higher yield of maize mder zero -
till age with mulch than under conventional till age is due to
favourable soil tenperature, more nutrients and more biological
activity under the mulch. iViulch cover is thus an irrportant cooponent
in the zero - tillage system. The absence of the mulch may not
bring* about the expected beneficial effects of the -tillagezero
system, particularly under unfavourable weather conditions
(AlImaras et al., 1973; Doran et al・，1984).

Some studies have also indicated yield reductions in zero-tillage
conpared with conventional tillage. Blake and Aldrich (1955), for
exanple, obtained higher yields with maize under plowing than under

- till age. They proposed that the decrease in yield could bezero
due to lower porosity and more bulk density of the -tillage siltzero
loam soils. In a recent study, Acharya and Bhagat (1984), ascribed the
increase in maize grain yield under the conventional plowing to better
root growth. When evaluating the effects of dibbling, plow - planting
and conventional method of soil manipulations, Pande and Bhan (1964)
obtained significantly lower grain yield of upland rice in the zero -
till age than in the conventional - till age method. Muz i 11 i and Igue
(1979) , however, have reported that yields of soybeans, wheat and maize

Q•:
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from zero - till age plots are the same or sometimes higher than
those from conventionally tilled plots. Similar results were also
reported by Brar et al. (1982) and Franzen et al.(1984).

Soil conpaction (or high bulk density) may affect the yield of
crops. Sarnra and Goswami (1978) have observed yield reductions

upper 30 cm layer was more than 1・6 临 m . With other crops such

can be reduced when the bulk density is above 1.7 Wig m (Anon., 1977).
Kayombo and Lal (1984) have shown that grain yields of maize, soybeans
and cowpeas in both zero - tillage and plowed treatments in South
Western Nigeria are highly correlated with bulk density, infiltration
rate and porosity.

2.5 Effect of oxygen on germination and growth of crops

Germination, root development and growth are processes that
require oxygen for oxidation. Crops vary widely in their oxygen

example, have relativelyrequirements. iVfost root crops,
oxygen demand (Baver and Farnsworth, 1941). Similarly,high

tomatoes need large quantities of oxygen for maximim growth
(Clarke aiid Shive, 1936), vdiereas soybeans tolerate low oxygen
supply (Al 1ison and Shive, 1923).

In a well drained soil, oxygen is not limiting for optimun
plant growth. However, inadequate supply of oxygen is conmon in

in soiIs underwet or pooi'ly drained soils as wel 1 zero-tillageas
Crops grown in such soils germinate and grow poorlywith inulch.

as maize, pearl millet, sorghtm, sunflower and pigeon peas yields
. - -. ........ ... .. ・ . --. .. —3

in 沽eat v^en the bulk density of an alluvial sandy loam soil at the
— • -3 八 i

for
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mainly due to oxygen deficiency and the presence of toxic organic
acids from anaerobic deconposition of the mulch (Leaver and Roberts,
1984). Effects of anaerobiosis and the production of toxic conpounds
from the deconposing residue on such wet lands can be minimized by
supplying sufficient oxygen to the seed or the soil ( Ogunremi 丝 al.,
1981; Leaver and Roberts, 1984). Calciun peroxide is one of the

of oxygen that can reduce the adverse effects of poorsources
aeration (Leaver and Roberts, 1984).

To-date the use of peroxides as oxygen suppl iers has gained some
prominence in Japan, Korea, Philippines and the United States of
America vmere they are used to inprove seedling emergence, growth
ana yield of direct seeded rice, vdieat and barley in wet and highly
09 deficient soils. For exanple, about 1500 ha and 1200 ha of land

1982/83 in Japan and USA., respectively (Leaver and Roberts, 1984).

When calcium peroxide is applied to wet or moist soil it
slowly breaks down and releases molecular oxygen and calcium
hydroxide as end products. In the soil, calcium hydroxide may
eventually combine with atmospheric carbon dioxide to form calcium
carbonate (Yoshida and Parao, 1981; Ota, 1982) as shown below:

2 CaOn + 2 Ho0 2 Ca (OH)o + Q (1)2 2l22

2 CaCOn + 2 Ho0+ 2 CQ2 Ca (OH) (2)22 32

v2 -
were conrnercially planted to calciun peroxide - coated rice by

The CL is available to emerging seedling
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The rate of oxygen release is pH - dependent; it is faster under
acid than under alkaline conditions (Anon., 1981; Yoshida and Parao,
1981). The release of oxygen also occurs at a rate vdiich decreases
with time; this however, contrasts sharply with the maximvm oxygen
requiranent by the plant which increases with tim (Leaver and
Roberts, 1984).

There are two conrnon methods of applying calciun peroxide :
1) by soil application (Melsted 丝 al ・，1949; Ogunremi 丝 a)・，

1981) mostly as granules through broadcasting, banding and spot
application close to the planting hole and

2) by seed coating (Anonymous, 1983; Ota, 1982; Leaver and Roberts,
1984 ) in the form of a dust.

The latter method is currently the most widely used in the production
of rice and other smal 1 cereals (e.g. wheat> barley, etc.) in Japan
Phi 1ippines, Korea and the USA (Leaver and Roberts, 1984).

2.5.1 Effect of peroxide on germination and (growth of crops

Probably the first attenpt to use peroxide on crops was
made in the USA during the late 1940s and early 1950s. Melsted
et al. (1949), for example, recorded inproved plant growth and
increased yields of oats, maize and soybeans vrtien hydrogen
peroxide was applied to the soi 1 as a fertilizer. Later,
Wiersma and Mort land (1953) evaluated the responses of sugar
beet (Beta vulgaris L.) grown on different soil types, and

When yields of both tops andcalcium peroxide as fertilixer.



25

beets were considered, there was no advantage of CaO9 on the clay loam
soi1 whereas on

distinct advantage.

Recently, Yoshida and Parao (1981) at IRRI, found that the
rate and percentage emergence and subsequent yield of low land rice

greater in seeds coated with calcium peroxide than those fromwere
un-coated seeds. However, Brandon et al., (1983) in USA. observed
nonsignificant effect stand density, shoot length, maturity, planton
height or
at the rate of 35% of seed dry weight.

Ogunremi 丝 a£. (1981) at UTA. observed that calcium peroxide
application in a poorly drained soil significantly irrproved percentage
emergence, number of leaves, nimber of pods per plant and grain yield

Similar observations were made in Hissiain soybeans and cowpeas.
with peroxides (barium and calcium) on potatoes grown in podzolic
soils, especially during periods of excessive wetting when the soil
oxygen regime was low (Kolotovskiy, 1985).

〜 2 -
the silty clay loam the peroxide treatment was of

grain yield Mien they used calcium peroxide (61.5% CaOg)
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3. MATERIALS AND MEIH3DS

3.1 General

TWo field experiments were conducted at the International Institute

during the 1985 growing season at two locations:

valley bottom soi 1 viiich had been under ricea lowland fora) on a
cultivation for the previous several years (Block FTO 二 Paddy) and

b) on an upland which had been left fallow during the previous
(Block B 25).season

The first season starts inAt II7A, there are two growing seasons.
April and extends to July; vdiile the second, a short one coveres
August through early November. The lowland experiment was planted
in January under flood irrigation viiile the upland one was planted
during the main season (April to July ) and extended to the short rainy

(August to early Noveinber ) (&)pendices 1 and 2 ). The detailsseason
of each experiment at the two sites are outlined below.

3.2 Experiment 1 : Effects of tillage, surface cover and calcium
peroxice on the performance andyield of lowland
rice (Oryza sative L・)

The experiment was laid down in Block F-10 (Paddy) a valley bottomon
soi 1 under flood irrigation. Ihe soil is classified as loarny.
mixed, i sohyper thenni c Aerie Tr opaqua If according to Soi 1 Taxonomy

The general characteristics(Soi1 Survey Staff, 1975).

of Tropical Agricultural (IITA), Ibadan, Nigeria (Lat 7° 29,N and 
Long. 3° 54!E at an elevation between 185 - 240 m above sea level)
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of the soil at the experimental site are depicted in Table 1.

3.2.1 Treatments and experimental design

There were three treatments : tillage operations, residue
management and oxygen supply (calciun peroxide application ). The
details of each treatment were as follows :

a) Tillage : Involved conventional tillage in、血ich the land was
rot ova ted using rotovator blades mounted on a power
tiller (Land Master) at water saturation point, herein
after referred to as puddled plot (Tl)・ The zero­

in two splits4, 4’ bipyridiniun ion ) at 5 1 ha
before sowing (1 week and one day, respectively ).

b) Residue management : This treatment was super inposed on the
tilled and zero-til led treatments (T1 and
T2, respectively ). Straw from the previous
rice crop was spread over the entire experime­
ntal land. Residue management involved controlled

while inburning of the straw on 12

电）.unburnt

c) Oxygen supply: Calcium peroxide (72% Ca02) applied during sowingwas
at the rates of 0 and 6 kg ha The CaO granules
were placed 3 cm
the rows- The levels of oxygen are herein after

tilled land (T2) was treated with paraquat (1-1 dimethyl
-1

plots (Tp
the remaining 12 plots the straw was left

2
from the hill of rice seeds along

referred to as 0】and 02， respectively.
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Table 1 : Some physical and chemical properties of the surface
soil ( 0 - 15 an ) of Block F -10 (197.8)

Properties Values

pH 5.9
Organic carbon (%) 0.64
Total nitrogen (%) 0.088
C/N ratio 7.3
Available P (Bray 1)理蛇 soil 3.4
Exchangeable cation ( c mol (p ) kg ):

7.82a) Calciirn

3.39b) Magnesiun

0.15c) Potassium

1.14

13.03

Soil separates (%):
30a) Clay
29b) Silt
41c) Sand
clay loamTextural class

Source : Rodriguez and Lal (1985)

d) Sodiun
Effective CEC (c mol (p+) "kg 】)
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Hie experiment was a 2 x 2 x 2 factorial arranged in a rando­

mized conplete block design with three replications. The plots

(3 x 4.5 m) were separated by 1 m alley ways (Appendix 3 ).

3.2.2 Sowing and management of the trial
Rice seeds (CV I TA 306); previously soaked in water for 36

hours, were sown at a spacing of 20 x 25 cm. Four seeds per
hill were dibbled on the top one centimeter of the wet and soft
soil. The sowing operation was acconplished within two days
(January 7 - 8, 1985). Flooding was with, held for three weeks

Four weeks afteruntil emergence was conplete. emergence
the seedlings were thinned to one plant per hill.

Hie conpound fertilizer (Nitrophoska) 15 - 15

of nitrogen in the format sowing. Additional 30 kg ha
of urea (46% N) was applied 40 days after emergence.

The experiment was flood irrigated and.kept free of weeds and
insect pests as reconmended for IITA up to harvesting.
There was no serious disease outbreak during the experimental
period.

3.2.3 Data collection and analysis
Data were collected on seedling emergence, tiller nixnber,

plant height and grain yield. Seedling emergence was assessed
square quadrat randomly placed on each plot. Three courusing 1 m

were made on each plot dai ly and their average was recorded as

hand broadcast on the soil surface at the rate of 400 kg ha
-1

15 was
-1
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the number of seedlings emerged for the plot. Ibis operation

continued until no further emergence occurred• These counts were

enployed to arrive at the rate of emergence, mean period required

for emergence and number of seedlings v^ich attained ultimate

establishment (Appendix .4 ).

Tiller nunber per plant obtained from ten randomly selectedwas

plants from six rows at the centre of each plot at harvest.
The average tiller number of the ten plants was taken as the number
of tillers for the plot.

Plant height measurements were made up to the top of the
tai lest leaf or panicle in a hill. The same plants for which tiller
number was recorded were used to obtain data for plant hei^it. The
average height of the ten plants was recorded as the plant hei^it

the plot.tor

2For grain yield, the central 5.25 m of each plot was harvested,

were

content. Grain yield was expressed in ha .

The data were subjected to analysis of variance using the
IITA GENSTAT conputer progranme.

to estimate yields per plot after being adjusted to 12% moisture
J . • T J J • rn —1

threshed and fresh weight determined. Subsanples from each plot 
oven dried at 105°C to constant weight. These were used
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Table 2 : Some physical and chemical properties of the surface

soil ( 0 - 5 cm ) of Block B 25, 1985*

Properties Values

pH 5.8
Organic carbon (%) 1.12
Total nitrogen (%) 0.15
C/N ratio 7.62

-1 31.4Available P (mg kg )
-1+Exchangeable cation ( c mol (p ) kg ):

0.51a) Calcirm
0.67b) Magnesiun
0.31c) Potassium
0.18d) Sodium

-1+Cation exchange capacity ( c mol (p ) kg ) 4.67

Soi1 separates (%):
19.4a) Clay
8.6b) Silt

72.0c) Sand
Sandy loamTextural class

Source :- UTA. Analytical Service Laboratory, 1985*
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3.3 Experiment 2 : Effect of zero-tillage and calciun peroxide

on soil physical properties and performance

and yiel of sane tropical crops

from Basement complex rocks characterized by relatively sandy surface

structure overlying a layer of angular to subangular quartz gravel

argil lie horizon. The soi 1 is classified血ich emerges into an
an Oxic Paleustalf according to Soil Taxonomy (Soil Survey Staff,as

1975). The clay fraction of the soi 1 is dominated by Kaolinitic

clay minerals and amorphous sesquioxides (Moormann et al., 1975). The

general properties of the surface soil (0-5 cm) at the experimental

before the experiment was laid out are depicted in Table 2.site

3.3.1 Land preparation

(1-1 dimethyl - 4, 41 bipyridinium ion ) at 5 1 ha to kill
the vegetation and three days later the dead grass was slashed. The

the soil surface as mulch.slashed grass was then spread evenly on
The experimental land was then demarcated according to.treatments.

3.3.2 Treatinents and experimental design

The treatments involved oxygen supply (Ca02 application)
which included bareand zero-tillage operations

surface, mulching, mulching plus strip chiselling and

These treatments were appliedmulching plus conpaction.

One week before planting, the field was sprayed with paraquat
-1

The experiment was conducted in Block B 25 on a soil derived
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three selected crops (maize, covvpeas and soybeans) in a single
experiment. The details of each treatment are out 1 ined below:

onto wet seeds at the rates of 0 and 10% (w/w). The coating
procedure has successfully been enployed in rice (Ota, 1982;
Leaver and Roberts, 1984). The .uncoated and coated treatments

2

Zero - till age operations (hereby to be known as soil surfaceb)
management): In the bare plots the mulch was removed (Tl).

left undisturbed (T2). In the chisel led -The mulched plots were
mulched plots a strip of 5 cm wide and 10 cm deep was made
manually using machetes- The mulch on the remaining parts of
the plots was left undisturbed (T3). In the conpacted - mulched
plots a tractor (Model IB 995) was run through the plots
several times (T4).

The experiment was laid out in a split plot design with three
replications (Appendix 5). The treatments assigned to thewere

plots as follows:

i) without calcium peroxide (0q)
ii) with

Subplot treatments : Soi 1 surface management

mulch plus chiselling (T^)3) Soi 1 surface management with
4) Soi 1 surface management with mulch plus corrpaction (T4)

1) Sol 1 surface management wi th bare surface (T】)
2) Soil surface management with mulch cover (T?)

are herein after referred to as 0】and O?，respectively.

a) Oxygen supply: Granules of calcion peroxide (72% Ca09) were ground 
in a mortar to form a powder. The powder was carefully coated

- 1
calcium peroxide (0g)
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3.3.3 Sowing and management of the trial

The test crops (maize, cowpeas and soybeans) were sown

using an IITA-made hand jab planter on May 9 and 10, 1985.
The varieties and spacing used are -shown in Table 3.

Table 3 : Varieties and spacings for the test crops

Crop Variety Distance between

Rows (cm) Hills (cm)

25Maize TZB  GUSAU 75
TGx 536 - 02D 50 10Soybeans
TVx 3236 50 15Cowpeas

nitrogen in the form of urea
phorus as single superphosphate (SSP) and 30 kg ha
potassium in the form of muriate of potash, the latter two

supplied withwerewere
SSP and 30 kg K ha muriate of potash at20 kg P ha asas

All the fertilizers were hand broadcasted on thesowing.
soi1 surface.

sowing and half just before tassel ling) of 120 帽 ha
-1

applied at sowing. The legumes
-1 …ccc cc i一一 tz t__-1

Maize received a split application (half at 4 weeks after
-1

(46% N) and 20 kg ha of phos-
-1
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Weeds were manually controlled during the entire experimental

period. Pesticides were applied to control insect pests. Carbofuran

granules (10% ai ) were applied to maize at 2 kg ha three weeks

after sowing to control insect pests. Startir^ from 5 weeks after sowing

weekly sprayings of a mixture of deltamethrin ( 1 - d - cyano - 3 ~

benzyl d, cis - dibromochryanthemates ) and dimethoate (0, 0 - Dimethyl
s

applied to control leaf and post flowering,respectively,1 ha were
insects in cowpeas. Soybeans were occasionally sprayed with the same

enployed to either of themixture. No disease control measures were
three test crops because they were all practically disease free.

3.3.4 Data collection and analysis

Data collection and analysis of both agronomic and soil

variables were conducted as detailed below :

3.3.4.1 Agronomic variables

a) Seedlir^ emergence : seedling emergence was assessed as outlined

in Experiment 1 above (section 3.2.3 ) except that percentage

recorded in the three crops insteadseedling establishment was

of number of seedlings.

b) Plant height: Plant height from five randomly selected plants was
regularly determined, and the average height of the five plants was
recorded as the plant height for the plot. The distance between
the soil level and the tallest leaf was taken to be the plant hei衣t.

一 (N 一 methyl - carbamyl 一 methyl ) phosphorodithiate at 2.5 and 1.0 
-1

(2-3 DI hydro 2, 2 - dimethyl - 7 - benzo furanyl methyl carbonate)
-1
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c) Number of leaves : The nrrriber of leaves per plant in each plot
was assessed from the same plants used for measurir^ plant
height.

d) Root growth: Seven weeks after sowing the root systems of five
plants were excavated and washed. Tap and lateral root length was
determined by taking the length between the part just below
the soil surface and the tip of the roots. Root dry weijit was
recorded after the roots had been dried at 60 C for 24 hours to constant

method (Bohm, 1979)weight. At harvest sanpies were taken by the core
up to 10 cm depth for root density assessment. These sanpies were
water saturated over night and then washed with a gentle spary of
water over a 2 nni sieve.

Root density was
-3expressed as the weight of dry roots per unit volune of soil (ng cm ).

e) Grain yield: The crops were harvested manually from the centre of

were

moisture content. Grain yield was expressed in Mg ha

3.3.4.2 Soil variables
a) Bulk density and total porosity: Bulk density of the surface soil

(0 - 5 cm ) was determined according to the procedures out 1 ined by

Blake (1965) before sowing, at flowering and harvesting stages.

Total porosity was calculated from the relationship between bulk

density and particle density as follows:

used to estimate yield per plot after being adjusted to 12% '
-1

Washed roots were picked up with a pair 
of forceps and then dried at 60°C for 24 hours.

each plot, shel led and their fresh weight was recorded. Subsanples 
from each plot were oven dried at 105°C to constant weight. These
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1 - ( Db/Dp ) (3)x 100

vdiere ;

total porosity=

Db = bulk density, and
Dp = particle density

-3The particle density (Dp) was taken as 2.65 吨 m ・

b) Infiltration and moisture content measurements : Field water
infiltration capacity was determined using double ring
infiItrometers prior to any treatment application and after
harvesting the crops. The determination procedures are outlined
below :

i) Infiltration
Two concentric metal cylinders of varying sizes were used in
measuring infi 1 tration (Plate 1). The small cylinder was 25
an high and 25 cm internal diameter and the larger one was 30

high and 30 cm internal diameter. Each cylinder wascm
depth of 8 cm. The space betweendriven into the soil to a

and outer cylinders ( 5 cm) was used as a buffer zone
and was thus filled with water to a height of 15 cm. The water
level was maintained approximately at the height through-same
out the observation period. The inner cylinder was then filled

•desired depth and the starting time recorded.theto
a reference, the drop in waterUsing a short, pointed marker as

head was recorded at one minute intervals during a two - hour
period of observations. The inner cylinder was refilled
whenever the water level was too low for reading.a

the inner
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Plate 1 : Double ring infi 11 roiiietcr
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Infiltration equations are usually used to express cumulative

infiltration, that is, total quantity of water infiltrated into the

soil (I) or the infiltration rate (i) as a function of time (t).

Cumulative infiltration (I) was thus derived as fol lows:-

I + At + Bt 3/2 + (4)
Replacing all terms beyond St2 by Kt, I becomes :

(5)St2 + Kt
cumulative infiltration (cm)v^iere I

time in minutes
S

" transmissivity” or hydraulic conductivity

ii) Soil moisture content
Soil moisture content of the surface soil ( 0- 15 an) was

determined gravimetrically at the time of monitoring infiltration
and v^hen taking sanpies for bulk density determination. Two

soil sarrples were collected from each plot. The sanpled soil

placed in moisture boxes vAiich were then transferred to anwas

and dried to constant v/eight at 105 C. The percent moistureoven
content (Me on w/w basis ) was calculated as :

x 100 (6)MS — DS% MC
DS

where % MC = moisture content %
MS =weight of moist soil (g)
DS = weight of dry soil (g)

i nsorptivityn of the soil (also obtained by I/t2)
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Data collected, except infiltration data, were subjected to
analysis of variance using the UTA GENSTAT conputer progranme.
Data for each crop were analysed separately.
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4.0 RESULTS AND DISCUSSICN

4. 1 Effects of tillage, surface cover and calcium peroxide on
the performance and yield of lowland rice (Oryza sativa L)

4.1.1 Seedling emergence
Data on the effect of tillage, residue management and

oxygen supply on rice seedling emergence are presented in
Tables 4, 5 and 6. Residue management significantly
(P 0.01) affected the rate of emergence (Table 4) and
period at which rice seedlings reached ultimate emergence
Table 5 (P = 0.05). The rate of seedling emergence was
depressed by the presence of unburnt residues (mulch)
irrespective of the tillage system and Ca09 application.2
Seedlings from the mulched plots were buckled and kinked
indicating that the mulch was inpeding their emergence.
This might have led to the exhaustion of the cotyledons
food reserves before the seedl ings were able to photosyn­
thesize (Rathore et al., 1983). It is also possible that the
production of phyto toxic organic acids from the deconposing
residue could have contributed to the slow rate of
seedl ing emergence in the mulched plots (Rao and Mikke Isen,
1977; Lynch et al., 1980).

Burning the residue, however, resulted in a higher
rate of seedling emergence than when the residue was unburnt
(Table 4). This supports the earlier suggestion that seed-
1 ing emergence in the. mulched plots depressed throughwas
mechanical inpedance or through allelo - chemicals from the
deconposing niu 1 ch (Lynch et al ・，1980; Lal, 1985)
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Table 4: Effect of tillage, residue managanent and oxygen supply
on the rate of rice seedling emergence

Mean numbers of seedlings day
-iCaO 0 kg- ha 6 kg ha2

DiffResidue Diff. Burnt
Tillage

2.4 NS7.5Zero-tillage 11.3 9.96.4

11.2 4.4Puddling 12.6 5.8

3.1 NS1.3 NS0.6 NS1.3NSDifference
CV, % 22

Significant at P = 0.01; NS = Not significant at P = 0.05**

CV = Coefficient of variation ;
F - values from the main table for:

NS0.121Tillage (1, 14)

1.046Ca0o (1,14) =
NS3.972

,NS0.625Tillage x Ca09 (1, 14)— 乙
NS0.560Tillage 2

Burnt Unburnt
(mulch)

Iftiburnt 
(Mulch)

5^2
Tillage x Residue (1, 14)

Residue (1, 14) = 43.71; P = 0.01, LSD (0.01) - 3.27
.NS

x Residue x Ca0o (1, 14)

**6.8

**4.9
**6.8
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Ihere was significant interaction effect due to tillage, residuea
management and calcium peroxide (Table 5) on mean period to ultimate
seedling emergence. Seedliiigs in zero-tillage plots took a signifi­
cantly (P = 0.05) longer time to ultimate emergence vdien the residue
was left on the surface as conpared to when the residue was burnt.
In the zero-tillage plots, burnir^ and oxygen supply significantly enhanced
seedling emergence. In the puddled plots, however, neither burning nor
oxygen supply affected the mean period to ultimate emergence to any

Ca09 (oxygen supply)true when the residue was unburnt.The converse was

in this site could have been adequately aerated such that it did not
require any external source of oxygen (Kolotovskiy, 1985).

The ntmber of seedlings that attained ultimate establishment in all
treatments was generally smal 1 (Table 6) . This was probably due to

unexpected early outbreak of insect pests vdiich cut the seedlingsan

of carbo fur an ( 2 - 3 - Dihydro 2, 2 - dimethyl - 7 - benzo furanylha
methyl carbomate ). However, none of the treatments (viz. tillage
operation, residue management and oxygen supply ) affected the number
of seedlings that eventually reached establishment to any significant
extent ・

at soil surface level. These were imnediately controlled with 2 kg 
-1

significant level. However, Men the residue was burnt, O? supply 
significantly delayed the days to ultimate emergence in the puddled plots.

2 …
main effects in the time to ultimate emergence surest that the soi 1
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Table 5 : Effect of tillage, residue management and oxygen

supply on mean period to ultimate emergence

Mean number of days

-10 kg ha 6 kg haCaO 2

Residue Diff. Burnt Diff.

Tillage

0.7 NS 2.3 5.6Zero-tillage 4.3 5.0

0.9 NS0.1 NS 4.5 3.6Puddling 3.8 3.9

Difference 1.1 NS0.5 NS

CV, % 19

0.05; NS = not significant at P 0.05* significant at P

CV = coefficient of variation;

F-values from the main table for:
Tillage (1, 14) = 0.97 NS

0.05; LSD (0.05) = 0.689Residue (1, 14) = 6.47; P
Ca0o (1, 14) = 0.53 NS

Residue x Ca0o (1, 14) = 1.69 NS2

0.05; LSD (0.05)= 1.38

*
2.2

*
3.3

*
2.0

Tillage x Ca09 (1, 14) = 1.97 NS 
~ Lt

Till age x Residue x CaO? (1, 14) = 7.86; P

Unbumt 
(Mulch)

Burnt Unburnt
(Mulch)

Till age x Residue (1, 14) = 14.76; P 0.01; LSD(0.01) = 0.97
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Table 6 : Effect of tillage, residue management and oxygen supply
on the nunber of seedlings viiich attained ultimate
establishment

-2Mean number of seedlings m
-10 kg ha 6 kg haCaO 2

Residue Diff. Diff.Burnt

Tillage

0 NS12 NSZero-tillage 76 64 64 64
1 NS3 NSPuddling 63 60 68 67

4 NS 4 NS13 NS 4 NSDifference
CV, % 19

0.05not significant at PNS
CV = coefficient of variation;

F-values . from the main table for :

0.287 NSTillage (1, 14) 二

0.542 NSResidue (1, 14)
Ca0o (1, 14) = 0.001 NS2
Tillage x Residue (1, 14) = 0.161 NS

1.373 NS
Residue x Ca0o (1, 14) 0.494 NS2
Ti1lage x Residue x Ca09 (1, 14) = 0.324 NS

Burnt Unburnt
(Mulch)

Unbumt 
(IWulch)

Tillage x Ca09 (1, 14)
Lt
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Table 6 : Effect of tillage, residue management and oxygen supply
on the number of seedlings which attained ultimate
establishment

Mean nurber of seedlings

0 kg ha 6 kg haCaO 2
Residue Burnt Diff. Burnt Diff.

Tillage

0 NS12 NSZero-tillage 76 64 64 64
1 NS3 NSPuddling 63 6860 67

13 NS 4 NS 4 NS 4 NSDifference
CV, % 19

0.05not significant at PNS
CV = coefficient of variation;
F-values from the main table for :

Tillage (1, 14) = 0.287 NS
0.542 NSResidue (1, 14)

Ca0o (1, 14) = 0.001 NS2
Ti11age x Residue (1, 14) 0.161 NS

1.373 NS
0.494 NSResidue x Ca0o (1, 14)2

Tillage x Residue x Ca09 (1, 14) 0.324 NS

m-2

Unburnt
(血 Ich)

Unbumt
(Mulch)

Tillage x Ca09 (1, 14)
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4.1.2 Nunber of tillers per plant

The number of tillers per plant was not significantly
influenced by the treatments before booting (Table 7).

Table 7 : Effect of tillage, residue management and CaO9 on number 
Li

of tillers per plant before booting

Mean tiller number per plant
-1CaO 0 kg ha 6 kg ha2

Diff.Diff.Residue Burnt Burnt

Tillage

13.42.0 NS 14.2 0.8 NSZero-tillage 12.2 14.2

0.2 NS1.4 NS 14.0 13.813.4Puddling 14.8
0.2 NS2.6 NS 0.8 NS 0.4 NSDifference

CV, % 15

0.05; CV = coefficient of variation.not significant at PNS
F-values from the main table for :

0.396 NSTillage (1, 14)
0.019 NSResidue (1, 14)

0.056 NSCa0「 (1, 14)2
Tillage x Residue (1, 14) 0.683 NS

0.242 NSTillage x CaO^ (1, 14)
0.223 NSResidue x Ca0o (1, 14)2

Tillage x Residue x Ca09 (1, 14)=1.348 NS

Unburnt
(血 Ich)

Unbumt 
(IVmlch)
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At harvest, however, the number of fertile tillers was

significantly affected by the treatment combinations (Table 8).

was

the residue was burnt in the zero-tillage system. In the puddled

plots, however, the converse was true in that mulching depressed

the nunber of tillers significantly (P = 0.05). The hi曲er nixriber

of tillers observed at harvest in the zero-tillage mulched

plots could be due to the inprovement in oxygen supply from the

later growtha

1981; Leaver and Roberts, 1984). It has been reported that at
high pH, Ca09 releases 09 at a slow rate (Yoshida and Rivera,

was

before booting. Also the leaching of phyto toxic organic acids from

the deconposing mulch might have contributed to the large number of

tillers in the zero-tillage mulched plots. Meanvrtiile, the lower

number of tillers in the puddled and mulched plots could be attributed

to the accumulation of phytotoxic organic acids produced from the straw

(Lynch 丝 al ・，1980; De Datta, 1978) caused by the irrpermeable soil

layer (that is a hard pan) formed just below the plow layer (De

Cao? vtfiich slowly releases oxygen to the plants at

period 面en there is a higher demand for it (Yoshida and Parao,

1978; Anon., 1981). The pH of the soils in the experimental plots

In the presence of CaO?, residue management and till age operations 

had significant effects on the nunber of tillers. When CaO

6.5, which supports the suggestion that the 02 availability 

at the later growth stages of the plant was relatively higher than

Datta, 1978) and this could not be inproved with 09 availability.

2 
supplied, mulching produced significantly more tillers than vAien
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Table 8 : Effect of tillage, residue management and CaO? on nimber
of tillers per plant at harvest

Mean tiller nnrber per plant
-10 kg* ha 6 kg haCaO 2

Residue Diff. BurntBurnt

Tillage

1.7 NS 11.4 13.6Zero-tillage 13.2 11.5
0.7 NS 13.3 10.7Puddling 12.8 12.1

0.4NS 0.6 NS 1.9 NSDifference
CV, % 13

0.01 levels, respectively;0.05 and Psignificant at P* **and
not significant (P = 0.05); CV = coefficient of variation;NS =

F-values from the main table for :
0.100 NSTillage (1, 14)
1.003 NSResidue (1, 14)

0.058 NS2
2.126 NSTillage x Residue (1, 14)

0.197 NS
0.560 NSResidue x Ca09 (1, 14)2

Tillage x Residue x Ca09 (1, 14) = 5.036, P 0.05, LSD(0.05) 1.99二 =

*2.9

*2.2

Ca0o (1, 14)

*2.6

Unburnt Diff.
(Mulch)

Unburnt 
(IVtulch)

Tillage x Ca09 (1, 14)
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4.1.3 Plant height

Plant height at early booting was significantly (P = 0.01)

affected only by residue management (Table 9).

Table 9 : Effect of tillage, residue management and oxygen supply
plant height at early bootingon

Plant height, an
-1 -1CaO 0 kg ha 6 kg ha2

Residue Diff.Burnt Diff.Bui'nt

Tillage

**Zero-tillage 82 94 12 88 95
**Puddling 86 91 5 87 97

4 NSDifference 3 NS 1 NS 2 NS
CV, % 6

0.01; NS = not significant at P** significant at P 0.05;
CV= coefficient of variation;

F-values rrom the main table for :

Tillage (1, 14) 0.258 NS
17.685, P = 0.01； LSD (0.01)Residue (1, 14) 4.467

Ca0Q (1, 14) 2.982 NS2
Till age x Residue (1, 14) = 0.3Q1 NS
Tillage x Ca02 (1, 14) 0.000 NS
Residue x Ca0o (1, 14) 0.004 NS2
Ti11age x Residue x Ca09 (1, 14) 2.081 NS

**7

Unburnt
(Mulch)

Unburnt
(Mulch)

**10
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It is interesting to note that al though the rate of emergence
was low in the unburnt residue (Table 4), the plants were
generally taller than those from the plots with burnt residues
(Table 9). The response to mulching could be ascribed to the adequate
supply of nutrients from the deconposing straw (Lal, 1983b). On
the other hand, the poor growth of plants in the burnt plots could
probably be due to an inadequate nutrient supply, particularly
nitrogen and sulfur which are known to be easily lost during burning
(Biederbeck et al., 1980). These results are in contrast with those
of Ogunremi et^ al ・，(1986), who reported a decrease in rice plant
height in mulched plots and attributed it to carpet it ion for
nutrients between the plants and microbes.

4.1.4 Grain yield
Rice grain yield was not affect by either residue management,

by their cont)ination. However, till ageCa09 application or

conpared to the other treatments (Table 10).

Puddling resulted in increased grain yield over the zero­
till age system, except in no oxygen supply mulched plots (Table 10).
Despite the generally higher number of tillers in the zero­
till age plots (Table 8), yield in zero-tilled plots was much lower

The tillers from thethan that in the puddled plots. zero-
tilled plots were slender and produced smaller panicles which

initially available atsuggest that the nutrients which were
probably 1eached to deeper horizons beyond theti11 ering were

2
operations resulted in significantly (P = 0.05) higher yields
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Table 10 :

Yield,陶 ha
-1CaO 0 kg ha 6 kg ha2

Residue Diff. Burnt

Tillage

Zero-tillage 4.0 4.0 0 NS 3.4 3.5 0.1 NS
Puddling 3.3 5.2 1.9可《 4.4 0.2 NS4.6
Di fference
CV, % 17

0.05; NS = not significant at P 0.05,
CV = coefficient of variation;

F-values from the main table for:
Tillage (1, 14) = 5.225 ; P = 0.05; LSD (0.05) = 0.616

3.780 NSResidue (1, 14)
Ca0o (1, 14) = 0.445 NS2
Tillage x Residue (1, 14) = 3.133 NS
Tillage x Ca09 (1, 14) 1.860 NS2
Residue x Ca0o (1, 14) 2.022 NS2

2.190 NSTillage x Residue x Ca09 (1, 14)

♦
1.1*1.2* 0.7 *1.0

Burnt Unbumt
(Mulch)

Unburnt Diff.
(Will ch)

* significant at P

Effect of tillage, residue management and oxygen 
supply on the mean grain yield (Mg ha 】)of rice.
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sandy soil, on the other hand, resulted in a decrease in the loss

(Pande and Bhan, 1964; Curfs, 1976; De Datta 丝 al., 1979), althou^i
Rodriquez and Lal (1979), Maurya and Lal (1979a) and Ogunremi (1983)
reported higher rice grain yields with zero-tillage. The latter
workers attributed it to the availability of nutrients from the
deconposing residue.

4.2 Effect of soil surface management on the physical properties of
soil sown with maize, soybean and cowpeas

4.2.1 Bulk density

Data on bulk density for plots sown to maize, soybeans
and cowpeas under various soi 1 surface management practices

presented in Table 11. There were no significantare
(P = 0.05)differences in bulk density at al 1 growth stages of the
test crops, except at emergence. At emergence, the bulk density
was uniform in each crop for a particular surface management

)than any of the0.05) higher bulk density (1.63 临(P
other treatments. There were no differences in bulk density
between crop species at this growth stage; probably because
the plants were still too smal 1 to exert any influence on the
bulk density. The high bulk density value in conpacted

of nutrients by leaching (Bodnan et al.., 1958; Anon., 1984).
Similar higher rice grain yields with puddling have been reported

with compacted treatment registering significantly
一 3 m

reach of the rice roots (Ihomas et al_., 1973). Puddling such a
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plots could be attributed to the high soil strength caused by soil
compaction (Kayon±)o, 1986). Manipulation of the soil surface,
however, did not seem to affect bulk density to any significant
level after the crops had been well established. This could be due
to the fracturing and aggregation ( stabilizing) effect caused by
plants root growth and organic matter (Phillips and Kirkham, 1962;
Larson and Allmaras, 1971). The mulched and chiselled treatments
registered low bulk density values possibly due to the biological

observed slight differences in bulk density values at the different growth

content recorded at emergence and at maturity stages with
corresponding high bulk density values. The converse was true at the
tasseling - flowering stage of all crops when the soil was wet from
the rain and the canopy. Curfs (1976) and Ley (1983) showed that an
increase in moisture content can result in low bulk density values.
The ennui at ive effect of trampling of the soil surface during
sarrpling, data recording and chemical spraying might also be responsible
for the generally high bulk density values registered at maturity

earlier conclusion that prolonged(Ley, 1983). These results support an
of farm machinery and equipment as in a mechanized zero-tillageuse

system, may result in soils of high bulk density caused by soi 1
compaction (Ehlers, 1973;Douglas et al ・,1980; Kayombo and Lal, 1983;
Franzen et al .，1983 aiid Nesmith et al ・，1985), although the presence
of earthworms and root channels during the growing season and inprove-

activity in the former (Ehlers, 1979) plus the loosening of the soi 1 
.In the latter treatment resulting in a porous soil surface.

stages of three ci'ops could have been caused by the differences in soil 
moisture content (Table 13). For exanple, there was low moisture
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ment brought about by chiselling may offset the deleterious effects

of conpaction on a -tillage with mulch soil (Gantzer andzero
Blake, 1978).

4.2.2 Total porosity

0.05) level
by surface management only at seedling emergence (Table 12). At
this stage, conpaction depressed the total porosity significantly
(P = 0.05). However, total porosity in the remaining surface
manipulations in each crop did not differ from that in the
control. At the other stages of crop growth the various treatments
did not significantly influence total porosity, although
conpacted treatment still had the lowest values (Table 12).
The results show that increase in bulk density (Table 11)

-tillage mulched soil resulted in aafter contacting a zero
corresponding reduction in total porosity (Table 12 ). Soil
compaction usually results in a decrease in the nurber and
continuity of the large air - filled pores of the soil
(Bodnan et al., 1958 and Cannel 1, 1983). A reduction in
total porosity from conpacted surface soi 1 in -tilled plotsno
has also been reported elsewhere (Pidgeon and Soane, 1977；
Chopart, 1983; Kayombo and Lal, 1984; Hoeft and Randal 1, 1985).
The relatively high total porosity values recorded in mulched
and chisel led plots were probably due to the high biological
activity and loosening action of the soi 1 from the mulch and
chisel 1 ing.

Soil porosity was affected to a significant (P =
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4.2.3 Infi 11 rat ion

Initial cumulative infiltration data were collected for
each surface management system before sowing. The measurements
were taken for a period of 120 minutes. At this time the
soil was still moist (Appendix 1). Qiiselling in cocrbination
with mulch had the hi庄lest cunulative infiltration (207.3 cm)
followed by mulched (148.2 cm) and bare (148.4 an) surfaces,

mile the contacted - mulched plots had the lowest values

(117.7 cm ) (Fig. 1 ).

Data for cunulative infiltration at harvesting for the

different crops are depicted in Figs. 2, 3 and 4 . The
measurements were taken during the wet spells (^pendix 1)
vAien the soil was moist. Hence crrnulative infiltration values

equally affected. The difference in infiltration datawere
is therefore a reflection of the effects of the crops and
treatments.

In general, cumulative infiltration was lowest in the

conpactea plots for all the crops (Figs. 2, 3 and 4). However,

the infiltration values were highly dependent on the crop and

surface manipulations. In the maize plots, for exanple,

chiselling gave the highest infiltration data (Fig. 2) while

recorded from the mulched plots (Fig. 3).in soybeans it was
11 is interesting to note that the bare plots planted with
cowpeas had the highest infiltration (Fig. 4). Conpaction is
a conrnon phenomenon in mechanized farming. The present data
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reveal drastic reduction in cunulative infiltration over the
experimental period. Generally conpacted mulched soils have
less "transmission" pores (for gas and water movement) (Cannel 1,
1985; Lal, 1985) and hence low total porosity values (Table 12).
Thus infiltration values in conpacted soils are low. Similar results
were earlier reported from the same soil type (Kayarbo and Lal,
1983; Kayonix), 1986).

Chiselling and mulching inprove the soil structure substantially
(Canpbell et al., 1974; Barnes and Ellis, 1979). Chiselling loosens
the soil and hence enhances total porosity (Table 12), while mulch,
especial ly after decomposition, contributes to organic matter content
of the top soil and thus increases infiltration values (Larson and
Al Imaras, 1971). The present data, however, reveal that only in

did chiselling enhance, infiltration (Eig. 2).maize
udiile in soybeans it was mulch (Fig. 3). Similar hi曲 water infiltration
values under mulch as observed for soybeans have been a^tritured to the
presence of earthworm and root channels which provide pore continuity
for water movement (Douglas et al・,1980). The hi曲 infiltration
values recorded in maize at maturity when conpared with soybeans and
cowpeas could be ascribed to the large mass of root material on the
surface soi 1 (0 一 10 cm) vAiich created pores for water movement. The

too smal 1 to have a marked effect onthe legumes wasroot mass from
infiltration. The experimental site was fallow in the previous

hence dead roots could attribute to the high infiltrationseason
values obtained from the bare plots especially in the cowpea plots

(Fig. 4).
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4.2.4 Soil moisture
The different soil surface manipulation regimes did

not affect the moisture contents significantly at any
growth stage of the crops (Table 13). However, for any
crop, there was a general tendency for the moisture
content to decline at emergence for each of the surface
manipulations. Before emergence water loss mainlyoccurs
throu^i surface evaporation. But with seedling emergence
loss of water occurs throu^i evapotranspiration. The
differences in soil water content among the crops at
later stages of growth and development is thus a function
of the surface exposure to evapotranspiration. Planophi-

Hie canopy (e.g. of legumes) could be expected to have

more moisture content than erectophi 1 lie canopy regardless

of the surface management. Hence, within a particular

crop, the lack of difference in moisture content at a given

growth stage among the different surface management schemes

is a reflection of canopy cover (Table 13).

Effect of CaO9 and soil surface management on the growth and4.3 2
development of maize, soybeans and cowpeas

4.3.1 Seedling emergence
Data on seedling emergence of maize, soybeans and

cowpeas are depicted in Tables 14, 15 and 16. While only
surface manipulations influenced the rate of seedling
emergence in maize and cowpeas to any significant level
(P=0.05), soybean rate of seedling emergence was responsive
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to both oxygen supply and surface management (Table 14). In maize, the
rate of seedling emergence was highest in the bare plots at both levels
of oxygen supply. However, mulching alone and in combination with
chiselling and conpaction did not differ in their effect on maize seedling
emergence. It seems that the presence of mulch impeded the emergence
of maize seedlings (Rathore et al. , 1983) •

In the case of soybeans, rate of seedling emergence was significantly
(P=0.05) affected by both oxygen supply and surface manipulations
(Table 14). Except for the chisel - mulched plots, supply of oxygen
enhanced seedling emergence significantly ( P = 0.05). At any
oxygen 1 eve 1, mulching alone and in combination with surface conpaction
tended to depress the rate of seedling emergence (Table 14). It is
interesting that soybean seedling emergence was markedly high in the
bare and chisel - mulched plots. The two surface manipulations must have
been operating differently in influencing soybean seedling emergence.
The bare surface plots favoured seedling emergence because there was no
irrpedance to their extension into the surface (Plates 2 and 3). The
chisel - mulched plots,however, had more moisture content (Table 13)
and the soil was soft and well aerated compared to the ccnpacted or mulched
plots.

In cowpeas, the rate of seedling emergence was highest in the plots
with mulch alone or in combination with chiselling irrespective of
oxygen supply (Table 14). Adequate aeration, the softness of the soil
and possibly higher moisture content in the mulch - chiselled plots
could have favoured the fast rate of seedling emergence in cowpeas.



①
。UOJ ① JJIP A

U
Bom

usIS 

苕£

8
Z
O

SN

6
・0

6
0

8
・0

8・
z

0
・z

6
・0

8
0

W
3

。•
寸

9・
T

O
J
£

c\o0 

(geG
STt

o\o0 

(

o\og
)
G
S
7

§

c\oOT

§
0
2

U
B
 ①

JA
I

c\os

go

U
E

留

se

CDdM
O

O
SU

BoqA
O

S

①zi

贸

s
bD
.sIP*s EQdMOop§ uvoqf
b's

A
uaula

bDeuBE

①oD
JJns Ios puu 6

0
B
O
J
O
A
Q

C2J
M
:

寸 IoIq
coH

6
Z

-SE

jo ①ouasjotua jo 
(A

BP J
CDd s

》§Id) ①
％
 JoqAuo

66

AUSUsbD

—BU
U

E O
O

BJJns

s(I)

c\=>-d

(
蚩)aw

§
0
2

0
8
 

dpo

w

・

-To 

m
o

SN LL・
I 

)・
O

H
(go・

o)O
STgo・

o=dw
6・

z 

• 

SN W
9I

SB

oldM
O

O

O
N
S

、jo
j sonIBA 

— 
四 
§
q
e
H
U
2
0
q
A
 tuoj』 

(A
uatuom

BU
BU

Iooejjns) 
SA

O
Idqns 

(z 
(A

lddns uo
boAXO) s~O

Id Eau JO
H ~T 

uo=B£b> jo 4UOOCJ ① oo H 5
H 
s

w
o"go・

o)O
STgo・

o=dfz6・
9z 

SN 92
・I (ZIG

 

二
•§
旨
bnBum

u 8
csJns x Gog 

86・
ou(go・

o)O
STgo・

o&
w

g6 

典O
H

(go・
o)O

STgo・
o=df8z・

6z 

(R G
)

芭义8
智
专 82m

s 
gg・

on(go・
o)osdgo・

o=dflg・
 w 

sn 890・
0 

( 

z -I) 

03

S
U
B

olqAOcnl

qoIm
l

+ uo=O
E<ino3 

I・
I 2nlu + ZSIqo 

6
・0





68

influenced by soil surface manipulations, andwas
oxygen simply had no effect at all. Mulching delayed seedling

were
the seedlings from the mulched plots observed suggesting that thewere
mulch impeded seedling emergence. This extended the period taken to
attain ultimate emergence (Table 15). However, mulch in combination
with either chiselling or soil conpaction had shortened the period
for the seedlings to reach maximin emergence. In the chisel led plots,
for exairple, aeration might have enhanced seedling emergence and thus
shortened the period to maxiimm emergence. In the caipacted plots on
the other hand, high bulk density of the soil could have lowered the
rate of emergence (Table 14) and prolonged the period to maximan

1968; Stibbe and Terpstra, 1982).

was

and there was an oxygen
maximum

conpaction

emergence (Table 15) because of mechanical inpedance to seedling emergence, 
low moisture availability and poor aeration (Varade and Qiildyal,

mergence markedly (Table 15). This is in agreement with the
observations on the rate of maize seedling ernergenoe (Table 14). The 

rate of seedling emergence was highest in the bare plots while in the 
treatments containing mulch the rates were low. Buckling and kinking of

In maize, mean period (that is, nurber of days ) to maximum 
seedling emergence

The period to maximum seedling emergence in soybeans and cowpeas 
highly dependent upon oxygen supply and soil surface manipulations 

interaction between them. In soybeans, supply of 
delayed significantly (P = °.05) the time to maximum seedling onergenee 
in the bare and contacted treatments (Table 15 ). However, effect of 
mulching alone or in combination with chiselling was not influenced by 
oxygen supply. 8 the other hand, mulch in combination with soil 

significantly ( P = 0.05) reduced the period to maximan '
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This was

1983) to seedling emergence

were expected to prolong emergence.

In covvpeas, oxygen supply shortened the period to maximun emergence

the same trend that shown by the rate of seedling emergence (Tablesas

14 and 15). At any oxygen level, mulching alone and in combination with

chiselling prolonged period to maximun emergence significantly

(P = 0.05).

Soil surface manipulations alone significantly ( P = 0.05) influenced

percentage seedling establishment in maize in which bare soil produced

the highest percentage of seedlings finally established (Table 16).

This could probably be due to no or little inpedance from the mulch and

esta-

oxygen

reduce iripedance eaipaction

adequate aeration of the soil from earthworm and root activity from 

the previous fallow. Compaction in combination with mulch, on the 

other hand, significantly reduced the percentage seedling establishment, 

probably attributable to inpedance by the nmlch and soil hardness.

unexpected because the high bulk density (Table 11) and mechanical 

inpedance by the mulch (Rathore et al.,

seedling emergence when conpared with the other surface manipulations 

including leaving the soil surface bare (Table 15).

under mulch alone and prolonged that under conpact - mulched plots 

(Table 15). However, the period to maximan seedling emergence followed

In soybeans, the percentage of seedlings that attained ultimate 

blishment was significantly higher in the mil ch - conpacted soi 1 when 

was supplied than in the rest of the soil surface manipulations 

(Table 16), suggesting that oxygvn s^ply could probably be used to 

to seedling eaxisovl by imleh -
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treatments (Schunacher and Smicker, 1981).

In the case of cowpeas, however, soil surface management and

oxygen supply individually increased the percentage of seedlings

established (Table 16). Mulching in carbination with chiselling

resulted in a much higher percentage of seedlings than in any of the

bare, mulched or corpacted treatments. The inprovement in seedling

establishment achieved throng chiselling could be ascribed to better

water infiltration and storage and aeration (Canpbell 丝 al., 1974;
Doty et al ・，1975). It is also interesting to note that conpaction
did not affect the percentage of seedlings that attained ultimate
establishment in cowpeas as opposed to its effect in maize and
soybeans. It has been reported by Maurya and Lal (1979b) and
Baba lol a (1980) that cowpeas can tolerate soil conpaction because
their roots are able to penetrate soils of high strength and high

bulk density.

4.3.2 Plant height
Data on plant height for maize, soybeans and cowpeas at

different stages of growth are depicted in Tables 17, 18, 19 and
20, respectively. In general, plant height increased with time
and there was no indication of the growth reaching a plateau in

and 9 weeks after sowingfastest over the 7
the rate of growth in soybeans and cowpeas was rather gradual du-
rin^ the entire growth period (Tables 17, 18, 19 and 20). Oxyger
supply did not affect plant height in any crop at any surface
cnanagement system (Tables 17 > 18» 19 and 20).

any of the treatments. While the growth rate in maize was 
th__ 3 cth —d-s 八〜..J—
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At 4 week stage the height of maize plants greatly influencedwas
by surface manipulations (Table 17). Chiselling in combination with

mulching greatly enhanced plant hei曲t vdiile mulching in combination

with carpaction seemed to depress it. Mulching alone did not have any

effect on plant height.

At 5 week stage, maize plant height was influenced only by surfa-

manipulations with mulch alone and in combination with chisellingse

enhancing plant height. However, the increase in height significantwas

(P = 0.05) only vAien conpared to that in mulching in combination with

conpaction which was markedly depressed (Table 18; Plate 4). This sho­

wed that mulching alone or in combination with chiselling did
not affect maize plant height to any greater extent conpared to when
the surface was left bare.

At 7 and 9 weeks after sowing,neither oxygen supply nor surface
manipulation had any effect on plant height (Tables 19 and 20). The
differential response during these stages of maize growth appears to

to any explanation.be inconsistent and does not lend itself

The height of soybean plants was not affect by oxygen supply at
any of the growth stages (Tables 17, 18, 19 and 20).

and 5
week, only mulch in combinationweek (Tables 17 and 18). During the 4

with chiselling eiihanced plant height (Table 17) while at week 5, maize
signficantly ( P = 0.05) higher in the bare, mulchedplant height was

and mulched in corrfoination with chiselling than in the conpacted plots

(Table 18; Plate 5). At both stages of growth mulching and chiselling

However, surface 
th 一「thmanipulations influenced plant height only during the 4 

th
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Table 20 : Effect of Ca02 and soil surface management on maize
and soybean plant hei^it (an) at 9

MaizeCrop Soybeans

0% 10% 0% 10%CaO 2

52.0 52.5 52.3Bare 187.3 170.9 179.1
55.250.9 59.5182.5 205.3 193.9Mulch

53.052.9187.1 193.4 190.3 53.1
+

50.2 51.1 50.7151.8 167.2 159.5
54.0 NSNS 51.5177.2 184.2Mean

NSNSLSD (5%)
7CV, % (1) 8
8(2) 6

ms =
NS
LSD

F - values for :
Maize Soybeans
0.41 NS 0.75 NSCaO。 ( 1, 2)
2.50 NS 1.08 NS
0.75 NS 1.30 NS2

1) for main plots (oxygen supply)
2) for sub plots (surface managanent)

Surface 
management

Compaction 
mulch

Chisel + 
mulch

:weeks after sowing;
not significant at P = 0.05
:least significant difference 

CV = coefficient of variation

Mean LSD
(5%)

Mean LSD
(5%)

Surface management (3, 12)
Ca09x surface management ( 3, 12)
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Plate 4 : ivlaize plant showing plant size between niulched-

chiselled (lext) and mulched - ccqpacted (rigjit)

plots



Plate 5 : Soybean plant grovai on imlched - miselled (left)

and Emlchea - contacted (right) plots

9
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£1 al・,1974; Doty £t al_., 1975). However, in subsequent stages of
growth (7 and 9 WAS ) plant height did not respond to either oxygen
supply or surface manipulations (Table 19 and 20 ) implying that their
effects might have been diluted over time.

The height of cowpea plants was also not affected by the supply
of oxygen at any stage of growth (Tables 17, 18 and 19). But,

the 5 week (Table 18). During this stage, mulch alone and in combi­
nation with chiselling significantly(P = 0.05) enhanced the height
of cowpea plants. It that leaving the plots bare or mulchingseems

was harvested during the 9 week.

It is evident from this study that oxygen supply did not affect
plant height of the crops tested. This could be due to the fact that
oxygen usually affects early stages of growth (e.g. emergence) and that

on plant growth at the later stages (e.g. plantlittle change occurs
height,etc) (Anon., 1981). Ogunremi et al. (1981), reported inproved

emergence, number of leaves, pods and grain yield of soybeans and

cowpeas on a poorly drained soil. It could also be that the soil at

the site of the present study was wel 1 aerated because of root channels

from the previous fallow, and that the supply of oxygen under such

conditions wi 11 have no effect on crop growth (Wiersma and Mort land.

1953: Kolotovskiy, 1985). Surface manipulations, on the other hand,

invai'iably affected plaiit growth nearly at all growth stages, except

appeared to inprove water infiltration and storage, and aeration

版ich might have encouraged vigorous root and plant growth (Canpbe 11

in combination with conpaction inhibit cowpea growth. The mature crop
- 」】」・ j cth 】

surface manipulations had an effect on cowpea height only during 
th
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at 7 and 9 weeks after

it.

and

crops at their different stages of growth (Gupta and Abrol, 1970;

Raghavan et al., 1978; Maurya and Lal, 1979b). Contrary to this,

Stibbe and Terpstra (1982)reported a linear increase in plant

height with increasing soil strength probably because nutrients

not limiting(Brar et al., 1982; Nogueira et al.. 1933).were

4.3.3 Number of leaves
The nuiiber of leaves per plant for nsize, soybeans and

cowpeas at different stages of growth are presented in
Tables 21, 22, 23 and 24. In general, the nurber of leaves
per plant was influenced by surface management and oxygen
supply did not seem to have any effect. At 4 week
stage surface manipulations did not affect the nurber of
leaves per plant in maize. However, the nurber of maize

week after sowing to harvest (Tables 22, 23 andfrom the 5
24)・ At week 5, for example, mulch alone and in combination
with chiselling enhanced leaf production while compaction
or to some extent leaving the soil surface bare depressed 

leaf production (Table 22). Only mulch in combination with

leaves was significantly dependent upon surface manipulations 
th

sowing, with mulching alone or in carbination 

with chiselling enhancing plant hei^it, and compaction depressing

Mulching and chiselling appeared to have inproved water infiltra­

tion and storage, and aeration, while high bulk density (Table 12) 

lack of adequate aeration (Table 13) together in the mulch-carpacted 

plots could have contributed to the decline in growth of the three

chiselling enhanced maize leaf production to any significant 

(P = 0.05) level during the 7” week after sowing (Table 23).
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Table 24 : Effect of Ca02 and soil surface management on the
nint)er of leaves per plant of maize and soybeans
at 9 WAS

Crop Maize Soybeans
0% 0%CaO 10% 10%2

Bare 78.1 83.911.5 12.0 11.8 89.7
96.888.8 92.8Mulch 12.3 13.5 12.9

79.0 89.4 84.212.812.712.9
+

76.5 82.0 79.312.512.612.3
89.3 NSNS 80.612.712.3Mean

NS0.8
57

185

0.05

Maize Soybeans
0.318 NS 6.869 NSCa0o ( 1, 2)2
4.597;P=0.05;LSD(0.05)=0.8 0.866 NSSui'face management (3, 12)

0.050 NS

Surface 
management

Conpaction 
mulch

:weeks after sowing 
not significant at P 
:least significant difference

Chisel + 
mulch

LSD (5%)
CV, % (1)

(2)

Mean LSD
(5%)

Mean LSD
(5%)

WAS = 
NS =】 
LSD = 
CV = coefficient of variation

1) for main plots (oxygen supply)
2) for sub plots (surface management)

F-values for :

Ca09x surface management (3, 12) 1.376 NS
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on the number of leaves was also evident

leaves conpared to vdien the surfacemore
was left bare.

Soybeans and cowpeas responded to oxygen supply and soil surface
manipulations in the same manner (Tables 21, 22, 23 and 24)・ While
oxygen supply did not affect leaf production in either crop at any of

only during the 4 week after sowing. In both crops, mulch alone
and in coirbination with chiselling favoured leaf production While
compaction or to some extent bare surface seemed to depress leaf
production (Table 21). Chiselling increases soil aeration through
soil loosening &ile mulching conserves soil moisture. Hence the good
aeration and possibly more moisture content could have attributed to
the hi衣 leaf production under these treatments (Doty 丝 al. ,1975).
On the other hand, carpacting the soil or leaving it bare usually

results in increased soil strength and hence low moisture conservation

and poor aeration. High soil strength and low moisture conservation

and poor aeration in such a soil might have contributed to the low

number of leaves produced by these crops (Kayombo, 1986 ; Ogunremi

et al., 1986;b).

Soybeans and cowpeas, however differ in the trend at viiich
leaves are produced. In soybeans, the number of leaves per plant

and 23). However, after the 7 week, there is a rapid leaf production

during the 9 week after sowing (Table 24). At this stage, mulching 
alone or in combination with either chiselling or cornpact ion had 
significantly ( P = 0.05)

The effect of mulching 
nth

the growth stages, surface manipulations affected leaf production
- - ・ - .th - ・ • . •・ -.

increases gradually for the first 7 weeks after sowing (Tables 21, 22
--th - .. - ： ___ 一
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possibly reaching the maximun on week 9 after sowing (Table 24).
In cowpeas, on the other hand , most leaves are produced during
the first 5 weeks after sowing beyond which the rate declines
(Tables, 21, 22 and 23)・ This could be ascribed to the difference in
the phenology of the two crops. Ihe cowpea cultivar (TVx 3236)
takes about 75 to 80 days to mature as opposed to 110 to 120 days
in soybeans (TGx 536 - 02 D). As such maximum leaf production in
cowpea has to be attained before pod formation sets in, 5 weeks after
sowing. The difference in leaf production in the two crops may
also be attributed to the differential utilization of soi 1 and other

(e・g・ water, light,etc.) (Sheriff andenvironmental resources

Muchow, 1984).

4.3.4 Root growth

length (an), densityon
(mg cm ) and root weight (g per plant ). In maize, oxygen
supply tended to depress root growth (Table 25) with mean
root weight being depressed significantly (P = 0.05).
Hence maize root growth was mainly influenced by surface
manipulations (Table 25). Maize roots longest underwere
mulch in corr±)ination with chiselling and shortest in the

conpacted plots.

Data on root growth was based
-3 - 
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it is difficult to explain the depressive effect of oxygen on root

decrease is over 46% vAiile in the conpacted mulched soils it was

only about 20% (Table 25).

root growth is more evident in root

density (Table 25)・ The maize root density under mulch alone or in

combination with either chiselling or conpaction is more than three­

fold that obtained from the bare soil (Table 25). Low moisture

due to evaporation from the bare soil could account for thereserves

conpacted soi 1 could be ascribed to mechanical impedance in the

cm) due to mechanical inpedance on root growth to deeper layers.

Insufficient oxygen in the lower soil layers may also have reduced root

growth especially vihen the moisture content is high .

significantly depressed root weight. Supply of oxygen depressed 

maize root weight by about 33%. While the results of soil manipulations 

can be explained by bulk density, aeration and moisture content,

Root weight, was enhanced by mulch alone or in corrbination with 

chisel 1 ing (Table 25)・ Once again, conpaction and bare surface

poor root growth.、While the high root density in mulch alone or 

in combination with chiselling could be explained by the adequate 

water infiltration and storage, and aeration; that in the mulch -

growth. It becomes even more difficult vsiien decrease in weight varies 

with surface manipulations. For exanple, in the bare surface the

The effect of mulching, on

deeper layers which resulted in most roots growing in the surface 

layers of the soil..如?awal et al.(1975), Nogueira et al^. (1983), 

Agnew and Carrow (1985) and Bauder et al. (1985) have reported 

increased concentration of crop roots in the upper soil layers (0-10
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Data on root growth in soybeans are depicted in Table 26.

affected by both oxygen simply and soil surface manipulations.

Oxygen supply markedly enhanced soybean lateral root length

(Table 26) in the mulch conpacted soil. The suppl 1 y of

oxygen mi曲t have inproved aeration in the compacted soi 1.

Length of soybean tap root and root weight, on the other hand, were

significantly (P = 0.05) affected by surface manipulations in which

mulch in combination with chiselling produced the highest root

length and weight (Table 26). Inproved aeration, high moisture and

nutrient reserves from the mulch could have attributed to the good

root growth in these plots. It is interesting to note that growth of

tap root in the conpacted soil was carpletely inhibited at both

levels of oxygen supply, suggesting that the layer just beneath

the soi 1 surface might have provided high resistance to downward

(vertical) growth of the soybean tap roots (Barley and Greacen,

1967). Voorhees (1977) also recorded a total absence of soybean

roots in the 0 - 25 cm layer of a conpacted soi 1.

Data on root growth in cowpeas are presented in Table 27.

Root growth was significantly ( P = 0.05) influenced by both

oxygen supply and surface manipulations (Table 27)・ The length

of tap roots was significantly ( P = 0.05) enhanced by oxygen

supply under mulch alone and in combination with chiselling.

Lateral roots, however, did not respond to oxygen supply. In

the absence of external supply of oxygen, surf ace manipulations did

not have a marked effect on the length of tap root in cowpeas (Table 27).

Lateral root length and root density were significantly (P = 0.05)
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doubled v\iien conpared to those obtained from the contacted plots.

Root weight also influenced by both oxyge)•. supply and surfacewas
manipulations (Table 27). Supply of oxygen favoured mean root dry
matter production. Once again mulching in combination with chiselling
produced the largest root wei曲t. Bare surface and mulch in combi­
nation with conpaction significantly (P = 0.0b) depressed root
dry matter production. Root density was mainly influenced by surface
manipulations and their interactions with oxygen supply (Table 27).
Oxygen seemed to depress root density under mulch - chiselling plots
while the reverse was true when mulch was combined with conpaction.
These results surest that the poor response to oxygen in the mulch
chisel led soil can not be explained by inadequate aeration but probably
by a conplexity of other factors.

4.3.5 Grain yield •

4.3.5.1 Maize
Maize grain yield as influenced by oxygen supply

and soil surface management is. depicted in Table 28. •
Neither oxygen supply nor surface management influenced

of surface management was not influenced by oxygen

supplied (10% w/w), mulching alone and in 
combination with chiselling, the length of tap root was more or less

maize grain yield to any significant level. In general, 
supply"of oxygen tended to increase maize yield with
•…c哥」T、 f *

supply;hence the yields were conparable in both 0% 
and 10% oxygen sipply. However, vdien the surface was

a narrow margin (2.86 to 3.08 峋 ha ). Hie effect

However, 祯en oxygen was
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doubled vitien compared to those obtained from the compacted plots.
weight was also influenced by both oxygen supply and surfaceRoot

manipulations (Table 27). Supply of oxygen favoured mean root dry
matter production. Once again mulching in combination with chiselling

Bare surface and mulch in combi-produced the largest root weight.
nation with conpaction significantly (P = 0.01«) depressed root
dry matter production. Root density was mainly influenced by surface
manipulations and their interactions with oxygen supply (Table 27).
Oxygen seemed to depress root density under mulch - chiselling plots

true when mulch was combined with conpaction.while the reverse was
These results suggest that the poor response to oxygen in the mulch
chiselled soil can not be explained by inadequate aeration but probably
by a conplexity of other factors.

4.3.5 Grain yield •

4.3.5.1 Maize
Maize grain yield as influenced by oxygen supply

and soil surface management is- depicted in Table 28. •
Neither oxygen supply nor surface management influenced

of siu?face management was not influenced by oxygen
supply;hence the yields were cooparable in both 0%
and 10% oxygen supply. However, vflien the surface was

maize grain yield to any significant level. In general, 
supply*of oxygen tended to increase maize yield with
・…」T、 E 心

However, Mien oxygen was supplied (10% w/w), mulching alone and in 

combination with chiselling, the length of tap root was more or less

a narrow margin (2.86 to 3.08 峋 ha ). The effect
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left bare or

and mulched (3.19 and 3.23 吨 ha , respectively ).

That maize grain yield was not influenced by oxygen supply is
surprising. Grain yield is dependent upon the factorsnot

governing all the processes of plant growth r,i曲t from establishment.
Tn this case, oxygen supply had no effect seedling establishmenton
(Section 4.3.1), plant height (section 4.3,2), nuriber of leaves

per plant (section 4.3.3) and root growth, except root dry weight

(section 4.3.4). The lack of response to oxygei supply could be

ascribed to a number of factors. In this particular case, the

fallow during the previous season and theexperimental site was a

soil could have been well aerated. Such aeration might have been due

to channe 1 s from earthworms and roots of vegetation that existed on

the experimental site prior to establishment of the experiment (Lal,

in a well aerated1985). It has been reported that a crop like potato

soil will not respond to oxygen supply (Kolotovskiy, 1985). It would
appear that such crops would benefit from oxygen supply only in poorly
aerated soils (Ogunremi et al.,1981; Kolotovskiy, 1985).

Soil surface management, on the other hand, had marked effects
seedling emergence (section 4.3.1), plant height (section 4.3.2),on

number of leaves per plant (section 4.3.3) and root growth (section
4.3.4). However, maize grain yield was not affected by soil surface
management (Table 28). In all these parameters, mulching or in combi-
nation with chiselling favoured the growth of maize (Appendix 6 ).

contacted and mulched the yields were lower ( 2.81 
-1and 2.66 峋 ha , respectively) than when it was mulched or chiselled
  -1 、
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Althou^i the differences were not significant, grain yields obtained from
these surface management systems were relatively higher than those
obtained from bare and compacted soil surface (Table 28). This suggests
that the grain yield data followed the same general pattern as that
obtained from the vegetative grovrth phase of maize. Under IITA
conditions maize variety TZB - GUSAU yields between 3.0 and 5.0 Mg ha
(Anon., 1982, 1984)祠lich is carparable to the grain yield data under
mulch alone and in coni)ination with chiselling in the present
experiment. Similar results have also been reported by Lal (1974)
and Huxley (1979), under mulch conditions and by Doty et^ aJ. (1975)
and Doty and Reicosky (1978) under chiselling alone.
Several factors contribute to improved maize yields under
mulch conditions. Such factors include : favourable soil structure,
tenperature, greater water retention capacity, higher microbial
activity and higher organic matter content (Patterson, 1960; Nangju,
1979; Power et al., 1986). Inproved maize grain yields in the chiselled
plots could be attributed to such factors as reduced inpedance to
root growth, increased water infiltration and storage, which result
in more water and nutrient extraction from the deeper soil horizons
(Campbell et al・，1974).

Yield reductions from the bare soils could be attributed to excessive
evapotranspiration which could possibly be conpounded by excessive
surface soil tenperature (Doran et al・,1984 ). Conpaction, on the
other hand, could reduce maize grain yield throu^i high soil strength
(or bulk density). Generally high bulk density influences the crop

development including seedling emergence.at various stages of
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vegetative and root growth, and eventually yield (Taylor et al., 1986;

Varade and Ghildyal, 1968). In the present study, bulk density was highest in

the compacted soil and particularly at seedling emergency (Table 11).so

The present study has also shown that bulk density was negatively

correlated with several growth parameters (Appendices 7, 8 and 9).

Similar observations were made by Raghavan £t al. (1978); Canarache et al

(1984) and Kayombo and Lal (1986).

4.3.5.2 Soybeans
Data on soybean grain yield as influenced by oxygen supply

and soil surface management are depicted in Table 28. Similar
results as those obtained with maize (section 4.3.5.1) were
observed with soybeans, and that neither oxygen supply nor soil
surface management affected the yield of soybeans to any signi­
ficant 1 eve 1. However, there was a general tendency for the

slightly with supply of oxygen (1.72 to 1.89 临increase

not influenced by the 10% oxygen supply.were

However, supply of oxygen had some stimulating effect
only on seedling establishment (section 4.3.1) and root
density (section 4.3.4; Appendix 6). The lack of response of
soybeans to oxygen at the advanced stages of development
including grain yield could be indicative of adequate soil
aeration (Lal, 1985).

yield to i
ha-1). As in the case of maize, effects of soil surface management
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Soil surface management influenced soybean growth and development

so that after seedling establishment mulchii^ alone or in cont)ination

with chiselling enhanced plant height (section 4.3.1) and root

deve 1 opment (section 4.3.4). However> these advantages were not

(1.60 ha ) soils. As the crop grows, the canopy cover modifies

the effect of surface management treatment such that their initial

effects become masked. The effect of mulching in water conservation,

for exarrple, easily be masked by crop canopy so that its effectcan

will not be observed at maturity of the crop. Similar results have

been shown for soybeans (Kayombo, 1986).

4.3.5.3 Cowpeas

influenced by oxygenThe grain yield data for cowpeas as

presented in Table 28.supply and soi 1 surface management are

general pattern as those observedThe results follow the same

for maize and soybeans and that neither oxygen supply nor soil

surface manipulations influenced cowpea grain yield to any

marginal (0.13 Mg ha ) increase in grain yield. This is

consistent with the results of the vegetative growth data in

which oxygen supply had marked effect only on cowpea root

growth (section 4.3.4 ).

significant extent. The supply of 10% oxygen resulted in
-- —1、. • • i j rp,-—:—

(1.95 1V^ ha ) soils than in the mulched (1.65 临 ha ) and conpacted
・-1、 ・】 A —

translated to grain yields (Table 28). Conversely, grain yield was
................................................. ....... —— -1、 =-relatively higher in the bare (2.01 -临 ha ) and chiselled 

/ 1 nc __ i _ ___ 3 / i r r L
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The effect of surface management on the early vegetative

growth phase was significant only in seedling establishment

(section 4.3.1), early shoot growth (sections 4.3.2 and 4.3.3) and

root growth and development (section 4.3.4). However, these early

effects of soil surface manipulations were not reflected in the

As in thebare (1.21 Mg ha ) and conpacted (1.10 吨 ha ) soils.

of maize and soybeans, inproved cowpea grain yield in thecase

mulched and chiselled plots could be attributed to biological

activity and the loosening action of the soi 1 by the mulch and by

chiselling (Lal 1974; Doty and Reicosky, 1978). The marginal yield

difference between bare, mulched and chisel led plots appear to

enphasize the masking effect of the canopy at the later growth stages

of the cowpea crop (Kayombo, 1986).

grain yield of cowpeas. But grain yield was much higher in the
——................  - -1、 一 土一…八……一T................................................mulched (1.26 峋 ha ) and chiselled (1.24 Nig ha ) soils than in the

」 八牛m」T、 一 _________………_T
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5.0 SIIVPMRY AND (ENCWSICNS

Two field experiments were conducted at the International

Institute of Tropical Agriculture (IITA), Ibadan, Nigeria during

the 1985 The two experiments were located at two differentseason.

ecologies on the IITA farm i.e. on a lowland (for paddy - Oryza

sativa L.), Experiment 1 and on an upland (for Zea mays L.,

Glycine max L. and Vigna unguiculata Walp), Experiment 2.

5.1 Experiment 1

The lowland rice experiment was initiated with the objective

of evaluating the effects of tillage systems and residue management on

the establishment of rice, its growth and yield. The study also

examined the effect of oxygen supply on the amelioration of soils with

poor aeration conmonly met with in rice cultivation. The main findings

presented below:of these investigations are

1) Tillage alone did not influence early growth (section 4.1.1),

nunber of tillers per plant (section 4.1.2) and rice plant height

(section 4.1.3). However, tillage had a significant effect on grain

yield, in vAiich puddling resulted in higher yield than zero-tillage

system (section 4.1.4).

2) Among the residue managment systems, mulching reduced the rate of

seedling* emergence, mean period to ultimate emergence and ntniDer of

seedlings that attained ultimate establishment (section 4.1.1).
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mean

attained ultimate emergence (section 4.1.1). However, burning

reduced the nunber of tillers per plant (section 4.1.2) and plant

height (section 4.1.3); but it did not affect grain yield to any

significant level (section 4.1.4).

4) Supply of oxygen along did not seem to inpro're the performance of

rice under either puddling or zero-tillage system (sections 4.1.1,

4.1.2, 4.1.3 and 4.1.4).

5) The combination of tillage and residue management markedly de 1 ayed
the mean period to ultimate seedling emergence. Zero-tilled plots
with unburnt mulch suffered more delay than puddled plots with
unburnt mulch (section 4.1.1 ).

6) Oxygen supply enhanced mean period to ultimate seedling emergence

(section 4.1.1 ) and production of tillers at harvest (section

4.1.2 ) more when the residue was unburnt under zerto-tillage than

when burnt under the same system.-

5.2 Experiment 2

The objectives of the upland crops experimeni were to evaluate :

1) The effects of soil surface manipulations (management) on soil
properties, and the performance and yield of some selected
upland crops.

2) The effects of oxygen supply (Ca02)on emergence, growth and yield
of some upland crops under zero-tillage system.

3) Burning the residue increased the rate of seedling emergence, 
period to ultimate emergence and nuriber of seedlings that
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The findings of the investigations are presented below :

1) Supply of oxygen alone did not influence maize, soybean and cowpea

seedling emergence. However, oxygen supply enhanced percentage

seedling establishment in cowpeas (section 4.3.1 ).

2) Supply of oxygen alone enhanced root weight of cowpeas signifi­
cantly and suppressed that of maize (section 4.3.4).

3) Soi 1 surface manipulations alone significantly influenced soi 1

bulk density and total porosity at the emergence stage of the crops.

Mulching in combination with conpaction, for exanple, increased

soil bulk density (section 4.2.1) and reduced total porosity

(Section 4.2.2 ). Mulching in combination with compaction also

reduced water infiltration before sowing the crops and at harvest

(section 4.2.3) conpared to other surface manipulations.

the other hand had a marked influenceSoil surface manipulations4) on
seedling emergence of the three crops. Leaving the soi 1 bare,on

for instance, inproved the rate of seedling emergence and
percentage of seedling establishment in maize, while mulching
combined with chiselling inproved seedling emergence and establish­
ment in cowpeas. Mean period to ultimate emergence in maize and
cowpeas was markedly pro 1 onged when the soi 1 was mulched, but
it was shortened in maize when mulch was combined with either

corrpaction (section 4.3.1 )・chisel 1ing or
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in maize,

developmental stages (section 4.3.2 )・

6) Mulch alone and in combination with chiselling enhanced leaf

production in soybeans and cowpeas only during the early growth

phase (up to 4 weeks after sowing). In maize, however, the

same

period (from the 5 to the 9 week after sowing ). Mulch
in combination with conpaction on the other hand depressed
leaf production in the three crops at the same durations
(section 4.3.3 ).

7) Mulch in combination with chiselling influenced root growth

in the three crops differently. In maize and coiypeas root

favoured.

ccupacted and mulched soils.

With any soil surface manipulation, except mulch in combination8)
with chiselling, oxygen supply improved rate of seedling emergence
and percentage of seedling establishment in soybeans. However,

period to ultimate seedling

period to ultimate emergence in cowpeas 的en the surface was mulched

treatments enhanced leaf production later and for a prolonged
■… - -th . nth . 一i a— . 、 m 」

emergence

and mulched. On the other hand, oxygen supply shortened the mean

weight was enhanced, vAiile in soybeans and cowpeas root length was

In maize alone, root density was highest in the

5) Mulch combined with chiselling generally enhanced plant height 

soybean and cowpeas during the initial five weeks 

after sowing. Conversely, mulch in combinatio:i with conpaction 

invariably depressed plant hei^it of the three crops at all

oxygen supply delayed the mean

in soybeans vflien the surface was left bare or conpacted
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and prolonged it under mulch-compacted surface. Maize seedling
emergence and establishment were not influenced by oxygen
supply in any of the surface manipulations (section 4.3.1).

9) Soybeans lateral root length and root density were improved by
oxygen supply only when the surface was conpacted and mulched.
In cowpeas, however, oxygen supply enhanced tap root length
under mulch alone and in ccxrbination with chiselling. On the
other hand, cowpea root density was depressed by mulch -
chiselling combination (section 4.3.4).

10) Grain yields of maize, soybeans and cowpeas were not influenced
by oxygen supply alone or in combination with any of the
surface manipulations ( section 4.3.5).

5.3 Suggestions for future research

1) For conclusive inferences tillage and soil surface manipulation

Theexperiments need to be repeated for several seasons.
experiments reported here were carried out for only one

and the data collected during such a short time areseason

not adequate for firm conclusions.

2) Burning and/or removing crop residues and other plant materials

surface can iirprove growth of crops under bothfrom the soil
conventional and zero-tillage systems particularly on soils
with less erosion hazards. Since tropical soils are known
to have highly variable properties within short distances,
further studies are needed to evaluate the effects of burning
and/or removing plant residues on the various soil types and
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crops. The present studies were based only on one soi 1 type

(Alfisol) and only a few selected crops.

3) Various soil surface manipulations such as mulching, have been

employed to alleviate the setbacks of zero - tillage. More

work is therefore required on the type of mulch materials

and their methods of placements in various cropping systems

in the tropics.

4) Work on the use of oxygen to correct for oxygen deficiencies

particularly in the tropical oxygen - deficient soils is

limited. Currently only the peroxides of calcixxn, zinc,

oxygen supplyingbarium and hydrogen have been enployed as

agents in cropping systems. More work is thus required to
identify other oxygen supplying agents, their rates and methods
of application, and their effects on the soil properties and
growth of crop plants.
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APPENDIX 3
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APPENDIX 4

DEFINITIONS OF SEEDLING EMERiaNCE TERMS

Rate of seedling emergence :

The sun of the values of daily increase in seedling nurber divided

by the ntmber of days from sowing.

Mean period to ultimate seedling anergence :

The sum products of the daily increase in seedling nurber and the

number of days from sowing divided by ultimate anergence.

Ultimate seedling establishment :

Total number of seedlings established during the experiment.

Percentage seedling establishment :

Total ntrnber of seedlings established during the experiment expressed

percentage of expected total nurber of seedlings to establish.as a
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