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ABSTRACT

Laboratory and field studies were initiated on some
Southern Nigerian soils to provide a better understanding of
bush fallow system and to assess how the Alfisol and Ultisol
soils may be profitably cropped for two or more years.

Dry matter yields of secondary bush and forest-type
fallows were higher than those of the grass fallow. The
length of the fallow influenced dry matter yields but the
effect on amount produced was not dominant. Nutrient content
per gram of dry residue varied among the fallows as a result
of differences in vegetation, climate and age of the fallow.
Nutrient storage was least in a grass fallow.

The quantity of ash after burning was generally small,
ranging from 310 Kg/ha in the grass to 675 Kg/ha in the forest-
type fallow. Recovery of nutrients as ash was less than 41
percent of the amount in the pre-burn residue. In greenhouse
trials, only four times the estimated field amount of ash
significantly improved maize dry matter yields and K uptake
but not the uptake of other elements. The ash was inferior
to KH2P04 as a P source but it reduced P adsorption from
KH2P04 added to the Ultisol. Per cent Ca recovery by maize
was similar for both ash and hydrated lime but the ash had a
lower Ca content than the lime.

During burning, temperatures at the soil-litter inter-
face and at the 5 cm soil depth ranged from 60 to 570 C and

from 30 to 70 C, respectively. The duration of maximum
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temperatures at these zones was less than 15 minutes. Surface
samples of the Alfisol and Ultisol soils heated to 200 C in the
laboratory were not markedly affected. However, at 400-600 C,
their color changed to red hues, organic C was destroyed and
the proportion of sand-size particles increased. Maize growth
and nutrient uptake evaluated only on the Ultisol were reduced
at 200 and 600 C and the reduction at 200 C was statistically
significant.

Maize and cowpea yields in the first year on the Alfisol
did not differ significantly between mulching and burning. Yield
response by maize to any one of the added nutrients was not sig-
nificant. Cowpea to which no fertilizer was added, did not
respond significantly to residual fertilizer. In the second
year, maize yields declined slightly and yield difference between
residue methods was non-significant. The yield increase due to
P was significant.

Maize yields on the Ultisol in the first year did not
differ significantly between residue treatments but were one-
half and one-third of yields on the Alfisol with and without
fertilizer, respectively. Yield increase due to liming was not
significant. Cowpea yields and nutrient response were comparable
with those on the Alfisol. In the second year, maize yields
declined by 32 and 60 per cent of the first year's yields with
and without fertilizer, respectively. Yields under burning were
significantly higher than those under mulching.

Fallow burning temporarily increased soil PH, organic C,

available P and exchangeable basés of the two soils and decreased
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exchangeable Al estimated only on the Ultisol. As soil pH and
base contents of the soils declined with time, exchangeable Al
on the Ultisol increased. The decline in the soil properties
was similar between mulching and burning and by the end of the
second year, the levels of these properties were generally the
same for mulching and burning. The nutrient decline was less
pronounced on the Alfisol than on the Ultisol.

Fallowing on the short fallows studied had a beneficial
effect on yields and this could not be attributed to burning.
Mulching may be better than burning since it could minimize
erosion, conserve nutrients and eliminate any detrimental
effects of burning on soil properties and plant growth.

The Alfisol can support profitable and continuous grain
production with modest fertilizer inputs and good crop manage-
ment. The Ultisol appears capable of producing good maize and
cowpea crops in the first year at least. Reasonable maize
yields in a second year may be achieved with high nutrient
inputs. Maintenance of adequate levels of N and P in both
soils, and the reduction of exchangeable Al in the Ultisol may
be major limitations to profitable and continuous crop cul-

tivation.
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Chapter 1l: General Introduction

1.1 Shifting Cultivation, Forest and Bush Fallow
Management Systems in the Tropics.

Shifting cultivation or forest and bush fallow system
is still the dominant form of land management in many areas
of the low altitude tropics of Africa, Asia and South America.
Ruthenberg (1971), described the system as one where a few
years of cultivation alternates with several years of fallow.
Sanchez (1976), defined it as one in which temporary clearings
are cropped for fewer years than they are allowed to remain
in fallow. The term "fallow" denotes the time allowed for
the vegetation to regrow after cropping or describes the
vegetation itself. The two connotations are used in this
thesis as considered appropriate.

The practice of shifting cultivation is c;naﬁcted on
nearly 30 per cent of the World's exploitable soil resources.
It provides subsistence for over 250 million people or about
8 per cent of the World's population (Hauck, 1974). The land
under forest fallow is usually preferred for cultivation to
any secondary forest or bush fallows. Thus, the system leads
to a continual deforestation and a systematic elimination of
the forest effect on climate. To this end, Faulkner and

Mackie (1933) considered it a wasteful system.



The extensive literature on shifting cultivation covers
a range of information from geographical and anthropological
to cultural conditions (Conklin, 1963); economies and physical
environment (Forde, 1934) to conservation and development of
Africa's natural resources (Harroy, 1949; Worthington 1958).
Nye and Greenland (1960), and Jurion and Henry (1969) reviewed
the literature on shifting cultivation in South America.
Grigg (1974) traced its evolution in relation to other world
agricultural systems. The Ibadan seminar of FAO-SIDA on
shifting cultivation and soil conservation in Africa (1974)
and Sanchez (1976) have all attempted to bring together the
diverse information of this aged-old agricultural system.

The classical shifting cultivation in the humid
tropics in which the farmer moves from place to place 2as
farms are changed from year to year has given way to a range
of transitional systems. These systems depend on various
cropping intensities and periods of bush fallow. Various
factors such as population pressure and the development of
more sedentary culture have resulted in the replacement of
the classical practice by bush fallows and various cropping
systems with high cropping intensity but shorter periods of
fallows. Okigbo. (1974) in a survey of the present agricul-
tural system listed four transitional forms:
(a) long term bush fallows in the areas where the population

density is low;
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(b) short term bush fallows or planted fallows of shorter
duration of two to five or slightly more years;

(c) rudimentary sedentary cultivation of often not more than
two years of fallow and

(d) permanent or continuous cropping systems or compouﬁd
gardening in which farm and household refuse, and simple
crop rotations are the means of maintaining the fertility

of the soil.

In the tropics in general, the transitional systems
referred to above are remarkably similar from one area to the
other. The farmers clear small plots of land with the aid of
the machete and this is done during the dry season. The
slashed fallow vegetation residues are then allowed to dry
and are latter burned shortly before the onset of the rains.
There may be minor variation in the practice adopted due to
the differences in geographical environments and cultures.

For instance, in some areas of Africa, incompletely burned
residues can be reburned, but in the Pacific coasts of Colombia,
heavy rainfalls prevent burning. In the latter situation, the
residues are used as mulch. The geographical zone, food crops
adapted to the area and habits of the people determine the
specific crop or array of crops that may be planted. General-
ly, maize, rice, beans, yams and later cassava are the main
crops. These crops are usually multiple or inter-cropped for
one or two years before the land is abandoned to revegetate

(fFallow). The availability of ‘primary forest lands, the




population density and other land pressures determine the
time allowed for revegetation which could last from four to
twenty years. Most soll types are cropped with little regard
for the fertility status. The foregoing review is evidence

that the practice of shifting cultivation is fairly complex.




1.2 Forest and Bush Pallow System in Southern Nigeria.

In most of Southern Nilgeria, farm lands are rotated
on a vearly basis without a corresponding movement of home-
steads. The slashed parcels of land are allowed to dry
before the residues are burned late in February or in early
March. Incompletely burned materials could be reburned as
is done in the Sudan. In the tropical or derived savanna
vegetation in Southwestern Nigeria, shifting cultivation
consists of the removal of the grass and of the few shrubs
and trees present by cutting and burning. The top soil is
then piled up into mounds which vary in size depending on
crop type and hoe size. Similar steps are taken in the
rainforest areas where vams are planted on mounds and inter-
cropped with maize, beans etc. In the second short cycle of
cropping, the mounds give way to narrow ridges carrying maize,
beans, peanuts and millets. After these crops are harvested,
the land can then be abandoned to the regrowth of tall and
coarse grasses in the savanna or to a thicket - regrowth in
the rainforest. The cycle is repeated after a number of
years depending on the pressure on the land.

Generally, two methods of residue management are used
where shifting cultivation is practised. In the Pacific
coast of Colombia, the forest and bush fallow residues are
used as mulch whereas, in most of the other tropical zones,

including Southern Nigeria, the residues are burned.



There 1s a considerable controversy over the merits
and demerits of shilfting cultivation. The slashing of the
fallow and the subsequent use of fire to exploit the tropical
environment has been condemned by the FAO (1957) as wasteful
in terms of land and human resources. The FAO study cited
the system as a major cause of soil deterioration. Watters
(1971) cited later FAO and FAO-SIDA (1974) studies which were
less vehement in the condemnation of the system but maintained
that the system considerably degrades the vegetation. This
degradation causes a rapid decline in soil fertility and crop
yields. Brinkmann and Nascimento (1973) did not consider
residue burning a prudent practice but, believed that it is

the cheapest means of bringing a climax fcrest vegetation to

an immediate but temporary economic benefit.



1.3 The Problem

Shifting cultivation or bush fallow system is a stable
agricultural system when land is abundant and population
density is low. However, populations are increasing in most
of the tropics and in Southern Nigeria in particular. This has
resulted in the shortening of the time of fallowing or of re-
vegetation. As a consequence of the reduction in fallow time,
the quantity and quality of the fallow vegetation and residues
have diminished. The recovery of leached nutrients from the
lower soil depths - a process by which the top soil is enriched
- is not being effectively achieved. Therefore, the total
amount of nutrients held in the fallow vegetation and con-
sequently contained in the ash where the residues are burned,
has become insufficient for prolonged cropping. Thus, there
is an urgent need to replace or improve the present agricul-
tural system in order to meet the food needs of the areas con-
cerned. A good understanding of the present system is
germane to any replacement or improvement effort. Okigbo
(1974), suggested that any alternative system must be viable,
culturally acceptable, of less labor and permanently produc-
tive.

Within the framework of the above general problem, the
present investigation has two main objectives:

1. To study the present agricultural system by

(a) evaluating quantitatively and gqualitatively the primary




production in typical fallows in representative areas of
Southern Nigeria; nutrlent storage in the biomass and nutrient
recovery as ash.

(b) testing the effectiveness of ash as a source of nutrients
and lime to improve crop dry matter yields and mineral nutrition
in the greenhouse.

(c) assessing soil temperatures attained during burning in the
field and how heating affects soil properties and crop per-
formance in the greenhouse.

2. As intensive cultivation is becoming a common practice
and the fertility of the soils is declining, government and
other agencies are encouraging the use of fertilizers to boost
food production. This study by using field trials on Alfisol
and Ultisol soil types and by adopting a maize-cowpea-maize
based cropping sequence will assess the productivity of the
soils by
(a) comparing mulching with the traditional method of
burning of fallow residues:

(b) evaluating fertilizer nutrient responses on the Alfisol
and fertilizer and lime responses on the Ultisol soils;
(c) testing the effect of residue management methods and
fertilizer application on the chemical properties of the
two soils over a two-year period.

Information gathered from the component objectives
will help the long term effort of developing a management

system that will increase and sustain crop yields on a pro-



fitable and continuous basis.
Details of the foregoing objectives are given in the

appropriate sections of the thesis.
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1.4 The Physical Background and Soils of the Study Areas.

Southern Nigeria as referred to in this thesis embraces
the former western and eastern regilons of Nigeria. Western
Nigeria lies between longitudes 2° 45' and 6° 45' east and
latitudes 4° 43' and 9° 15' north. It covers approximately
11,700 square kilometres. It has an average annual rainfall
of 1100 - 1500 mm. There are about 8 - 9 months of wetness
which begins in mid-March and ends about mid November. The
mean annual maximum and minimum temperatures range between
30 -32 C and 18 - 24 C, respectively. The rainfall is re-
garded as the most important climatic factor affecting the
vegetation which varies from a savanna woodland in the northern
fringes to a tropical rainforest in the south (Keay, 1953).

The geology of the area is made up of three major
components:

(i) undifferentiated crystalline basement complex of igneous
and metamorphic rocks of precambrian age. Slightly more than
50 per cent of the area - mainly northern Savanna and central
forest zone is underlain by such rocks.

(ii) largely unconsolidated sandstones - sedimentary deposits
of mainly tertiary and to a lesser extent, quarternary ages.
These are located in the south.

(1ii) recent deltaic deposits also occurring in the coastal

regions in the extreme south, Keay (1953).
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Smyth and Montgomery (1962), Mcoormann, Lal and Juo
(1975) summarized the major soils of the area as:

a) Alfisols which are moderately to strongly leached,
well drained sandy loams to loamy sands derived from meta-
morphic and igneous basement complex rocks under savannah
vegetation in the northern portions.

b) Ultisols - moderately to strongly leached and
generally well drained upland scils, sandy loams to loamy sands
derived as for (a) under forest vegetation in the central zone
and also in the southern and southeastern areas.

Floyd (1969), Uzozie (1971) in Okigbo (1974), and
Obi and Tuley (1973) extensively reviewed the physical back-
ground of the eastern region. It lies between longitudes 5°
31" and 9° 30' east and latitudes 4° 15' and 7° 05' north.

It is rhomboidal in shape occupying approximately 76,334 sqg.
km. being bounded in the south by the Bight of Biafra, in

the north by boundaries of the present stateg of Kwara, Benue
and the northeastern states, in the east by the Cameroon
Republic and in the west by the lordly River Niger and its
tributaries.

It is a broad strip of country, most of which is less
than 122 metres above sea-level. In the coastal areas, there
are complex sandy lagoons, barrier beaches, creeks and swamps
and north of these, the terrain rises gradually through open
flat land broken in several places by ridges, valleys and

isolated hills. The mean annual rainfall exceeds 4000 mm in
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the extreme south and northeast and declines in a central-
northwesterly direction to below 1800 mm. The monthly
average temperatures range from a minimum of 21 C to a
maximum of 32 C. Annual temperature means are above 24 C
everywhere but rarely above 29 C.

The vegetation, which is related to the climate, has
been modified by human activities such as farming which
involves burning, grazing etc. Starting from the coast
inland, there are almost parallel vegetation zones of varying
widths which consist of:

i) mangrove forest and coastal vegetation of salt water swamp,
ii) lowland tropical rain forest or moist forest,
iii) oil palm belt and derived savannah or woodland/savannah
mosaic formed from moist forest vegetation as a result of
human activities and
iv) isolated areas of montane vegetation around the Obudu
Plateau.

Geomorphologically, there are two striking features:
1) a plateau of false bedded sandstone in the west varying
in elevation from 160 to 300 metres. This runs southwards from
the University town of Nsukka in the northeast and swings on
a hogback to Awgu and Okigwe from where it narrows easterly
to Arochuku. -

2) a highland area in the extreme west, extending from the
Oban Hilills east of the lower Cross River basin northwards to

the Obudu Plateau, which rises up to 1930 metres.
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In describlng the soils of the Southeasterrn part of
Nigeria, Jungerius (1964) cited the description of African
soils by D'Hoore, On this basis, Jungerius inferred that
these soils are a reflection of the effects of the climate,
vegetation and other organisms on the underlying parent rocks.
These rocks have themselves weathered to varying degrees
through time to produce:

(a) Oxisols, developed on the steep slopes of Nsukka-Okigwe
and Arochuku. escarpment;

(b) Inceptisols (young soils) derived from recently deposited
alluvial materials on the banks of the main rivers and in the
mangrove swamps of the coastal region;

(c) Alfisols derived from basalt in the upper Cross River
region;

(d) Ultisols developed from coastal sediments and

(e) Hydromorphic soils developed on sites prone to periodic
water-logging as in the Abakalikivarea.

By and large, the Alfisols and Ultisols are, respec-
tively, the major soils of the Southwestern and Southeastern
areas of Nigeria where the field experiments were located.
Detailed descriptions of these sites and of the soils can be

found in the Appendix.
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Chapter 2: The Role of Fallows in

Shifting Cultivation Areas.

2.1 Review of Literature

2.1.1 Fallow Biomass and Structural Components.

The validity of shifting cultivation as an agricultural
system derives from its dependence on forest and savannah
fallows as the principal repository of nutrients for crop
uptake. Such repository essentially involves nutrient accu-
mulation in the vegetation or biomass during the fallow period
and the cycling of these nutrients through the soil and back

to the vegetation. The presence of such a closed nutrient

cycle was recognized by Hardy (1936) in his studies in Trinidad.

Numerous studies have been directed towards quantifying
the total biomass of tropical forest fallows and therefore,
further elucidating the relations between the soil, fallow and
crop yields. Bartholomew et af. (1953) in their Zairean
studies, Greenland and Kowal (1960) in Ghana, Golley et al.
(1969) in Panama, and Ovington and Olson (1970) in Puerto Rico
as reported by Sanchez (1976) all indicated the constancy of
the main forest parts. They reported that about 75 percent of
the biomass consists of branches and trunks; 15-20 percent

roots; 4-6 percent leaves; and 1-2 percent litter. Other
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studies by Baxrtholomew et af, (1953) in Yangambi, Jaiyebo and
Moore (1964) in Nigeria, Snedaker (1970), and Teargas and
Popenoce (1971) in Guatemala have all attempted a quantitative
assessment of dry matter production of fallow plants, cul-
tivated crops and the amounts of nutrients accumulated by the
fallows. Sanchez (1976) estimated 200 - 400 tons/ha. of dry
matter in one such South American forest fallow.

The characteristics, dynamic processes and equilibrium
of the forest ecosystem of the humid tropics as well as those
changes and processes occurring during fallow when land is
uncultivated have been extensively reviewed by Nye and Green-
land (1960), Hawkins and Brunt (1965), Moss (1969), Grigg
(1974), Mouttapa (1974) and UNESCO (1975).

Okigbo (1977) suggested that the climax vegetation in
a tropical rainforest or bush fallow of more than 5 years
duration usually consists of a multistoried structure of
evergreens or mixtures of evergreens and deciduous trees and
shrubs, climbers and herbs. The intensity of growth, com-
plexity and height that may be attained are determined by the
number of years of development and extent to which man has
used it. In describing the structure of the rainforest
vegetation at Bamenda in West Cameroun, Hawkins and Brunt
(1965) found 5 strata with the highest layer, mainly of
scattered emergent trees 30 to 60m high; a second layer of
trees 20-30m high with 60% open canopy; a lower stratum of

shorter trees 10~20m high with a discontinuous canopy, below
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which there was a layer of shrubs and tall herbs 3~4m in height,
and finally the lowest layer consisting of herbs and seedlings
which were up to one metre in heilght. A forest of this kind

is a biologically stable ecosystem in dynamic equilibrium in
which growth is maintained in a closed cycle of nutrients.

Nye and Greenland (1960) found that there was a rapid re-
establishment of fallow after two to three years of traditional
cropping and stated that depending on the dominant plant spe-
cies, their rates of growth and development, the amount of

wood which accumulates in 4-9 years of fallow may exceed
90—2001n3/ha. The amount of dry wood added yearly may amount
up to 12000 kg/ha. Moss (1969) found that up to 20 species

of trees and shrubs and over 30 species of climbers and herbs
with different depths and patterns of rooting may occur in

such forests in humid tropical areas of West Africa. Holdridge
et af. (1971) reported similar data for tropical America and

Asia.

2.1.2 Fallow and Soil Nutrient Storage.

Nye and Greenland (1960) reviewed the literature on
nutrient storage in typical tropical fallows as well as those
stored in soils under such fallows. For the moist evergreen
forest areas, a 40 year mature secondary forest in Kade, Ghana
had a total N, P, K, Ca and Mg storage of 1831, 126, 819, 2526
and 346 kg/ha., respectively, for vegetational parts ranging

from trash to litter. 1In the Yangambi area, an 18-year
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secondary forest contalned a total of 359, 73, 405, and
501 kg/ha of N, P, K and Ca + Mg, respectively, while a

5 year secondary forest in the same area contained 391, 24,
344 and 293 kg/ha of N, P, K, Ca + Mg, respectively.

In moist semi~deciduous forest zones as in Kumasi Ghana,
a 20 year secondary forest contained in leaves, stem and litter
a total of 573, 39, 409, 523, and 213 kg/ha of N, P, K, Ca and
Mg respectively while a 6 year fallow in Benin, southern
Nigeria (predominantly Acioa barteri) tied up 311, 27, 174,

230 and 147 kg/ha of N, P, K, Ca and Mg, respectively. 1In
the dry forest and savanna 2zones, nutrients stored in the
fallow are considerably less as shown by data from southern
Rhodesia where total N, P, K, Ca averaged 22, 2, 30 and

14 kg/ha, respectively. Sanchez (1973) also traced the range
of N, P, K, Ca, Mg, S, Fe Zn, Mn and Cu in the total biomass
of mature forests in Zaire, Ghana, Panama and Puerto Rico.

The foregoing data from various locations show the
magnitude of nutrient storage in the fallow biomass of climax
or near climax vegetation. It is the magnitude of this nutrient
storage that gives the shifting cultivator the potential for
developing a successful farming system.

Nye and Greenland (1960) were skeptical of data based
on soil analysis designed to estimate the amount of nutrients
added to the soil from the fallow vegetation because only a
few of such investigations hawve taken cognizance of sampling

errors. However, they recognized that nutrient addition to the
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solil could be related to the forest fallow age even though
nutrient storage in an old forest takes place predominantly

in the woody part. Much of this however, is not readily
combustible and hence the magnitude of the addition to the

soil may not be directly proportional to the age of the forest
fallow. These authors as well as Sanchez (1976) have emphasized
that the intensity of burning of fallow vegetation is a major
variable in such estimations. For example, their study in
Ghana of a 40-year old forest showed that burning of the fallow
gave large increases of nutrient additions to the soil and these
agreed well with the amounts contained in the combustible parts
of the vegetation. Laudelout (1954) made similar observations
in the former Belgian Congo, as reported by Nye and Greenland
(1960), and found a fair agreement between estimates involving
soil analyses and fallow plant composition. Greenland and
Kowal (1960) working on West African Alfisols in equilibrium
with mature forest estimated the magnitude of nutrient storage
capacity and established that the top 30 cm layer of soil
contained 2.6 times as much total N as the biomass but about
the same levels of exchangeable Ca and Mg as the total plant
calcium and magnesium. The top soil contained as much as

75 percent of the K in the fallow biomass as exchangeable K

but only 9 percent of the biomass P as available P. Both the

P and base status of this soll are higher than those of the
Ultisols, Oxisols or some Inceptisols. Thus, the relationships

in the latter could be different. 1In conclusion, Nye and
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Greenland (l960) reviewing soill nutrient storage stated

that the soils of the evergreen forests contain within the
first 30 cm layer considerably less of all nutrients than

are stored in the mature forest fallow vegetation. Phos-
phorous may be an exception to this generalization. In the
moist deciduous forest type fallow vegetation, these authors
noted that the soil type may determine the soil nutrient
status. The levels of Ca and Mg in some soils of the moist
deciduous forest areas exceeded the levels found in the
secondary forest vegetation which was less than 20 years old.
These nutrient levels are also comparable with the amounts
stored in mature forest. The levels of K and P are comparable
with levels in younger secondary forest vegetation. Soils of
the rainforest areas which are considerably leached contain
less nutrients in the surface horizon than those of the moist
semi-deciduous forest. This is due in part to a lower level
of organic matter in the former.

There is a dynamic flow of energy and materials in and
out of the system under forest cover. These materials con-
sist of some of the nutrients required by plants for growth
and development. Two main processes are found in their
movement in and out of the system: (a) uptake from the soil
and atmosphere by vegetation and (b) removal from vegetation
and return to the soil as litter, rain wash, burning and
root excretion. Depending on the nature of the vegetation,

the soil and climate, and the number of years of growth, the
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actual amounts of nutrients involved in each process may be
conslderable. Nye and Greenland in their studies at Kade

in Ghana calculated the annual turn-over in nutrients on the
basis of percentage total capital stored in vegetation in a
40~-year old mixed secondary bush - N 11%; K 32%; C 12% and

Mg 18%. The general conclusions from these observations

were (i) that the subsoil contributes substantially to
nutrients absorbed by plant roots (ii) rain wash from leaves
makes a significant contribution of nutrients to the soil

(ii) accumulation of nutrients is highest during the first
five years following re-establishment of fallow and (iii) con-
siderable amounts of nutrients are held in the wood and are
released when the bush or forest trash is burnt. Okigbo (1974)
believes that a rapid mineralization of organic matter occurs
at the surface and at a temperature of 20-25 C under the
forest, humus formation is in equilibrium with mineralization
which releases nitrogen and other nutrients.

Gains in the nutrient cycle occur through rainfall,
ashes from burning, dust, sea deposition as well as nitrogen
fixation by micro-organisms. Losses occur through leaching
and erosion, runoff and volatilization of nitrogen and
organic sulfur through biological oxidation and burning
(Nye and Greenland 1960, Moss 1969), Nye and Greenland (1960)
postulated that during the fallow period, more nutrients are
accumulated in the standing vegetation than in the soil.

There is also evidence that in the forest fallow there is a
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net transfer of nutrients from subsoil as a result of deeper
root penetration, Soils under forest contailn more total
phosphorus and calcium in the surface horizon than in the
lower horizons and the amounts of exchangeable potassium,
calcium and magnesium in the soil during fallow are smaller
than the amounts in the aerial parts of the vegetation
(Mouttapa, 19274). Nye and Greenland (1960) also gquantified
the nutrients stored in the aerial cover of fallow vegetation
and in the soils from diverse locations.

In our prevailing traditional farming systems, fallows
are used for the maintenance of soil fertility. Practices
such as burning affect the amount of organic residues that
are returned to the soil from the aerial parts of the fallow
vegetation. Nutrients are carried in the aerial parts of the
vegetation and in soil organic matter, sometimes to an extent
greater than in the soil. The loss of nutrients as a result
of burning could also affect the productivity of the soil.

Land clearing is done by slash and burn technigques in
which forest cover may not be completely destroyed since
only shrubs, climbers and herbaceous plants are slashed
and burnt and large trees or economic trees are left standing.
These may continue the nutrient cycling as in the original
forest. Burning is said to destroy soil organic matter
predisposing it to loss by erosion but at the same time makes
nutrients more readily available to crops. However, the extent

of destruction of soil organic matter will depend on the
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intensity and time of burning. The more intense the burn and
the drier the material slashed, the more complete the destruc-
tion of soil organic matter and the greater the reduction of
residual effects of organic residues. Burning may be carried
out on residues left on the soil surface or buried in the

ground (Hawkins and Brunt, 1965).

2.1.3 Fallow Management - Buaning.

The rainforest climax vegetation normally has a well
developed and intense growth of fallow. Physical management
of the slashed material is difficult. Thus, the use of fire
is the means by which the enormous amounts of forest material
can be handled prior to cultivation. Nye and Greenland (1960)
indicated that all the nutrients in the fallow vegetation
except nitrogen and sulfur are preserved and returned to the
soil in the form of ash. Hence, ash incorporation into the
soil could be vital to the shifting cultivator. They summed
up the effects of burning as follows:

1) Considerable amounts of nutrient ions from the afore-
mentioned fallow vegetation as well as litter layer are spread
in the ash on the surface of the soil in the form of carbonates,
phosphates and silicates of the cations, although nearly all
the nitrogen and sulfur are lost in gaseous forms.

2) The immediate soil surface is heated and this exerts some
direct effect on the biological population, on the physical

and chemical properties of the soil colloids, and on the
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avallablility of nutrient ions.
3) The change in pH and nutrient availability may result in
a very different microflora from that originally present.

There 1s little in tropical literature concerning the
guantity and chemical composition of the ashes after a
tropical forest is burned. Seubert's data (1977) from a burnt
17-year o0ld secondary forest in an Ultisol of Yurimaguas showed
an average of 4 tons/ha of ash on a dry weight basis. The
true ash and partially burned or charred plant material added
approximately 70-14-45 kg of N, P205, and K20/ha, 240 kg/ha
of dolomitic lime and substantial amounts of micro-nutrients.
Boyle (1973) indicated that burning a 32-year old jack pine
forest on a sandy soil in Wisconsin gave ash that averaged
about 16 tons/ha of dry matter with a variability among samples
ranging from 5 to 54 tons/ha of ash. He calculated that the
ash added to the soil about 46 to 595 kg K/ha, 37 to 1128 kg
Ca/ha. Neither Boyle (1973), nor Seubert et af. (1977) gave
an indication of how much dry biomass yielded the estimated
quantities of ash. Their data underscore the tremendous
variability encountered in studies of this nature.

Nye and Greenland's data (1960, 1964) from the Alfisols
of Ghana were used by Sanchez, (1976) to produce calculations
which showed that ashes added 1.5 to 3 tons/ha of Ca, about
180 kg/ha of Mg, and 600~800 kg/ha of K. Similar calculations

were also made on Ultisols or Oxisols of Yangambi, Zaire and

Liberian soils, presumed to be Ultisols, (Nye and Greenland -1960).



-24-

Sanchez, (1976) reported making similar calculations on six
yellow latosols using the data of Brinkmann and Nascimento
(1973) from Manaus in Brazil, Calcium added ranged from 275
to over 600 kg/ha, magnesium 30-80 kg/ha and potassium

90-240 kg/ha. From these data, Sanchez (1976), contended that
the lower base status of the Oxisols and Ultisols results in a
lower base status of the ash as compared with the Alfisols.
However, he indicated that the intensity of the burn is also

a significant variable. The determination and comparison of
the intensity is not easy, hence the lack of information in
literature on this topic. Furthermore, Sanchez (1976) contended
that the burning process is less thorough in udic than ustic
moisture regimes due to the higher moisture content in the
cleared vegetation of the former regime during the period of
the burn. There is also evidence that not all the nitrogen

is lost during burning as was shown by Seubert et af. (1977)
in Yurimaguas. The ash included charred materials that con-

tained nitrogen.

b) Mulching:

The clearing and burning of fallow vegetation is
equivalent to the removal of vegetation which may affect
different components of the hydrologic cycle (Lal, 1975). 1In
his extensive review of the role of mulching in tropical soil
and water management, Lal (1975) indicated that mulching improves

both the physical and chemical properties of the soil. He found
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that the organic matter content, (an lmportant wvariable in
the malntenance of the fertility status of tropical soils)
and cation exchange capacity can be maintained at a high
level by mulching, In terms of the physical advantages, he
indicated that mulching can significantly control erosion by
absorbing the direct impact of rain on the soil. This minimizes
runoff losses since infiltration is maintained at its maximum
level. Mulching improves the soil moisture regime by decreasing
losses due to surface runoff and evaporation. By minimizing
the direct impact of raindrops, mulching causes a minimum of
crustation and helps to maintain the initial pore space
(Lal, 1974). Observations in IITA field trials indicate that
mulching influences earthworm activity by facilitating worm
casting. Lal (1974), suggested that the high earthworm
activity under mulch may account for the higher rate of
infiltration in mulched plots. The belief is that worm chan-
nels are beneficial in enhancing root penetration and nutrient
absorption from soils.

Studies by Lal (1973); Lal and Hahn (1973) suggested
that in a tropical environment, mulch can keep soil temperatures
more uniform and also decrease the amplitude of diurnal tem-

perature variations.
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2.2 Statements of Objectives
Under the prevailling traditional farming systems in

several areas of tropical Africa and Asia, the shifting
cultivator relies heavily on the nutrients stored in the
vegetation to provide him with an alternative to fertilization
and liming. Hence, the use of fire to hasten the release of
these nutrients as plant ash. This has been described as a
convenient and economic means of bringing the climax vegetation
to a temporary higher economic value, Brinkmann and Nascimento
(1973). A part of this study was therefore designed to assess
the quantitative and qualitative roles of the fallows in
selected areas of Southern Nigeria. The specific roles
investigated included
1. (a) the amounts of plant dry matter from the above-~ground
parts of the fallow biomass.

(b) the amounts of plant ashes that could result from the
burning of the fallow residues.

(c) the nutrient potential of the fallow vegetation and
ashes, and in particular, the liming value of the ash samples

especially on the Onne soil with a low pH.

2. Since burning in the field involves some element of

soil heating, an attempt was also made to monitor the magnitude
of the temperatures that are reached and so evaluate to what
extent the soil surface or the root zone may be affected by

heating,
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2.3 Materlals and Methods

2.3.1 The two field sites chosen were located at Ikenne and
Onne in Southwestern and Southeastern areas of Nigeria,

respectively.

Thenne Site: This location lies in the Institute of Agri-

cultural Research and Training Station about 80 kilometres
south of Ibadan. The fallow vegetation in this area was
dominated by Eupatorium Odoratum mixed with some shrubs and
trees. The fallow itself was judged to be more than six (6)
years old. It lies within the fringes of the savannah and
has an annual rainfall of 1500 mm. Local accounts indicated
that the site has been under bush but was slashed and uncropped
in 1972. Detailed information on the site is given in Appen-
dix I. The soil itself is a member of the Alagba series
described as an Oxic Paleustalf and is derived from sedimentary
materials in the rainforest zone of Southwestern Nigeria.

The physical and chemical characteristics of the soil

are shown on Table 2.1.

Onne Site: This is located in the high rainfall substation
of the International Institute of Tropical Agriculture (IITA),
about 450 kilometres southeast of Ibadan with an annual rain-
fall of about 2600 mm. Of the very abundant fallow species,

Anthonata macrophyfla and Alchornea cordifoldia are the most




TABLE SOME PHYSICAL AND CHEMICAL PROPERTTES OF IKENNE AND ONNE SOILS*

Physical Properties:

(1)
(ii)

(1idi)

Sand )

%

)
Silt )
)

Clay )

Chemical Properties:

(1)
(ii)

(iii)

Extractable cations (me/100 qg):

(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(%)
(xi)

*Data collected from IITA Soil Chemistry/Fertility Units

pPH (1:1 soil/water)

Organic carbon

Total N

Ca

Mg

X

Na

Mn
Exchangeable Al
Bray I-P (ppm)

CEC

Ikenne
72
15

13

6.10
1.56

0.16

5.40
2.90
0.25
0.16

0.16

6.00

9.04

Onne

67

15

18

4.30

1.04

0.10

0.26

0.09

0.07

0.14

0.02

1.60

26

2.86
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dominant. The vegetation was judged to be over six years
old and the detailed information of the site and the soil -
described as a Typic Paleudult is shown in Appendix I and

Table 2.1 respectively.

2.3.2 Fallow Plant and Soil Sampling Before Stashing and

Burning.

Both sites described in the foregoing section were
selected during late November of 1977. A third site was
chosen on the IITA site at Ibadan to represent a primary
forest situation although there was no common or dominant
fallow or forest species. Hence this fallow is described
as a primary mixed-type.

At Ikenne and Onne, metal squares [1xl m2] were used
to demarcate random sampling sites at which all fallow
vegetation was cut up, dried and weighed. At Ibadan, sample
sites of 20 x 20 m2 were subplotted into five units using
2x%2 m2 metal zones. All trash within these squares was cut
and treated as for Ikenne and Onne. An estimation was then
made of the fallow biomass production on a surface area basis.

Subsamples were taken for nutrient analysis.

Soil Sampling: The first set of soil samples was taken two

weeks before clearing and burning and another, one day after
burning at four random locations within the plots and at

depths of 0~7.5 cm, 7.5-15 and 15-30 cm, These locations
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were maintained throughout the project, Further samples were
taken at other periods but spaced out to embrace the entire

cropplng pexried.

Procedure for the Ash Sampling:

When the sites at Ikenne and Onne were chosen, the
labour for both slashing and burning was provided by the local
people most of whom were farmers. Traverses were cut through
the selected site in such a way as to demarcate four blocks
representing the replicates of the latter established field
trials. Four aluminium trays of 1xl m2 were placed in each
of these blocks where burning was scheduled. This was done
prior to the slashing so that samples of the litter could be
taken without contamination by that from the floor of the
fallow. The site was then slashed.

When the slashed vegetation had dried, 25 1lxl m2 plots
were selected at random, but within the four blocks (or
replicates). These 25 units were marked out with the aid of
a metal square. The specific field plots of 6 x5 square
metres were then burned on an individual basis by these
fafmers and in the same way they would have done on their
own fields. When sufficient time had been allowed for the
soil surface to cool, the powdery solid residue left after
the combustible plant parts had been burned was carefully
scooped off the soil surface with spatulas and from within

the 1x1 m2 plots described above. Care was taken to avoid



-31~-

mixing this residue -~ash *~ with soll, The unburned debris was
also separated. Each 1xl m2 sample was bagged, later sieved
with a 2 mm sieve and weighed. The samples from the four
aluminium trays were bagged separately and reserved for
analysis in order to compare with those collected from within
the 1x1 m2 units. Later, the 25 subsamples were bulked on a
block basis to provide four main ash samples from which sub-
samples were taken for chemical analysis.

The sample procedure was used at the Ibadan sites except that the
sampling area was increased to 4 sq. metres instead of the 1x1 n? at Ikenne and
Onne.

2.3.2.1 Soil, PlLant and Ash Analysis.
The soil samples were analyzed for:
(i) pPH in water (1:1 soil:water) using a Beckmann Zero-
matic pH metre.
(ii) Available P by the Bray No. I Method.
(iii) Exchangeable Al and Total Acidity by the Titration
method after extraction with IN KCl.
(iv) Exchangeable cations extracted with IN NH4OAC.
(v) Organic carbon by Walkley and Black methcd, Plant and
ash‘samples were analyzed for
i) N by the Kjeldahl's steam distillation method.
ii) Ca, Mg, K, P, Fe, Mn and Zn after digestion with HNO3 -
HCLO4 acid. Ca, Mg, Fe, Mn and Zn were determined on the

Atomic Absorption Spectrophotometer [Perkin Elmer model 403].

P was estimated colorimetrically using Bausch and Lomb
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Spectrophometer while K was determined by flame photometry.
Details are shown In "Selected Methods for Soil and Plant

Analysis. IITA Ser. I ed. A.S.R. Juo 1978,

2.3.2.2  Sodl Temperatures durning Fallow Burning

The temperatures reached in the field during the
burning of the fallow vegetation were monitored at one selected
location in Onne (one of the two field sites). The standing
vegetation within an area of 20 x20 sg. metres was slashed
and allowed to dry. During this drying interval, five (5)
trenches were dug on this site. These were connected by
tunnels wide enough to facilitate movement from one trench to
the other. Each trench served as a point of monitoring of
temperatures of burning on a 5x5 sg. metre zone located
within the large block (of 20 x20 sqg. metres). Thus, there
were five sites staggered within this area and in such a way
that the fire in one location could be prevented from spreading
over the entire zone. The Omega portable pyrometer, model 8020,
equipped with a general purpose and an extension handle was
used to monitor the range of temperatures on the litter surface
andvtop soil. Actual temperatures at 5 cm soil depth at each
of the five sites were monitored with the aid of a temprobe
temperature test kit having a range of 50~427 C, The means of
the temperature reached in all locations and points were then
plotted against the average time during which these were

reached,
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2.3.2,3 Deteamdination o4 Lhe Lime Equivalence o¢f Ash.

After grinding the ash samples collected from Ikenne
and Onne to pass through a 60 mesh sieve, triplicate 1.0 gm
samples were boiled with HCl following the method of Jackson
(1958), The neutralizing or lime equivalence was then cal-

culated after back titrating with NaOH.

2.3.3 Greenhouse Expendiments on the Nutrient and Lime
efpects of Ash.

Three greenhouse experiments were conducted to assess
the effect of plant ash (collected from Ikenne and Onne) on
the production of maize dry matter on the surface soil samples
(0-15 cm) collected in these locations. Firstly, using the
estimated field amounts, the effect of the ash on the dry
matter production of maize was evaluated on the two soil types.
On the Onne soil in particular, the effect of the ash as a
source of lime was compared with that of hydrated lime.

The maize variety T2ZPB which was the test crop was
planted at the rate of 10 seeds/pot and thinned to 5 plants/pot
four days after germination. The pots were watered twice daily
to field capacity. The nutrients were added at the rate of
100 ppm of N and P; 50 ppm of K; 15 ppm of Mg and 2-5 ppm of
Zn, These were mixed in the appropriate combinations with the
soil before adding the ash. The plants were grown for four
weeks,

At harvest, the dry matter yields, nutrient concentration
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and total uptake were estimated,

Separate details of each experiment are given below:

Tadal 1: The soil used was the Ikenne sample. The
main treatments were (a) No Ash; (b) Ash (based on the field
quantity calculated on the field (= 430 kg/ha). The sub-
treatments consisted of control, PK; NK; NP; NPK and NPK MgZn.

Experimental design was a split-plot with four replications.

Thial 11: The soil sample was the acid soil from Onne.
The main treatments were (a) No Ash; (b) Ash (equivalent to

563 kg/ha - field quantity) and (c) lime (Ca MXHZ-ZH Q). The

2
lime was added using the amount equivalent to the ash on the
basis of its Lime equivalence value (101%, that is 563 kg/ha
ash = 568 kg/ha CaCO3 = 412 kg/ha hydrated lime). Sub-
treatments of Control; PK; NK; NP; NPK; NPKMg; NPKZn and

NPKMgZn were evaluated in a split-plot design of three replica-

tions.

Thial TI171: In this trial, the lime effects of several
guantities of the Onne ash placed on the soil surface or mixed
with the Onne soil were compared with various levels of hydra-
ted lime (Ca(OH),- 2H,0) which were mixed with the soil. The
treatments consisted of:

(1) 563 kg/ha of ash broadcast on the soil surface

(11) 563 kg/ha of ash mixed with the soil
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(1ii) 1126 kg/ha of ash broadcast on the soil surface
(iv) 1126 kg/ha of ash mixed with the soil
(v) 2252 kg/ha of ash mixed with the soil
(vi) 250 kg/ha of limemixed with the soil
(vii) 500 kg/ha of limemixed with the soil
(viii) 1000 kg/ha of limemixed with the soil
(ix) 2000 kg/ha of limemixed with the soil
The experimental design was a randomized complete block of four
replications. A blanket application of nutrients was added at

the rates stated earlier in order to maintain good growth.

2.3.4 Effects of Ash on the P Contents of Equilibrium Solution.
The soil solution is the immediate source of P for plants
although there is very little P in this solution throughout the
growth period. During the growing season, the soil solution
P has to be frequently replenished. Dissolution or desorption
from the inofganic solid-phase; mineralization of the organic
solid phase and addition of fertilizers are some of the pro-
cesses by which the soil solution P can be replenished (Robert-
son, 1980).
In the prevailing traditional farming system in Southern
Nigeria, such replenishmgnt can also occur through the process

and e IEBYRRIE
of burning and the resultin {addition of plant ash to the soil.

The P released into the soil solution reacts immediately with
the inorganic fraction of the soil, Wild (1950) as cited by

Soper and Racz (1980) suggested‘that the inorganic P portion
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may be crystalline caompounds of P derived from the parent
material or formed as fertilizer reaction products and varying
amounts of P absorbed on discrete compounds of Al, Fe and
hydrous oxides in acid soils.

The ash from burning contains inorganic P which may be
soluble when added to soils. In low pH soils (as is the case
in Southern Nigeria) precipitation of relatively insoluble
salts, absorption on the particles of soil and occlusion can
reduce the solubility of the ash-P. This will prevent P
availability to plants and also reduce the solution P con-
centration. Hence, the study of the direct and indirect effects
of addition of ash or the P in equilibrium solution could pro-
vide useful information regarding this element which appears
to be one of the major limiting nutrients for crop production
in the study areas.

To achieve the above objective, a laboratory study
evaluated the effect of multiples of the field quantity of
ash from Onne - 5X, 10X, 20X and 40X - on the amount of P in
equilibrium solution. These amounts of ash were first
equilibrated with 500 gm of Onne surface sample for six weeks
in the laboratory at field capacity. At the end of this
period, 3.0 gm duplicate samples of the mixture were again
re-equilibrated for six days with 12,5, 25, 50, 100 and 200ppm
P at each level of the added ash. The P added was obtained
from a solution of KH,PO,. The suspension electrolyte was

0.01M CaCl2 in a total wolume of 30 ml (1:10 soil :0.01M CaClz).
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Three drops - of toluene were added to suppress microbial
activity. The suspensions were shaken for one hour twice
daily. At the end of the sixth day, the P in solution was
determined following the method of Fox and Kamprath (1970).
Thus, the direct efifect of the addition of ash on solution P
and the indirect effects of ash on P in phosphated soil’were

evaluated.
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2.4 Results and Discussion

2.4,1 The Biomass Paimary Production of Selected Fallows.

The two fallow sites at Ibadan and that at Ikenne in
southwestern Nigeria were located within the same rainfall
zone. The Onne fallow in southeastern Nigeria was located in
the high rainfall forest belt. The forest fallow at Ibadan
and the secondary bush at Ikenne were on Alfisol soil types;
the grass fallow was on a sandy Inceptisol while the Onne was
on a highly leached acid Ultisol. The Ibadan fallows had not
been cultivated for nearly sixteen years and so were much
older than the six year old bush regrowths at Ikenne and Onne.
The selected fallows were representative of the vegetation
types in the area and varied from secondary bush at TIkenne
and Onne to grass and forest types at Ibadan.

The dry matter production at the Ibadan forest site
was almost twice as much as that at the grass site (Table 2.2).
The two Ibadan fallows were comparable in respect of time of
vegetational growth but differed as a result of the type of
vegetation and the fertility of the soil types. The higher
dry matter yields at Ibadan forest were therefore associated
with the effect of vegetation and soil which is relatively
more fertile than that supporting the grass fallow.

The dry matter yields at the Ibadan sites were higher
than that at the Ikenne bush fallow site although all three

were in the same rainfall zone.. Since both fallows at Ibadan
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BLE 2.2 FALL(GYT DRY MATTER YT ; AMOUNTS OF ASH AND THETIR MINERAL COMPOSITION.

Estimated Chemical Corposition

te Material Dry matter N P K Ca Mg Zn Mn Fe
.............. kg a o Bl . . % T —— —— pm ——
Ikenne a) Preburn Fallow 5,610 1.90 0.11 0.89 0.87 0.52 25 143 128

(6 years fallow) Vegetation (PFV)

b) Ash (after burning) 430 0.69 0.29 1.78 3.53 1.93 456 1240 7800

~ Onne a) PFV 10,088 2.14 0.30 2.18 1.40 0.69 35 859 209

= (6 years fallow)

b) Ash 563 0.91 0.04 3.53 5.94 1.65 470 2500 6700
Ibadan Forest a) PFV 45,511 1.27 0.07 0.75 1.46 0.37 78 525 *
(over 15 vears
fallow)

b) Ash 675 0.30 0.95 13.50 17.10 2.65 362 2391 5109
Ibadan Grass a) PFV 19,888 0.49 0.04 0.56 0.45 0.20 24 150 *
(over 15 years
fallow)

b) Ash 310 0.36 0.61 10.30 0.90 3.20 33 1875 4125

~at determined.
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were aolder than the Ikenne fallow, time was the major factor
that influenced the ylelds, The forest fallow produced nearly
elght times more dry matter than the Ikenne bush on a similar
soil type. In this regard, time and the nature of the
vegetation at Ibadan forest were major influences which deter-
mined the yields. The grass fallow compared with the Ikenne
bush produced four times more dry matter although the soil
supporting the former fallow was less fertile. For these two
fallows, time was more significant than either the soil or the
type of vegetation in determining production.

The Onne fallow produced twice as much dry matter as
the Ikenne fallow but both were comparable with respect to
time. However, they were different in terms of the rainfall,
soil and type of vegetation. The Onne site had a higher
rainfall (2000 mm/year) compared with the Ikenne, but the Onne
soil was less fertile than the Ikenne-Alfisol. Therefore, it
seemed that the effect of rainfall and vegetation overshadowed
that of the soil. Hence, where the time of vegetational growth
was similar, other factors such as the rainfall and vegetation
were more significant than the soil in determining dry matter
production. These observations confirmed the suggestion by
Nye and Greenland (1960) that the luxuriant vegetation in high
rainfall areas of the tropics could be a reflection of the
efficiency of nutrient recovery by the roots of fallow plants
rather than of a rich supporting soil.

The forest and grass fallows at Ibadan produced nearly
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four and half times, and two times moredry matter respectively
than the Onne bush, These dlfferences were probably due to

the effect of time, soils and vegetation, The three factors
could have accounted for higher yields at Ibadan forest. Only
the effect of time and soils would have caused higher yields

at the grass site than at Onne, since the grass is usually
regarded as a poor fallow species (Sanchez, 1976) compared

with the dominant hardy Anthonata macrophyffa at Onne. Although
the effect of time seemed dominant in influencing the biomass
primary production, this was not always true. Generally, the
effects of the factors named in this discussion were confounded.
No one single factor appeared to provide an over-riding influence
on the dry matter production. However, when the fallows were
grouped in terms of the length of growth of the vegetation,

time favoured higher dry matter production for Ibadan sites
versus Onne/Ikenne. The latter two fallows are the short,
typical and more regularly cultivated types in Southern Nigeria.

The primary production in these two cases was low.

2.4.2 Nutrndient Storage Ain the Fallow.

The storage of nutrient elements in the preburn
fallow vegetation followed the pattern of the biomass yields
(Table 2.3). There was, however, no direct dependence of the
storage on the yields. The factors which affected the biomass
yvields may to some extent, influence the nutrient storage. The

differences in the amounts of nutrients stored among the-fallows
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ABLE 2.3 NUTRIENT CONTRIBUTION FRCM PRE-BURN FALLOW VEGETATION (PFV) AND
ASH FROM SELECTED SITES IN SOUTHERN NIGERTA,

Vite Material

CaCo Nutrient Contribution (And % Recovery in Ash)*
Bquivalent N P K Ca Mg  Zn Mn  Fe
(% kg/ha

 ) Ikenne i) PFV - 107 6 50 49 29 0.14 0.08 0.72
ii) Ash 76 3(3) 1(17)8(16) 15(31) 8(28) 0.1%9 0.53 3.40

‘) Onne i) PFV - 216 30 220 141 70 0.35 8.70 2.10
ii) Ash 101 5(2) 6(20) 20(9) 33(23) 9(13) 0.26 1.41 3.80

+ Ibadan Forest i) PFV - 458 26 270 526 134 3 19 K
ii) Ash w*. 2(0.4) 6(23) 91(34)115(22)18(13)0.24 1.60 3.50

Ibadan Grass i) PFV - 84 7 95 77 34 0.40 2.60  **
ii) Ash wk 1 (1) 2(29) 32(34) 31(40) 10(29) 0.10 0.60 1.30

" Filgures enclosed in brackets represent per cent recovery of the specific elements

in the ash.

' not determined.,
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were due to the variability of the nutrient concentrations
in these fallow vegetatlons.

The major elements N, P, X, Ca and Mg stored in the

biomass ranged from 84~458; 6-30; 50-270; 49~526 and 29-134
kg/ha of each element, respectively. Phosphorus was the lowest.
The forest fallow with the highest biomass yields also had the
highest amount of each nutrient stored except P. 1In this case,
there appeared to be some direct relationship between the
biomass yields and nutrient storage. However, the grass fallow
at the same site as the forest which had the second highest
biomass was the third in terms of nutrient storage. Hence, no
generalization can be made about the relationship between dry
matter yields of the biomass and nutrient storage. It is
probable that the quality of the plant species and the fer-
tility status of the forest soil favoured a higher nutrient
storage than was obtained at the grass site.

The Ikenne bush fallow had the least biomass yields and
also the lowest levels of stored nutrients except for N where
it ranked third. Since the rainfall here was the same as at
the Ibadan sites, and the soil was similar to that of the
forest, the nutrient storage at the Ikenne site may have been
limited by the shortness of the fallowing time. Time also may
have subsequently affected the biomass yields. Although the
Tkenne soil was richer and more fertile than the grass fallow
soil, and the plant species relatively better than the grass,

vet the grass had a higher amount of stored nutrient probably
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also due to the effect of time.

The Onne bush fallow had the second highest levels of
stored nutrients next to the forest. The P storage was higher
than at the forest site. Since Onne was the third highest in
biomass yields, again there was no relationship between yields
and nutrient storage. The effect of the higher rainfall at
Onne than at Ibadan grass or Ikenne bush could have favoured
a higher nutrient storage at Onne. The type of fallow plant
species and the efficiency of nutrient recovery by their roots
as suggested earlier may be additional reasons for the higher
storage of nutrients at Onne despite the poor fertility status
of the supporting soil.

Since the Ikenne and Onne sites are the more typically
cultivated fallows, the results indicate that the nutrient
storage in the biomass is relatively low compared with the
older and more developed forest site. Time is thus a major
factor influencing nutrient storage when the typical fallows
were compared with the forest fallow. 1In spite of the amounts
of nutrients stored in the Onne fallow, high rainfall in the
area has been shown to be a major contributory factor to
nutrient leaching losses from decomposing residues. Therefore,
the nutrient storage in the fallows while being reasonable
as a source of nutrients can be predisposed to leaching loss

which may limit its effectiveness.

It is concluded from the foregoing results that nutrient

storage like the biomass yields may be influenced by factors
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such as vegetation, rainfall and time, but none of these
factors was domlnant. The extent of nutrient storage is
dependent on any or a combination of these. The short fallows
at Ikenne and Onne had low nutrient storage indicating that
time was a strong factor influencing the magnitude of biomass

yields and of nutrient storage.

2.4.3 Amounts of Ash and Nutrdient Recoveny.

The quantities of ash occurring after burning of the
fallow vegetations were low and independent of the biomass
yields except at the forest site in Ibadan.(Table 2.2).
Although the two fallows at Ibadan forest and Onne bush
produced the higher amounts of ash as well as higher amounts
of stored nutrients, there was no direct relationship between
the amount of ash and the nutrient storage. These differences
and variabilities may have been determined by the type of
vegetation and the degree of burning at the sites. The small
amounts of ash were partly a reflection of incomplete burning
but this generalization was not always true. For example,
for the two short fallows, the proportion of ash to the biomass
yields (8 per.cent) is in agreement with data reported by Nyle
(1974) where complete burning had occurred. Therefore, for
these short fallows, burning was as thorough as could be
expected. The lower proportion (2 per cent) at the Ibadan
sites may be an indication of incomplete burning or the nature

of the material burned. Other factors such as rainfall, time
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etc, could also affect the resulting amounts of ash.

The nutrient recovery in the ash was generally small
(Table 2.3). Burning caused the loss of virtually all of the
N contained in the preburn fallow residues, The proportion
of the nutrients in the biomass recovered in the ash was in
all cases less than 50 per cent on the average. The nutrient
recovery in the Ibadan forest ash was the highest except for
N. The recovery in the grass was variable but higher than
at the Ikenne site except for the N and P which were higher
at Ikenne than at the Ibadan grass site. The Ikenne ash was
the poorest in terms of the overall nutrient recovery. The
Onne ash-nutrient recovery was higher than that of the Ibadan
grass ash except for K and Mg which were higher in the ash at
the latter site. The N recovery in the Onne ash was the
highest but its P content was comparable to that contained
in the forest ash. These variations are not easy to explain
since the factors influencing the parameters are confounded.

Burning of the fallow residues is useful since it helps
to reduce the amount of fallow litter and provide a clean
seedbed. The nutrient potential of the ash resulting from
the burning is small as indicated by the above results. The
practice of burning may thus not be justified since the ash-
nutrients could not be expected to significantly alter the
fertility status of the fallow solls. However, the large
amounts of unburned residues, undecomposed litter on the

fallow floor and the Intact roots of the fallow species are
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probably larger sources of nutrients to the soil, Over 70

per cent of the nutrient storage in the biomass is still
unaccounted for. Therefore, these sources could considerably
augment the effect of the ash and so enhance the soil fertility

status.

2.4.4 Temperatures of Littern and Soil during Fallow Burning.

As indicated earlier, temperatures reached during bush
fallow burning were monitored only at the Onne site. Measure-
ments were made at the litter-soil interface and at the 5 cm
soil depth. The observed trends (Fig. 2.1) showed that a
mean temperature peak of 570 C was attained on the litter-soil
interface within the first 10 minutes of burning. In practice,
the temperatures were monitored at several spots and ranged
from 180 to 840 C. In all cases when a peak temperature was
reached, this was followed by a rapid decline. The fluctua-
tions observed in the range of temperatures appeared to have
been determined by the amount, type and spread of the fallow
litter. Where there was a dense spread of litter, the
temperature was high and prolonged. Where the material was
thinly spread,  the burning was brief.

The temperatures reached at the 5 cm soil depth were
less variable in comparison with those on the litter-soil
interface. They ranged from 28 to 82 C. The peak mean of
70 C was attalned within the first 15 minutes of burning.

As was the case with temperatures on the litter~soil interface,
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the peak at each spot was followed by an immediate decline,

It was also observed that where there was a considerable amount
of litter or heaps of felled wood, soil temperatures at the 5 cm
soil depth reached a peak of 90C. Again, the actual values
varied according to the amount of litter on the soil and

hence the duration during which this litter was completely
consumed in the fire. In situations where logs of wood were
left smouldering long after the burning, temperatures of over
90 C were attained at a depth of 5cm of soil. 1In one situa-
tion, a temperature of 162C was monitored at a depth of 5cm
nearly twenty-four hours after burning. In this spot, both
soil color and texture were changed dramatically. This was
probably an indication that very high temperatures could be
reached in the zone of the plant roots if the effect of the
burning is prolonged as a result of the presence of smouldering
wood and the subsequent heat generated therefrom. This situa-
tion, however, occurred in very isolated spots. On the field
site where a crop trial was later established, the intense

heat associated with this kind of prolonged burning of logs

of felled Awthonata macnophylla was confined to the few spots
where actual burning of the logs had started. In the farmer's
field, in general, the area covered by these spots would be
less than one~tenth of the entire field. The redder hues

and change in the texture suggested that only in those isolated
spots could the prolonged effect of burning exert a signifi-

cant impact on the soil,
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In general, the temperatures reached at the litter-soil
interface and at the 5 cm soil depth were not as high as has
been widely thought. Even where the temperatures were high,
the duration was short. One could then conclude that in most
parts of Southern Nigeria where this system of bush fallow
burning is practised, high temperatures may be reached on
the surface of the soil in particular, but such temperatures
appear to be of short duration. The effect of the heat on
the root zone appears to be minimal except in very isolated
spots where intense heat can alter the soil color and texture.
Probably, this practice of burning does not influence the
properties of the surface soil or the root zone to any great

extent.

2.4.5 Ghreenhouse Studies on the Nutrnient and Lime Effects
of Ash.

Trnial 1: The addition of ash resulted in a slight
but insignificant increase in the dry matter yields of maize
on the Ikenne soil (Table 2.4). There were favourable
responses to N, P, K and MgZn, but only those due to N and P
were significant based on the means of the fertilizer treat-
ments.

The ash significantly depressed the root dry matter
(Table 2.5). Although all fertilizer elements improved the
root weights, only the response to P was significant. The

depressive effect of the ash on‘the root yields at all
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TABIE 2.4 THE EFFECT OF FERTILIZER APPLICATION WITH AND WITHOUT
PLANT ASH ON THE DRY MATTER YIFIDS OF MAIZE GROWN ON
THE IKENNE ALFTISOL.

Fertilizer Treatments ' No Ash Ash* Fertilizer Treatment Means
(Nutrient Combinations) gn/pot. **

Control 4.6 4.8 4.7
PK 10.1 11.3 10.7
NK 5.0 5.4 5.2
NP 13.2 11.9 12.5
NPK 13.1 14.0 13.5
NPRMgZn 12.6 15.0 13.8
Main Treatment Means 9.8 10.4 10.1
Lsd (0.05) (i) Between Main Treatment means (0.8)
(i1) Between Fertilizer means (1.6)

(iii) Between Fertilizer treatments under
one Main treatment (2.2)

(iv) Between Main Treatment yields at the
same Fertilizer treatment (2.1)

* Ash added = 430 kg/ha

** FEach Yield is a mean of four replicates.
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TABIE 2.5 THE EXFECT OF FERTILTZER APPLICATION WITH AND WITHOUT
PLANT ASH ON THE ROOT DRY MATTER OF MAIZE GROWN ON THE
TKENNE ALFISOL.

Fertilizer Treatments No Ash Ash Fertilizer Treatment Means
gm/pot

Control 6.6 4.0 5.3
PK 10.9 10.0 10.4
NK 6.0 5.2 5.6
NP 9.4 8.2 8.8
NPK 9.9 9.4 9.7
NPKMgZn 10.2 9.6 9.9
Main Treatment Means 8.8 7.7 8.3
Lsd (0.05) (1) Between Main treatment means (1.1)
(ii) Between Fertilizer means (1.9)

(iii) Between Fertilizer treatments under
one Main treatment (2.6)

(iv) Between Main treatment yields at the
same Fertilizer treatment (2.6)
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fertilizer treatments cannot he explained,

Ratlos of shoot:;root increased significantly following
the addition of ash (Table 2,.,6). This result might be expected
because the root yields were significantly depressed by the
ash resulting in an increase in the shoot/root ratios.
Responses to N and P were significant as was the case with
the dry matter yields of the plant tops. There was a negative
response to K, but like the favourable response to Mgin, it
was not significant.

The concentrations of N, P, K, Mg and Zn in the plant
were not significantly affected by the addition of ash, but
those of Ca and Mn were significantly decreased (Table 2.7).
The ash alone (check) significantly increased K concentration,
but, at the same time, Ca and Mg concentrations were signifi-
cantly decreased. The ash probably contributed directly to
K content in the plant but had no direct effect on Ca and Mg.
Since the addition of ash slightly increased dry matter yields,
dilution of Ca and Mg occurred.

A comparison of PK and NPK treatments indicated that
N increased the concentrations of the other elements except
N, P and K. Other comparisons showed that P decreased the
concentrations of the other elements except Mg but had no
effect on P concentration in the plant. The effect of added
P in increasing dry matter yields may have caused the dilution
of the other elements except Mg, There were only slight ef-

fects of the other added elements on each other's concentrations.
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TABLE 2.6 THE EFFECT OF FERITLIZER APPLICATION WITH AND WITHOUT
PLANT ASH ON THE SHOOT/ROOT RATIOS OF MAIZE GROWN ON THE
IKENNE ALFISOL.

Pertilizer Treatments

No Ash Ash

Fertilizer Treatment Means

Control
PR
NK
NP

NPK

NPKMgZn

0.73 1.20
0.94 1.13
0.88 1.11
1.44 1.48
1.36 1.50
1.27 1.63

Main Treatment Means 1.10 1.34

Lsd (0.05)

Between Main treatment means
Between Fertilizer means

Between Fertilizer treatments urder
one Main treatment

Between Main treatments at the
same Fertilizer treatment

0.96
1.03
0.99
1.46
1.43

1.45

1.22

0.13

0.25

0.35

0.35
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TABLE 2.7 THE EFFECT OF ASH AMND FERTILIZER APPLICATION ON NUTRIENT
CONTENT OF MAIZE.
Main Treatments Fertilizer N P K Ca Mg Zn Mn
Treatments 3 ppm
No Ash Control 1.50 0.16 1.97 1.14 1.38 39 135
PK 2.88 0,14 2.59 0.60 0.683 20 105
NK 3.16 0.13 4.69 0.94 0.83 42 175
NP 2.89 0.16 0.88 0.88 1.22 27 130
NPK 2.75 0.13 2.16 0.68 0.84 27 135
NPKMgZn 2.75 0.13 2.19 0.74 0.85 40 125
Means 2.66 0.14 2.41 0.83 0.97 33 134
Plant Ash Control 1.97 0.16 2.47 0.81 1.22 37 115
PK 3.22 0.15 2.56 0.59 0.78 21 95
NK 3.15 0.13 4.35 0.80 0.77 40 160
NP 3.40 0.16 1.00 0.80 1.11 27 115
NPK 3.06 0.14 2.13 0.71 0.89 26 105
NPKMgZn 2.71 0.14 2.13 0.61 0.85 36 105
Means 2,92 0.15 2.44 0.72 0.94 31 116
Lsd (0.05) (i) .37 .02 .30 .05 .14 17 9
(i1) .30 .02 .31 .07 .05 3 16
(iii) .43 .02 .44 .10 .07 5 23
(iv) .53 .03 .50 .11 .15 5 23

(1)
(ii)

(iii)

(iv)

Between Main treatment means
Between Fertilizer means

Between Fertilizer treatments under
one Main treatment

Between Main treatments at the
same Fertilizer treatment
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The addition of ash had no significant effect on the
total uptake of any of the nutrients evaluated (Table 2.8).
The recovery of these nutrients in the ash has been shown

earlier to be small, and this is a further evidence that the

ash contributed very small amounts of the elements to the

soil. The ash may, however, exert an indirect effect on the

recovery of the elements by the plant. For example, in spite

of 7 mg N/pot from the ash, there was an increase of 45 mg
N/pot as a result of the addition of ash. This was an increase
of about 17 per cent. Since N was not limiting, this increase
was not significant but resulted indirectly from the increased
dry matter yields with ash.

The P contribution by the ash was only 3 mg P/pot and
the increase in P uptake due to the ash was very small.
Therefore, even the small amount of P in the ash was not
readily available during the four-week growth period of the
plants in this study. There was an increase in the recovery
of applied P-fertilizer when ash was added (18%) yet, there
was no beneficial effect attributable to this increase.

The ash contributed 17 mg K/pot and the increase in
total K uptake due to the addition of ash was slightly higher
(20 mg K/pot). Therefore, more than the ash-K was recovered ..
in the plant tops. The ash probably increased the uptake of
K by directly increasing the supply of K to the soil or

improved K uptake by indirectly influencing the yields of

the dry matter. In the check treatment, there was an increase
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THE EFFECT OF ASH AND FERTILIZER APPLICATION ON TOTAL
NUTRIENT UPTAKE IN MATZE.

Main Treatments Fertilizer N 4 K Ca ! Zn Mn
Treatments mg/pot ug/pot
No Ash Control 71 7 91 49 64 178 621
PX 292 14 255 60 75 198 1047
NK 158 6 235 47 42 211 877
NP 378 21 114 116 161 355 1631
NPK 359 17 281 88 109 345 1760
NPKMgZn 344 16 273 93 107 497 1567
Means 267 14 208 76 93 297 1251
Plant Ash Control 93 8 117 39 58 174 552
PK 363 17 286 65 87 237 1057
NK 170 7 234 43 42 216 887
NP 412 19 118 92 133 313 1343
NPK 429 20 29 100 125 354 1460
NPKMgZn 404 20 318 91 121 537 1574
Means 312 15 228 72 94 305 1146
Isd (0.05) (i) 53 3 25 11 21 42 179
(ii) 59 3 29 12 6 42 174
(iii) 83 4 41 17 22 60 247
(iv) 91 4 44 18 28 67 283

(1) Between Main treatment means
(ii) Between Fertilizer means

(iil) Between Fertilizer treatments under
one Main treatment

(iv) Between Main treatments at the
same Fertilizer treatment’
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of 26 mg K/pst due te the ash. This was greaterx than the ash-K
contribution, This increased K uptake in the plants was not
followed by any dilution in K concentration (Table 2.7).
Therefore, the addition of the ash had probably a direct
effect on K uptake. The slight improvement in the recovery
of applied K when ash was added indicates that there may also
be an indirect effect but this cannot easily be separated from
the direct effect discussed above.

The contributions of Ca and Mg from the ash were 34
and 19 mg/pot respectively. These were quite small and had
no effect on the recovery of these elements. Similarly, the
7zn and Mn contributions (441 and 1200 mg/pot respectively)
were small. The addition of ash did not improve the uptake
of the two elements. The addition of 12.5 mg Zn/pot did not
improve Zn uptake probably because the plants already had a
high Zn content.

Fertilizer N and P significantly increased the total
uptake of all nutrients including N and P. The addition of
K had no effect on the uptake of N and P, but significantly
increased K recovery by the plant. Potassium also lowered
the uptake of Ca and Mg. The depressive effect of K on Mg
uptake was significant and not even the addition of Mg-
fertilizer altered this trend. Barber (1968), had reported
that excessive supply of K could depress the uptake of Ca and
Mg.

The application of MgZn fertilizer had no effect on the

uptake of the other elements.
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Thidal TT: The dry matter ylelds of the maize were
increased when ash and lime were added but only the increase
due to the lime was significant as shown by the mean yields
of the main treatments (Table 2.9). There were no significant
vield differences between the ash and the lime. On the Onne
soil used in this study, there were favourable responses to
N, P, K and Mg, but only those due to P and K were significant
based on the means of the fertilizer treatments. Although
responses to Zn and MgZn were negative, they were not statis-
tically significant.

In seven of the eight fertilizer treatments, dry matter
yvields were higher where ash was added than where it was not
-~ but only the vield differences due to Zn and MgZn were
significant. The lime yields were higher in all eight
treatments than the check yields, but again, only the yields
associated with Zn and MgZn were significantly higher. There-
fore, the responses due to Zn and MgZn were associated with
the effects of these elements on the yields. The lime yields
were in seven out of eight treatments higher than the ash-
vields although not significantly different. Therefore,
since the lime was only slightly better than the ash, probably,
the strong acid used in determining the lime equivalent might
have dissolved materials which the soil could not in a few
weeks of the study.

The significant yield response to P reported above was

consistent for all three main treatments but that observed for
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TABIE 2.9 THE EFFECT OF ASH, HYDRATED LIME (HL) AND FERTILIZER
APPLICATION ON THE DRY MATTER YIEID OF MATZE GROWN ON
THE ONNE ULTISOL.

’ % Nutrient
Nutrient Combinations Yo Ash Ash  Lime (HL) Cambination
(NC) . gm/pot** means
Control 3.4 4.3 4.9 4.2
PK 10.9 10.3 11.2 10.8
NK 4.5 5.4 6.2 5.4
NP 9.1 9.9 9.9 9.6
NPK 10.1 11.8 13.2 11.7
NPKMg 12.0 12,7 13.8 12.8
NPKZn 9.1 11.8 12.2 11.0
NPKMgZn 9.1 11.6 11.9 10.9
Main treatment means 8.5 9.7 10.4 9.6

Lsd (0.05) (i) Between Main treatment means 1.6
(ii) Between Fertilizer means 1.5

(iii) Between Fertilizer treatments under
one Main treatment 2.6

(iv) Between Main treatment yields at the
same Fertilizer treatment 2.2

* Lime added = 418 Kg/ha (equivalent to lime in ash)
** Fach yield is a mean of three replicates
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K occurred only when the soil was limed. Therefore, it is
probable that liming by ilncreasing the dry matter yields
caused a response to K. Hence, K may become necessary for
dry matter production when the Onne Ultisol is limed.

The uptake of N was significantly increased by the
addition of either ash or lime as shown by the means of the
main treatments (Table 2.10). The difference in the N uptake
did not differ between the ash and the lime indicating that
the lime effects of ash and hydrated lime were comparable but
the N-supplying potential of the ash was not better than that
of the lime which was not a N-source. The ash contributed only
12 mg N/pot but adding the ash increased the average uptake of
N (main treatments) by 76 mg N/pot and also improved the re-
covery of fertilizer N. There was a close similarity between
the N uptake trends and the yields suggesting that the yields
determined the uptake patterns of N. This observation confirms
that the effect of the ash on N uptake may be due to the in-
direct influence resulting from the increase in dry matter
yvields. Nitrogen mav not have been limiting in this study
because of the amount applied and the possibility of mineralized
N from the soil organic matter. These reasons further confirm
that the yields obtained were not limited by N,

The uptake of P was related to the yields in many
respects. The addition of ash and lime increased P uptake
but only the effect of lime was significant among the main

treatments (Table 2.11). There was no difference between the
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TABLE 2.10  THE EFFECT OF ASH, HYDRATED LIME AND FERTILIZER APPLICATION
CN THE TOTAL UPTAKE OF N BY MATZE GROWN ON THE ONNE ULTISOL.

Nutrient

Nutrient Combinations No Ash Ash Lime (HL) Combination
(NC) mg N/pot means
Control 116 145 181 147
PK 214 246 231 230
NK 179 240 294 238
NP 334 376 421 377
NPK 336 469 532 446

NPRMg 409 459 534 467 -

NPKZn 342 459 470 424
NPKMgZn 325 475 445 415
Main treatment means 282 358 389 343

Isd (0.05) (i) Between Main treatment means 48
(ii) Between Fertilizer means 38

(iii) Between Fertilizer treatments under
one Main treatment 65

(iv) Between Main treatments at the
same Fertilizer treatment 77
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TABIE 2.11 THE EFFECT OF ASH, LIME AND FERTILIZER APPLICATION
ON TOTAL P UPTAKE.

Nutrient Combinations No Ash Plant Ash Hydrated Lime Nutrient Combination

mg P/pot Means
Control 7 11 11 10
PK 24 23 25 24
NK 8 10 11 10
NP 25 25 29 26
NPK 23 25 33 27
NPRMg 27 28 32 29
NPKZn 21 29 32 27
NPKMgZn 23 28 27 26
Means 20 22 25 22
Lsd (0.05) (i) Between Main treatment means 5
(1i) Between Fertilizer means 4

(iii) Between Fertilizer treatments under
one Main treatment 6

(iv) Between Main treatments at the .
same Fertilizer treatment 7
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gsh and lime in respect of P uptake. The ash contributed

13 mg P/pot and this resulted in an increase of only 4 mg P/pot
(check). The overall increase of P uptake in the trial (main
treatments) associated with ash was even lower (2 mg P/pot).
Therefore, the ash neither contributed a reasonable portion

of its P content nor improved P uptake from fertilizer P. The
recovery of P on this soil was as low as on the Ikenne soil.
The superiority of the lime over the ash was associated with
the effect 0f the former on the dry matter.

Nitrogen application increased P uptake and the increase
was significant when the soil was limed. Phosphorus fertili-
zer significantly increased P uptake, but the other added
nutrients had no effect on the uptake of P. 1In six of the
eight fertilizer treatments, P uptake was higher when ash was
added than when it was not, but the increase was significant
only when Zn was applied with NPK fertilizer. The uptake of
P due to the lime was also higher in six of the fertilizer
treatments than with the ash but again, the uptake was sig-
nificant when Zn was applied with NPK. When the soil was
limed, MgZn fertilizer significantly depressed the uptake of
P but there was no significant reduction of P uptake due to
either Mg or Zn application alone. Therefore, the effect of the
combination of MgZn fertilizer on P uptake may be associated
with interaction between both elements or their combined
effect on P recovery.

The uptake of K was significantly increased when ash
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or lime was applied bhut there was no significant difference
between the ash and the lime as shown by the main treatment
differences (Table 2.12). The ash-K contribution of 45 mg K/pot
resulted in a recovery of 22 mg K/pot or 49% of the ash-K
(check treatment). The uptake of K in the trial (main
treatment means) was increased by 40 mg K/pot. These results
suggest that the ash had some beneficial effect in respect

of K uptake. This beneficial effect could be a direct
contribution of K from the ash, justified by the 49 per cent
ash-K recovery or indirectly related to the effect of ash on
the yields. Although the addition of ash increased K uptake
more than did liming, the utilization of fertilizer K was
comparable between the ash and lime. Therefore, the beneficial
effect of the ash was small since it was comparable with the
lime which was not a K-source.

The addition of ash and lime caused an increase in the
uptake of Ca but only the increase due to the lime was sig-
nificantly higher than that due to either of the other main
treatments (Table 2.13). The ash contributed 75 mg Ca/pot
while the lime added 334 mg Ca/pot, respectively. The re-
sulting increases in the uptake were 6 and 31 mg Ca/pot
respectively. These results suggest that although the
effect of ash on Ca nutrition was small, the percentage
utilization of Ca was similar between the ash and the lime.
The dry matter yields determined the trends of Ca uptake in

the plants.
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TABLE 2.12 ( THE EFFECT OF ASH, LIME AND FERTILIZER APPLICATION
0N TOTAL K UPTAKE.

Nutrient Combinations No Ash Plant Ash BHydrated Lime Nutrient Combination

mg K/pot Means
Control 113 135 124 124
PK 311 330 281 307
NK 191 217 265 224
NP 147 166 150 154
NPK 254 335 326 305
NPKMg 293 318 322 311
NPKZn 265 312 319 299
NPKMgZn 248 332 318 299
Means 228 268 263 253
Isd (0.05) (i) Between Main treatment means 20
(ii) Between Fertilizer means 31
(iii) Between Fertilizer treatments under 53
one Main treatment
(iv) Between Main treatments at the 53

same Fertilizer treatment
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THE EFFECT OF ASH, LIME AND FERTTLIZER APPLICATTON
ON TOTAL Ca UPTAKE

Nutrient Combination

No Ash Plant Ash Hydrated Lime

Mutrient Combination

mg Ca/pot Means
Control 19 22 45 29
PK 72 78 108 86
NK 22 34 50 35
NP 80 82 110 91
NPK 73 79 112 88
NPKMg 79 78 107 88
NPKZn 73 99 112 95
NPRMgZn 74 74 102 83
Means 62 68 93 74

Isd (0.05) (i) Between Main treatment means 11

(ii) Between Fertilizer means 12

(iii) Between Fertilizer treatments under
one Main treatment 20
(iv) Between Main treatments at the -
same Fertilizer treatment 22
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Magnesium uptake increased significantly as a result
of the addition of ash and lime, but there was no significant
difference between the means due to both treatments as in-
dicated by the main treatment means (Table 2.14), The trends
of Mg uptake followed closely those of Ca suggesting that the
dry matter yields also influenced the Mg uptake. The contri-
bution from the ash (21 mg Mg/pot) was small and although some
of this may have been released for uptake, the uptake of Mg
seemed mainly related to the indirect effect of ash on the
yields. Phosphorous and Mg significantly increased the uptake
of Mg and the recovery of the Mg from its fertilizer was not
improved by addition of ash.

The uptake of Zn increased significantly following the
addition of ash and lime, but the difference in the uptake
between the ash and lime was not significant (Table 2.15).
Despite the significant effect of ash on Zn uptake, the
recovery of the Zn from the ash (595 mg Zn/pot) was small
(only 12 mg Zn/pot). Although some of the Zn from the ash
may have been used, the Zn uptake was significant only when
Zn was applied as fertilizer. Only N and P fertilizers (in
addition to Zn) significantly increased Zn uptake suggesting
that the uptake of Zn may also be related to the yields of
the dry matter.

From all of the foregoing results, one can conclude
that the ash had no significant effect on the production of

dry matter. The nutrient contributions of the ash were small
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THR, EFFECT OF ASH, LIME AND FERTTLIZER APPLTCATION
ON TOTAL Mg UPTAKE,

' Nutrient Combinations No Ash

Plant Ash Hydrated Lime

Nutrient Combination

mg/Mg/pot Means
Control 14 17 20 17
PX 22 28 28 26
NK 15 21 22 19
NP 28 34 36 33
NPK 25 30 36 30
NPKMg 37 42 52 44
NPKZn 20 36 37 31
NPKMgZn 32 42 45 40
Means 24 31 35 30
@sd (0.05) (i) Between Main treatment means 5
(ii) Between Fertilizer means 6
(iii) Between Fertilizer treatments under
one Main treatment 10
(iv) Between Main treatments at the
same Fertilizer treatment 10
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TABIE 2.15 THE EFFECT OF ASH, LIME AND FERTILIZER APPLICATION
ON TOTAL Zn UPTAKE.

Nutrient Combinations No Ash Plant Ash Hydrated Lime Nutrient Combination

g Zn/vot Means
.Control 204 216 284 235
PK 391 420 461 424
NK 256 410 450 372
NP 505 515 636 552
NPK 543 677 682 634
NPRMg 534 630 736 633
NPKZn 755 1113 941 936
NPKMgZn 792 1006 1101 966
Means 498 623 661 5904
Isd (0.05) (i) Between Main treatment means 65
(ii) Between Fertilizer means 116

(iii) Between Fertilizer treatments under
one Main treatment 201

(iv) Between Main treatments at the
same Fertilizer treatment 198
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and could not support an adequate mineral nutrition for the
maize. The lime effect of the ash was confounded with the
nutrient effects in respect of Ca. The ash was inferior to
the lime in many of the compared parameters.

Phosphorous was the most limiting element on this soil
and when the soil was limed, there was a response to K. This
suggests that when the acid soil is limed, higher yields may

result and cause a response not only to P but also to K.

Trnial T1T1: This study was used to test the effective-
ness of ash to improve dry matter production and mineral
nutrition of maize. Several levels of ash and two different
methods of placement were evaluated as detailed in section
2.3.3. The ash treatments were also assessed against com-
parable levels of lime applied to the soil by mixing.

The ash significantly increased dry matter yields when
either 1126 kg/ha of ash was broadcast or when 2252 kg/ha
of the ash was mixed (Table 2.16). Broadcasting the ash was
better than mixing and in the case of the lowest level of ash

mixed, the difference was significant.

Dry matter yields increased as the amount of lime was
increased up to the 1000 kg/ha rate. The yields obtained

with the 1000 kg/ha of lime were significantly higher than
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TABIE 2.16 THE EFFECT OF AMOUNTS AND METHODS OF PLACEMENT OF ASH
AND HYDRATED LIME ON THE DRY MATTER YIELDS OF MATZE

GROMN ON THE OMNE ULTISOL,

Amount of Ash Placement Method Matter Yields
or Lime
kg/ha gm/pot*
Control - 8.5
563 (Ash) Broadcast 10.2
563 (Ash) Mixed 7.8
1126 (Ash) Broadcast 10.8
1126 (ash) Mixed 9.1
2252 (Ash) Mixed 10.7
250 (Lime) Mixed 9.0
500 (Lime) Mixed 9.8
1000 (Lime) Mixed 10.5
2000 (Lime) Mixed 9.7

Isd (0.05) Between two yield means

* Mean of four replicates

1.8
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those of the check. At comparable levels and methods of
placement, the ylelds due to the lime were higher than those
due to the ash except at the 2000 kg/ha rate when yields due

to the ash were slightly higher. The yields obtained with

500 kg/ha of lime were significantly higher than those obtained
with 563 kg/ha of ash.

Nitrogen uptake followed the yield trends. Although
the ash appeared to increase N uptake, there were no significant
differences among the treatments (Table 2.17). Broadcasting
resulted in a higher N uptake than mixing but the difference
was not significant.

Liming at 500 kg/ha significantly increased the N uptake
but the differences among lime treatments were not significant.
At comparable levels and methods of placement, the N uptake
was similar between the ash and lime treatments except at
500 kg/ha rate where the uptake of N was significantly higher
with lime than with ash.

The addition of ash did not significantly increase P
uptake except where 1126 kg/ha of ash was braodcast. However,
the effect of the level of ash was related to the placement
method. For example, broadcasting the smallest level of ash
did not result in a significantly higher uptake of P by maize
than broadcasting 1126 kg/ha .. However, mixing the smallest
level of ash (563 kg/ha) resulted in a significantly lower P
uptake than mixing the 1126 kg/ha of ash., Mixing the smallest

level of ash also resulted in a‘significantly lower P uptake
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BLE 2.17 THE EFFECT OF AMOUNTS AND METHODS OF PLACEMENT OF ASH AND
HYDRATED LIME ON THE NUTRIENT UPTAKE BY MATZE GROWN ON THE
ONNE ULTISOL.
nount of Ash Placement Method Nutrient Uptake
or Lime N P K Ca i Zn Mn
kg/ha mg/pot ug/pot
Control - 268 19 252 51 35 810 3930
563 (Ash) Broadcast 282 21 322 46 45 700 4220
563 (Ash) Mixed 254 15 311 48 37 740 4230
1126 (Ash Broadcast 302 22 343 48 51 690 4350
l126 (Ash) Mixed 284 18 343 53 45 790 4310
2252 (Ash) Mixed 302 20 422 58 56 910 4880
250 (Lime) Mixed 286 17 282 62 44 870 4420
500 (Lime) Mixed 316 18 303 74 49 970 4190
1000 (Lime) Mixed 306 20 300 86 58 950 3870
2000 (Lime) Mixed 300 18 303 103 54 920 2390
" -sd (0.05) Between two uptake means
under each nutrient 45 3 36 14 4 210 770
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than with the check. 8&imilarly, mixing 1126 kg/ha of ash
caused a significantly lower P uptake than broadcasting the
same level of ash. These results confirm that broadcasting
the ash was significantly better than mixing with regard to
P uptake.

Liming had no significant effect on the uptake of P
although increasing the lime levels up to 1000 kg/ha slightly
increased P uptake. However, among the lime treatments, the
uptake of P was significantly higher when 1000 rather than
250 kg/ha of lime was applied. Phosphorus uptake when
500 kg/ha of lime was applied was significantly higher than
at the comparable level of ash and method of placement. There
were no significant differences between the ash and lime at
the higher levels and comparable methods of placement.

The uptake of K increased significantly as the level
of ash increased and the methods of placement had no effect.
Part of this K may have been contributed by the ash. Since
the uptake of XK was more related to the level of ash added
than to the dry matter yields, it seems probable that there
was a sufficient K in the system without the ash.

Liming increased K uptake and levels of 500 to 2000 kg/ha
were significantly better than the check. There were no sig-
nificant differences in K uptake among the lime treatments.
The effect of the lime on K uptake may be related to the
yields, At comparable levels and methods of placement, the

K uptake was higher with ash than with lime. Both 1000 and
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2000 kg/ha levels of ash caused a significantly higher K
uptake than did the lime, Thils result confirms that the ash
may have contributed some of its K content towards the
nutrition of the maize.

The ash had no significant effect on the uptake of Ca.
As the level of lime increased, the uptake of Ca increased but
only the lime levels of 500 to 2000 kg/ha were significantly
better than the check. The utilization of Ca, however, de-
creased as the amount of lime added increased beyond 500 kg/ha
(Fig. 2.2). It would seem that not more than 1000 kg/ha of
lime may be required on this soil to maintain a desirable
level of Ca utilization and still satisfy the need to lower
Al saturation on the Onne acid soil.

The uptake of Mg increased significantly as the levels
of ash increased indicating that the ash also contributed some
of its Mg content. Broadcasting the ash was significantly
better than mixing when either 563 or 1126 kg/ha of ash was
added.

Liming also increased Mg uptake significantly. As the
level of lime increased up to 1000 kg/ha, the uptake of Mg
increased significantly. Liming with 2000 kg/ha significantly
reduced Mg uptake in comparison with the uptake at 1000 kg/ha
of lime. Liming was significantly better than the addition of
ash in terms of Mg uptake when the levels used were 500 and
1000 kg/ha. However, at the 2000 kg/ha level, both the lime

and ash were simillar with respect to the uptake of Mg.
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The uptake of Zn was not significantly affected either
by ash or hy lime. The uptake of Zn was comparable among all
ten treatments. Adding ash increased Mn uptake but only with
the 2252 kg/ha level was the increase significant. The method
of placement had no effect on Mn uptake., Liming at the lower
levels of 250 and 500 kg/ha increased Mn uptake slightly but
as the level of lime was increased the uptake of Mn declined. The
decline obtained when 2000 kg/ha of lime was applied}was significant.
The slight increases of Mn uptake with ash and with lower rates
of lime may be due to a better growth while the decline at
higher levels of lime might be due to the effect of lime on
soil pH. Increasing pH usually lowers the Mn solubility and

so decreases its availability and plant uptake.

2.4.6 The Effects o4 added Ash and P from KH PO on the P
Concentrhations Ain Sodll Solution.

Varying levels of ash from the Onne site were incubated
with surface soil samples from Onne which had been phosphated
with KH2P04. This was done in order to obtain information on
the effect of ash on P concentration in the equilibrium
solution. Another experiment assessed the P supplying poten-
tial of the ash in comparison with inorganic KH2PO4 following
incubation vwith Onne surface soil samples. Details of
these were described in section 2.3.4.

The addition of amounts of ash varying from 563 up to

22520 kg/ha resulted in an apparent decrease in the adsorption
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of P from KH PO4 [Fig. 2.3]. Although the patterns of

2
adsorption were variable probably due to the complex nature
of the ash, yet all levels of ash decreased P adsorption.
The ash could have contributed some P to the equilibrium
solution but results in Fig. 2.4 showed that the levels of
ash from 563 to 22520 kg/ha did not produce a marked change
in the amount of P in solution. However, when comparable
amounts of P from KH2P04 were added to the soil, there was

a near linear increase of P in solution as added P was in-
creased. The magnitude of the increase of P in solution due
to the KH

PO,~-P ranged from four to ten times more than that

2774
due to the ash-P. Although both orthophosphate and pyrophosphate
may have been present in the ash, only the free ortho-P was
measured. The KH2PO4—P was more readily available in solution
than the ash-P and so the reduction in P adsorption by ash in
Fig. 2.3 was real. The reasons for this effect of ash are not
known but, the ash could have blocked the soil's adsorptive
surfaces and so reduced P adsorption from KH2PO4° Increasing

the amount of ash increased the pH of the equilibrium solution
(Fig. 2.5). An increase of soil pH has been reported by Juo

in literature cited by Friesen (1978) to decrease P adsorption.
The pH could have had some effect on the decrease of adsorbed P
in this study but the pH effect was not consistent. For example,
lower levels of ash decreased P adsorbed adsorbed but the pH
change was small. High levels of ash increased pH but the

decrease in P adsorption was not directly related to the pH

effect or to the amount of ash.
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As a consequence of the variabllity in the adsorption
patterns reported earlier, calculations of the conventional
adsorption maxima and bonding energies for the different ash
treatments were not meaningful. These results indicate that
relative to a soluble P source, the ash-P was not a good
source of P within the period of incubation used. The amount
of P recovered in the ash had been shown elsewhere in this
chapter to be small; even this small amount was not readily
soluble. Although the solubility of the ash-P may have been
affected by the short time of incubation, yet results of the
greenhouse studies showed that the ash-P availability did not
improve with time. Therefore, its solubility in the field
may not be much different from that in the greenhouse.

Since the ash at all concentrations reduced the adsorp-
tion of P, such a reduction may help to decrease the fixation
of fertilizer-P in the field especially on soils like the

Onne Ultisol with known high P adsorption characteristics.
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2,5 Summary and Conclusions.

Fallow primary production was evaluated at four differ-
ent sites in Southern Nigeria. The dry matter yields were
influenced by factors such as time of growth, type of vegetation,
amount of rainfall and fertility of the soil. The effects of
these factors were variable and not one factor had an over-
riding influence on the primary production. However, the dry
matter yields were higher at the older fallow sites than at
the short and more regularly cultivated ones.

Nutrient storage in the biomass compared well with that
reported from similar agro-ecological areas in the tropics.
There was a relationship between the féllow dry matter yields
and the nutrient storage but the latter was not directly de-
pendent on the former. The factors which influenced the dry
matter yields may also affect the nutrient storage but again,
there was no dominant effect of any one of the factors. Time
appeared to have a strong influence over both dry matter yields
and nutrient storage since the two short fallows studied con-
tained small amounts of these compared with the older vegeta-
tions.

Burning of the fallow vegetations in preparation for
cultivation reduced the amount of residues and thus provided
a clean seedbed. BRurning also added inorganic nutrients in
the form of ash but the guantities of the ash that resulted
were generally small and independent of the fallow dry matter

yvields. The small amounts of ash could be partly a reflection
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of lncomplete burning or the type of vegetation burned. The
effects of those factors enumerated above, which affected
the biomass yields and nutrient storage could also influence
the amounts of ash,

The recovery of each major element (as ash) in the
preburn fallow material was small and in all cases below 50%.
There was no close relationship between the nutrient storage
in the fallow and the recovery in the ash. The loss of vir-
tually all the N in the residues burned was particularly
pronounced. In addition to the effect of the factors suggested
above, the effects of the degree of burning and the type of
plant species burned may account for the results obtained with
regard to the recovery of nutrients. These results suggest
that the small nutrient contribution from the ash could not
be expected to markedly improve the fertility status of the
soils irrespective of the type of fallow vegetation. There-
fore, the nutrient potential of the ash is probably not the
major benefit of burning. The large amounts of unburned re-
sidues in the field as well as undecomposed litter on the
floor of the fallow and the intact roots of the fallow species
may be large sources of nutrients which could considerably augment
the effect of ash and so enhance the fertility of the soils.

Temperatures attained during burning were monitored at
the litter-soil interface, and at the 5 cmsoil depth. Results
indicate that temperature increases were variable and of short

duration but temperatures Up to 570 and 70 C were monitored at the surface
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and the 5 cm depth, respectively. Actual temperatures
attained and the duration for which they continued was found
to depend on factors such as the amount and type of slashed
vegetation.,

The effect of heat per se during the type of burning
practised in the area, on the mineralization of soil organic
matter may not be as pronounced as is generally thought. The
physical and chemical properties of the soil around the root
zone may therefore not be altered to any considerable extent.
However, where high temperatures are reached and are sustained
for long periods, such change may be expected as was observed
in isolated spots in the field where felled logs were left to
burn for over 24 hours.

Greenhouse and laboratory studies assessed the effec-
tiveness of ash samples, as sources of nutrients and lime, to
improve maize dry matter production and mineral nutrition.
Using the ash samples from the short typical fallow sites,
it was established that the ash had no significant effect
on the dry matter yields of maize. Similarly, the ash had
no significant effect on the uptake of the major elements
applied as fertilizer nutrients. These confirm that the
nutrient contribution of the ash was small since its direct
effect was not measurable. As a source of Ca, the ash was as
good as hydrated lime but the amounts contributed by ash were
smaller.

Increasing the levels of -ash over the amount obtained
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at the Onne site improved the dry matter yield of maize when
those levels were broadcast rather than mixed with the soil.
The uptake of nutrients improved in a similar manner suggesting
that the ash could directly contribute its mineral contents
such as K and Mg in particular towards the nutrition of maize
but the amounts of these elements were still small. Higher
levels of ash can only be obtained by concentrated burning of
the slashed residues but this is not the prevailing practice

in most of Southern Nigeria.

The ash was not as good as Ca(OH)2a2 H20 ; @s a lime
source. This suggests that the method used to determine the
amount of lime to use overestimated the lime equivalent of the ash.

On both Ikenne and Onne soils used in these studies,
there were responses to applied major elements especially N,
P and K. The strongest response was to P and indicated that
P was probably the most limiting element on both soils. The
non-significant responses to the other elements suggest that
their requirements were either marginal or dependent on the
limiting effect of P. The ash was not a good source of this
element partly because of the small amcunt in the ash and
partly because of its relative insolubility compared with an
inorganic PO4 source such as KH2P04. Extending the time of
reaction of the ash in the soil as was done in the greenhouse
did not improve the availability of P from the ash. However,
the ash at all levels reduced the adsorption of P from the

inorganic PO,. Such a reduction may help to decrease the
4
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fixation of fertilizer~P in high P~fixing soils as the Onne
Ultisol.

Liming the Onne soil up to 1000 kg/ha increased dry
matter yields of maize and improved mineral uptake probably as
a result of a favourable soil pH. Liming also resulted in a
response to K suggesting that K may be required for dry matter
production when the Onne soil is limed. It was also postulated
that not more than 1000 kg/ha of the lime may be required on
the Onne soil to maintain a desirable level of Ca and still

satisfy the need to lower Al saturation to non-toxic levels.



Chapter 3: Effect of Soilil Pre-~heating on some Physical and

Chemical Properties of Soils and Maize Performance

3.1 Introduction and Literature Review.

The use of fire in the management of natural ecosystems
is a dominant land management method in many areas of the low
altitude tropics. In Nigeria, it is the means by which the
traditional farmer handles an enormous amount of precleared
forest fallow in order to obtain a clean seedbed.

The magnitude and extent of soil heating during firing
may be influenced among other things by the type and amount
of cleared vegetation. Temperatures attained during field
burning have been discussed in an earlier section of this study.
Generally, burning or heating of soils affect the physical,
chemical and biological components of soils (Nishita et af.
1970). These in turn, could influence the fertility of the
soils.

The physical changes wrought by soil heating are those
of texture, structure, water-holding capacity etc. Bouyoucos
(1924), indicated that soils heated at high temperatures showed
a reduction in clay content and an increase in larger size
fractions. Similar observations have been made by Nishita
et al. (1970), Sertsu and Sanchez (1978). Critical temperatures

at which certain physical attributes may be altered have also
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been ohserved. Bouyoucos (1924) found that the heat of

wetting, unfree water and plastlcity began to change appreciably
at about 230 C, reduced significantly at 485 C and were
destroyed completely above 800 C. Rao and Wadahawan (1955)
showed that the liquid and plastic limits as well as plasticity
indcx decreased progressively up to 360 C while the soil becomes
non-plastic above this temperature. Heyward (1938) reported
that organic matter charring within the soil begins in the
temperature range of 177 - 204 C. Nishita et af. {(1970)
observed various color gradations from brown to red for soils
heated to 1000 C.

The chemical changes brought about by soil heating are
associated with the solubility of a number of soil constituents.
Kelly and McGeorge (1913), Johnson (1919) showed that heating
up to 250 C generally increases soluble components which again
decrease upon further heating. Johnson (1919) also found a
slight increase around 350 C. Kelly (1914) and Gustafson (1922)
observed that certain soluble constituents may not continue
to increase up to 250 C and in fact found a gradual dis-
appearance of nitrate between 200 - 250 C. Nishita et al.
(1970) found that heat had variable effects on pH which
decreased at 200 C but increased at higher temperatures.

Organic matter content decreased with increasing temperatures
above 200 C but was not completely oxidized until about 800 C.
Total N content was related to the organic matter content since

N is a component of soil organic matter. A lower temperature of
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s0ill heating increased lnorganic N, Sertsu and Sanchez (1978).

Sreenivasan and Aurangabadkar (1940), Rotini et al.
(1963) reported a progressive decrease of cation exchange
capacity with increasing temperature.
These are assoclated with changes in organic matter, particle
size distribution and dehydration of clay colloids and gels.
Sertsu and Sanchez (1978) reported increases in available P,
Fe and Mn at lower temperatures. Kang and Sajjapongse (in
press) obtained similar results and reported marked increases
in extractable P, Zn, Mn and Fe at 200 C and pronounced
reductions in total N, organic carbon, organic P, extractable
Mg and Ca. Nishita et af. (1970) found that the extractabili-
ties of K and Ca remained fairly constant to about 300 or 400C
and then decreased with increasing temperatures. The extrac-
tability of Mg decreased when the soil was heated to 100C,
but increased at 600 C. In general therefore, heating a soil
to very high temperatures may be detrimental to its fertility.

Nishita et al. (1970) reported reduction in bean growth
in soils heated to high temperatures. Xang and Sajjapongse
(in press) showed plant height and dry matter yield of rice
to be higher when the soil was heated to 100 C but found no
beneficial effect of heating with N, P and K addition. Further-
more, Nishita ef af. (1970) found that Ca uptake decreased
with increasing soil temperature as did Ca extractability. The

uptake of Mg did not agree with the amount extractable suggesting
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the presence of other factors such as complementary ion
relationships. The uptake of K was found to increase follow-
ing heating of soils to temperatures up to 350 C and to
decrease upon heating to higher temperatures. Its reduced
uptake was suggested to be due to fixation and the fusion

of soil particles at high temperatures. The uptake of P and
Zn was little affected at lower temperatures but increased
when the temperatures increased. Nishita et a£.(1970),
observed increased Mn uptake following heating of soils to
about 300 C and a progressive decrease when the soil was
heated to higher temperatures. These observations were
attributed to probable changes in manganese solubility which
in turn may have been related to its oxidation states. Kang
and Sajjapongse (in press) also reported increased Mn uptake

by rice following heating of soil to 200 C.

3.2 Study Objectives.

Since bush and forest fallow burning will probably
remain the dominant system of land management in most of
Southern Nigeria, an understanding of the direct affect of
soil heating on soil properties is vital. In addition, the
indirect influence of the heat on crop performance needs to
be ascertained. This study was set up to achieve the above
objectives and also to assess the effect of fertilizer appli-

cation on crop performance on heated soils.
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3,3 Materials and Methods

3.3.1 Sodl Heatding and Analyses

Two surface so0il samples (0-15 cm) from Ikenne (Oxic
Paleustalf) derived from metamorphic igneous basement complex
rocks and Onne (Typic Paleudult) derived from tertiary and
guarternary sediments were chosen for the heating experiment.
These two soils were chosen because of the physical and

chemical differences between them.

Expendiment 1. Effect of Heating on some properties
of Ikenne and Onne Scils.
The collected samples were air dried and sieved through
a 2mm sieve. Three hundred (300) gm triplicate samples were
heated at temperatures of 60 and 100 C in the oven and at
200, 400 and 600 C in a muffle furnace. At each temperature,
three times of heating, namely, 6, 12 and 24 hours were used.
At the end of each time interval, samples were removed, allowed
to cool and sub-samples were taken for the following deter-
minations:
(i) Moist color using a Munsell color chart.
(ii} Particle size distribution by Bouyouco's hydrometer
method.
(1iii) Soil pH (1:1, soil;water) using a Beckmann Zeromatic
pH meter,

(iv) Available P by the Bray I-~P method.
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(v) Qrganic Caxbken (%) by Walkley and Black method,

(vi) NH,~N by the regular Kjeldahl steam distillation method;
NO3~N by the brucine method of Greweling and Peech.
(vii) Exchangeable Al (in Onne soil) by extraction with IN KCl
and titration of the leachate with NaOH.
(viii) Extractable cations (Ca, Mg, K and Mn). These were ex-
tracted with IN NH4OAc at pH 7.0 and Ca, Mg and Mn determined
by atomic absorption while K was estimated by a flame photo-
meter.
(ix) Micronutrients (Zn, Fe and Mn). These were extracted

with 0.1 NHC1l and determined by atomic absorption.

Expendiment 11.

Batches of the Onne acid soil were passed through a 2mm
sieve and then heated in porcelain dishes at temperatures of
100, 200 and 600C for six hours until sufficient gquantities
were obtained for a plant growth experiment. These temperature
levels were the main treatments. Subtreatments consisted of
fertilizer combinations of check, NPKCaMg ZnS; PK CaMg Zn S;

NK CaMgiZnS; NP CaMgZnS; NPKMgZn S: NPKCaZnS; NPKCaMgs
and NPK Ca Mg Zn. The experimental design was a split-plot

of three replications. These elements were added from a mixture
of thelr salts as considered appropriate for each treatment.

Nitrogen at 100 ppm was added as NH,H PO4 and NH,ANO

472 437

P at 100 ppm as NH,H,PO K at 50 ppm as KC1l;

472%%4 4’
Ca and Mg at 20 ppm each as CaC12‘and MgClz, respectively;

and NaH2PO
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zn at 2.5 ppm as ZnSO4 and ZnEDTA;and S at 10 ppm as ZnSO4
and NaZSO4e The correct amounts of the salts were mixed with
the soil (500gm/pot). The soil was watered to field capacity
and then incubated for four days. Five seeds of maize,
cultivar TZB, were planted in each pot. Seven days after
germination, the plants were thinned to three per pot. The
pots were watered twice daily to bring the soil to field
capacity.

Plant heights were measured at 2, 3 and 4 weeks after
planting (WAP). At the end of the fourth week, the plant tops
were clipped at about 2cm from the soil surface, washed, dried
and weighed for the dry matter vields. The oven-dried sam-
ples (65 C) were digested in HNO3—HClO4 acid mixture and
assayed for nutrient concentration and total uptake by methods

described elsewhere in this thesis.
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3.4 Results and Dlscussion

3.4.1 Effect of heating on the 804l physical propenties.

(a) Sodil Colon: Heating the soils to 100 C did not cause
any visible color change but heating to 200 C resulted in a
substantial darkening of the two soils (Table 3.1). The
change of color at 200 C was an indication that some organic
matter charring had begun as suggested by Heyward (1938).
Heating to 400 and 600 C for 12-24 hours resulted in a
reddening of the soils. The intensity of the red hue de-
creased from the surface of the crucible to the bottom.

These observations are in agreement with the results of
Nishita et af. (1970). The color changes at high temperatures
were attributed to the loss of organic carbon and to changes
in the oxidation and hydration states of Fe and probably

Mn compounds (Nishita et af. 1970; Sertsu and Sanchez, 1978).

(b) Panticle Size Distribution: There were no appreciable
changes in the particle size distribution when the two soils
were heated up to 200 C for 6-24 hours (Tables 3.2 and 3.3).
When the soils were heated to 400 and 600 C, the sand content
increased in both soils; the silt content decreased only in
the Tkenne soil but was unaffected in the Onne soil. At the
high tempefatures, the clay fraction in both soils declined.
Similar results were obtained by Bouyoucos (1924); Sreenivasan
and Aurangabadkar (1940); Rao and Wadhawan (1955); Rotini

et al, (1963); Nishita ef af., (1970) and Sertsu and Sanchez
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TARIE 3.2 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON THE PARTICLE
STZE DISTRIRUTION OF IKENNE SURFACE SOIL (0«15 cm),

Temperature Duration of heating Particle Size
(C) (hrs)
Sand Silt

non* — 82 19

6 83 12

60 12 81 12

24 83 12

6 83 10

100 12 83 10

24 81 10

6 79 10

200 12 79 12

24 79 12

6 95 2

400 12 95 2

24 95 2

6 95 2

600 12 95 2

24 95 2

* Room Temperature (27 C)
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TARIE 3.3 THE FFFECT OF TIME AND TEMPERATURE OF HEATING OGN THE PARTICLE
STZE DISTRTBUTTION OF ONNE SURFACE SOTL  (0-15 cm).

Temperature Duration of heating Particle Size
() (hrs) )

Sand silt Clay

o - 76 6 18
60 6 79 4 17
12 81 2 17

24 79 4 17

6 77 6 17

100 12 77 6 17
24 75 6 19

6 79 4 17

200 12 79 4 17
24 81 2 17

6 95 4 1

400 12 95 2 3
24 93 6 1

6 93 6 1

600 12 95 2 3

24 93 ) 1
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(1978) . The dastructilon of the soil organic matter at high
temperatures causad an lncrease in the aggregation of fine
particles into sand-size fractions, Nishita et af., (1970)
referred to this effect as a calcination process in which

oxides of iron and alumino-~silicates play a very active part.

3.4.2 Effect of heating on the s0il chemical propenties.

(a) Soil pH: 1In both soils, heating at temperatures of
up to 200 C did not result in any marked change on soil pH.
However, when the soils were heated at 100 C for 12 hours,
the pH of the Onne soil dropped by about 0.4 unit (Fig. 3.1).
In general, increasing the temperature of heating appeared
to progressively increase the soil pH of both samples. The
maximum effect was reached by heating at 400 C for 6 hours.
While increased duration of heating at 400 C caused a slight
decline in the pH of the Ikenne soil, that of the Onne soil
was not affected. At the highest temperature (600 C), heating
for six hours resulted in an increase in pH for the Ikenne
soil while that of Onne dropped. Prolonging the time of
heating to 12 and 24 hours did not cause a further pH increase
in the Ikenne or a further decline in the Onne soil.

The pH changes which occurred at high temperatures

could have been due to the oxidation of certain elements
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coupled with the exposure of new surfaces and with colloidal
dehydration. The formation of acid organic compounds due to
a protolytic effect of heat on soils was postulated in
literature cited by Laura (1974) to cause a decline in soil
PH. In contrast, it is probable that the formation of oxides
of certain cations, occlusion of Al in some complex compounds,
formed at high temperatures may be responsible for any ob-
served rise in pH of the Ikenne soil. The differences in the
magnitude of the effect of heat on soil pH between the soils

could be related to the presence or absence of these compounds.

(b) Exchangeable AL and Total Acidity: These parameters
were measured only in the Onne soil which had appreciable
levels of exchangeable Al. The exchangeable Al content was
not influenced by soil heating at 200 C or less for 6 and 12
hours (Fig. 3.2a). Heating to 200 C for 24 hours markedly
diminished the exchangeable Al content of the soil. However,
the total acidity was found to increase substantially when
the soil was heated at 60 and 100 C for 6 hours only (Fig.
3.2b). When the soil was heated at 100C for 12 and 24
hours, respectively, the total acidity declined progressively,
as compared to that of the soil heated at 60 C for 6 hours.
There was,. in general, a pronounced decline in both ex-
chéngeable Al and total acidity at temperatures of 400 and
600 C for all periods of heating. Heating the Onne acid soil

at high temperatures would appear useful in terms of the
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reduction of the total acidity of the soll. Probably, the
formation of oxides of some catlions and/or the occlusion of

Al in some complex compounds was responsible for the reduction.

(c) Organic Carbon (%): There were no marked changes in
the organic carbon contents of either sample when heated up
to 100C for 6, 12 and 24 hours. The minor changes observed
in Figs. 3.2c and 4, could be due to experimental error.
When the soils were heated at 200 C, the decline in the
organic carbon was very pronounced but there were no appre-
ciable differences as a result of the duration of heating.
The decline in Carbon content after heating at 200 C must be
due to the destruction of soil organic matter (Heyward, 1938).
At 400 and 600 C, there was very little carbon remaining in
either soil. This was especially true of the Onne soil. A
similar loss of organic matter due to heat was reported by
Sertsu and Sanchez (1978). The increase in the sand-size
fractions reported earlier, may have been facilitated by the
destruction of organic matter and other colloidal materials

in the soil at high temperatures.

(d) TInorgandic N (NH4~N and N03~N): Heating the two soils
at 100 C and less for 6, 12 and 24 hours had no pronounced

effect on NH,~N (Fig. 3.3). However, heating at 200 C caused

4
an increase in the extractability of NH4—N which was slightly

higher in the Onne soll than in the Ikenne soil. The duration

of heating at 200 C had no effect on the NH,~N content of the

4



EXTRACTABLE NHg4 —N(ppm)
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(a)Ikenne

® 6 hrs.
O |2hrs.
x 24hrs.

(b) Onne

60 100 200 400 600
TEMPERATURE OF HEATING (C)

Fig. 3.3 Effect of Temperature and Time of Heating on

NH4—N Content
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Onne soil but the extractability of NH,~N decreased during 24
hours of heating in Ikenne soil. The lncreased extractability
of NH4—N in both soils was due to the breakdown of the organic
matter at 200 C. Sertsu and Sanchez (1978) obtained a similar
result and postulated that there was a release of NH ,-N which
was retained at exchange sites. While such a retention could
have occurred, the results of the study being discussed,
appeared to indicate a very low NH4—N retention. In consider-
ation of the relationship between C and N in soils, high
temperatures could cause a considerable loss of NH4—N by
volatilization. Debano et afl. (1979), Biederbeck ef af. (1980),
reported an increase in NH4—N due to soil heating. The increase
was attributed by these authors to a protolytic effect as
suggested in literature cited by Laura (1974) in which NH4—N
was postulated to be formed from organic nitrogenous compounds
in soils through chemical reactions caused by heating.

Heating at 400 and 600 C resulted in a complete loss
of extractable NH4-—N° This indicates that high temperatures

caused a complete volatilization of the NH4—N° Heating had

no effect on the NO3—N contents of either sample (Table 3.4).

(4) Availablfe P (Bray 1-P): Heating up to 100 C had little
effect on the available P of either soil (Table 2.5). Heating
to 200 C resulted in increases in the available P. Sertsu
and Sanchez (1978), Kang and Sajjapongse (in press) observed

a similar increase in the available P content due to heating.
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TABLE 3.4 THE EFTECT OF TIME AND TEMPERATURE OF HEATING ON THE NO,-N
CONTENT OF TKENNE AND ONNE SURFACE SOILS (0-15 cm).

3

Soil Temperature of Heating (C) Time of Heating (hrs)
ot 6 12 24
me /100 g

Tkenne Control 0.35 - - -
60 - 0.18 0.70 0.35
100 - 0.53 0.18 0.53
200 - 0.53 0.53 0.18
400 - - 0.18 0.35

600 - - - -

Onne Control 0.35 - - -
60 - 0.35 0.35 0.18
100 - 0.18 0.35 0.53
200 - 0.35 0.35 0.18
400 - 0.18 0.18 0.35
600 - 0.18 0.18 0.18
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TABLE 3.5 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON AVAITABLE P
TN TKENNE AND ONNE SURFACE SOILS (0-15 am).

Soil Temperature of Heating (C) Time of Heating (hrs)

0! 6 12 24
ppm

Tkenne Control 5 - - -
60 - 5 5 6
100 - 6 6 6
200 - 53 59 51
400 - 42 41 40
600 - 39 37 41
‘Onne Control 56 - - -
60 - 53 45 47
100 - 59 47 49
200 - 89 94 91
400 - 37 31 47

600 - 25 42 46
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The latter also found that organic P declined. The marked
rise 1n available P at 200 C i1n both soils was due to organic
matter decomposition at this temperature. The levels extracted
at this temperature were probably related to the initial P
content of the soils. The Onne soil which had a higher initial
P also had a higher available P at 200 C than the Ikenne soil.
There was a slight decline of available P in both soils
when they were heated at 400 and 600 C. Formation of complex
compounds which could occlude P might decrease P extractability

at high temperatures.

(f) Exchangeable Cations: Ca. Heating the Ikenne soil
at 60 C for all times of heating decreased the exchangeable
Ca contents (Fig. 3.4a). This was similar to the effect
observed on the Onne soil except that there was an increase
at 60 C for 24 hours of heating (Fig. 3.4b). While heating
the Ikenne soil at 100 C for all periods markedly increased
extractable Ca content, it decreased that of the Onne soil.
There was no further effect of heating - at 200 and 400 C on
the exchangeable Ca in Ikenne soil. The exchangeable Ca in
the Onne soil increased substantially at 200 C as compared
to exchangeable Ca present when the soil was heated at 100 C.
Heating to 400 and 600 C resulted in a decrease of exchangeable
Ca in the Onne soil. There was a similar decline of the
exchangeable Ca in the Ikenne soil at 600 C and this decline

was more rapid than in the Onne soil. These results show
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no consistent txends. They differ from the results of Nishita
et al. (1970), Kang and Sajjapongse (in press), who found
pronounced reductions of Ca and Mg with heating at 200 C.

The reason for this difference is not known but it could be
related to the differences in the parent materials and the
solubility states of the Ca-containing compounds formed as a
result of heating. Probably, a clay mineralogical investigation,
which was outside the scope of this study would be necessary

to explain some of these observations.

Magnesium: The effect of heating on exchangeable Mg in
the Tkenne soil was similar to that on exchangeable Ca. However,
where heating caused a decline in the extractability of Mg, it
was more rapid and more pronounced than that of exchangeable
Ca. There was no effect of time of heating on the levels of
exchangeable Mg (Fig. 3.4c). In the Onne soil, heating up to
100 C did not affect exchangeable Mg levels (Fig. 3.4d) but
heating at 200 C increased the Mg extracted from this soil.
The time of heating had no pronounced effect. Heating the
Onne soil at 400 and 600 C resulted in a slight increase in
exchangeable Mg. As was suggested earlier in respect of Ca,
the reason for the behavior of Mg due to heating is not known
but it could be related to the effects of dehydration and
oxidation of soil constituents or to complex reactions which

might influence the solubility and extractability of the cations.
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Potassdumt Heating the soils up to 200 C did not affect
the exchangeable K, although it appeared that the initial K in
the soils was high (Table 3.6). This high initial K content
may have been an error of estimation. For the Ikenne soil,
heating at 400 C had no effect but there was a slight decrease
in exchangeable K content at 600 C. Heating the Onne soil at
400 C resulted in an increase in exchangeable K but at 600 C,
the exchangeable K declined to the original levels. The destruc-
tion of the organic matter as well as the distortion of the layer
silicate days could cause an increase in exchangeable K but the
magnitude of the effects of the two processes on the K content
of the samples is not known. It would appear that soil heating

in general did not affect exchangeable K in any distinct manner.

(g) Avadilable Micronutrients: Zinc. Heating the soils at
200 ¢ had no effect on available Zn extracted by 0.1N HCI.
Heating at 400 C increased the available Zn in Ikenne especially
for 12 hours where a peak was reached (Table 3.7). A similar
effect was observed in the Onne soil but the highest amount
was extracted at 400 C for 6 hours of heating. While heating
at 600 C caused a decline in available Zn in Ikenne soil, there
was no effect in the Onne soil. Heating appeared to increase
the solubility of Zn containing compounds and hence, increased
the extractability of the Zn. This effect may vary with soils
depending on the content of the Zn compounds as well as their

solubilities, Sertsu and Sanchez  (1978), reported that heating
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TABLE 3.6 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON AVATILABLE K
IN TKENNE AND ONNE SURFACE SOILS (0-15 cm).

Soil ‘Temperature of Heating (C) Time of Heating (hrs)
0! 6 12 24
me K/100g

Tkenne Control 0.17 - - -
60 - 0.09 0.09 0.09
100 - 0.09 0.10 0.10
200 - 0.09 0.09 0.10
400 - 0.09 0.11 0.11
600 - 0.04 0.05 0.05

Onne Control 0.10 - - -
60 - 0.08 0.09 0.08
100 - 0.08 0.09 0.09
200 - 0.09 0.09 0.10
400 - 0.17 0.19 0.19

600 - 0.08 0.07 0.08
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TABLE 3,7 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON THE ACID
(0.1N Hcl) EXTRACTABLE Zn IN IKENNE AND ONNE SURFACE (0-15 cm)

SOILS.
Scil Temperature of Heating (C) Duration of Heating (hrs)
} ! 6 12 24
Ppm Zn

Tkemne Control 1.24 - - -
60 - 1.28 1.28 1.36
100 - 1.32 1.68 1.24
200 - 1.56 1.56 1.44
400 - 1.88 2.16 1.72
600 - 1.40 1.32 1.32

Onne Control 0.76 - - -
60 - 1.04 0.76 0.72
100 - 0.80 0.72 0.80
200 - 0.96 0.84 0.84
400 - 1.92 1.64 1.72

600 - 1.56 1.56 1.44
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did not influence the extractability of Zn and Cu,

Manganese: The exchangeable Mn in Ikenne soil decreased
when the soil was heated at 60 C (Table 3.8). Heating at 100
and 200 C caused pronounced increases in the exchangeable Mn
in this soil. The increase was greater at 200 than at 100 C.
Heating at 400 and 600 C resulted in a decrease in exchangeable
Mn to levels comparable with the initial level. There was no
effect of heating at 60 and 100 C on exchangeable Mn in Onne
soil but heating 200 and 400 C doubled the extractable Mn in
this soil. However, there was a noticeable decline in the
Mn level after heating for 24 hours at 400 C. The Mn levels
dropped to the initial level in the Onne soil when it was
heated at 600 C. The peaks in exchangeable Mn in both soils
at 200 C resembled the trend shown for NH4—N indicating that
the breakdown of organic matter at that temperature also

affected the exchangeable Mn levels.

Tron: At 60 C and 6 hours of heating, the extractable
Fe in the Ikenne soil increased two-fold but was not affected
by heating for 12 and 24 hours (Table 3.9). Heating at 100 C
increased the extractable Fe in the Ikenne soil and time of
heating had no effect. Heating at 60 and 100 C increased the
Fe extractable from the Onne soil and prolonging the heat-
ing time increased the extracted amounts of Fe. In both soils,
heating to 200, 400 and 600 C markedly increased the extractable

Fe. The red color hues described earlier must be related to
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TABLE 3.8 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON THE
EXTRACTABLE Mn IN IKENMNE AND ONNE SURFACE SOILS (0-15 cm).

Soil Temperature of Heating (C) Duration of Heating (hrs)
o 6 12 24
me/100 g

;kenne Control 0.08 - - -
60 - 0.02 0.02 0.02
100 - 0.40 0.44 0.46
200 - 0.84 0.79 0.82
400 - 0.06 0.05 0.05
600 - 0.04 0.04 0.03

Onne Control 0.02 - - -
60 - 0.02 0.02 0.02
100 - 0.02 0.02 0.02
200 - 0.04 0.04 0.04
400 - 0.04 0.03 0.02

600 - 0.02 0.02 0.02
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TABIF 3,9 THE EFFECT OF TIME AND TEMPERATURE OF HEATING ON THE ACID
(0,1N Hcl) EXTRACTARLE Fe in IKENNE AND ONNE SURFACE (0-15 cm)

SOILS.

Soil Temperature of Heating (C) Duration of Heating (hrs)

o' 6 12 24
ppm Fe

Tkenne Control 4 - - -
60 - 8 4 4
100 - 6 7 7
200 - 58 52 54
400 - 91 135 112
600 - 159 161 171
_Onne Control 51 - - -
60 - 61 62 62
100 - 64 70 77
200 - 131 135 138
400 - 158 162 143

600 - 244 207 186
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these elevated levels of extractable Fe and to the hydration
and oxidation states of the lon. In some way, the dehydration
process and increase in Fe contents due to heating must deter-
mine the onset of organic matter destruction and the aggrega-
tion of fine soil particles which follows the destruction.

The redder hues of the Onne soil, probably, reflected either

a greater dehydration or a greater increase in the Fe content

of the soil at high temperatures.

3.4.3 The effect o Sodl heatding on maize growth, dry matiten
production and minernal nutrition.

(a) Plant Heights: Heating the soil at 100 C did not have
any effect on the height of unfertilized plants at the 2nd,
3rd, and 4th weeks of growth, respectively (Fig. 3.5 a-c and
App. 3.1-3.3). The height of unfertilized plants was dep-
pressed when the soil was heated at 200 C bu; only the depres-

IR,

t

sion at the 2nd week was significant (Appendlx tables) . Heating at 600C
also resulted in the depression of plant height. The reduction in
plant height at 600 C was significant at the 4th week of growth
as compared with plants growing on check soil and on soil
heated at 100 C. There were no significant differences in
height between plants growing on soil heated at 200 and at
600 C.

Fertilizer treatment containing all nutrients increased
plant helghts at each temperature level and at all stages of

growth. As was the case with unfertilized plants, heating the
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soll at 100 C did not cause any detrimental effect on the height

of fertilized plants. Heating at 200 C depressed the height of

fertilized plants and the depression was significant at the
3rd and 4th weeks of growth. The height of plants growing
on soil heated at 200 C was depressed as compared with the
plants growing on soil heated at 100 C and the height differ-
ence was significant at the 2nd week of growth. When the soil
was heated at 600 C, height of fertilized plants was increased
in the 2nd week, as compared with other temperature treatments.
The difference in height was significant between plants grow-
ing on soil heated at 200 and at 600 C, in the 2nd week. 1In
the 3rd week, plants growing on solil heated at 600 C were
taller than those growing on soil heated at 200 C but the
difference was not significant. In the 4th week, plants
growing on soil heated at 600 C were shorter as compared with
any of the other temperature levels. The difference in height
at this time was significant between the plants growing on
soil heated at 600 C and those on the unheated (check) soil.
In the first two weeks of growth, no element appeared
to particularly limit plant heights but without N, K and Ca,
plant heights were similar to the heights of those growing
on unfertilized soil (App. 3.1). In contrast, without P, Mg,
Zn and S, plant heights were similar to the heights of those
growing on soil fertilized with all nutrients. In the third
week, plants receiving all fertilizer treatments were sig-

nificantly taller than those of.the check or those without
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N, P or Ca (App. 3.2). In the fourth week, a similar trend
was obtained but the effect of Ca was lntermedlate. Plant

heights were not affected when Mg, Zn or S was not applied.

(b) Dry Matten Production: Heating the soil tended to
reduce the yield of dry matter (Fig. 3.5d). This reduction
was statistically significant for the temperature means when
the soil was heated at 200 C (App. 3.4). There were yield
increases of dry matter due to N, P, K or Ca. Based on the
nutrient combination means, only the response to P was signi-
ficant. This result was a further confirmation of results
discussed in Chapter 2 with respect to the significance of P
application. The dry matter yield was depressed by Zn or S
application but only the depression due to S was significant.
The negative response to Zn may be due to its initial high

content.

(c) Mineral nutrnition: Nitrogen. The concentration of
N in the plants differed significantly among the temperature
treatment means (Fig. 3.6a and App. 3.5). The trends showed
that N content at 200> 100> check> 600 C. The low N content
at 600 C was due to the loss of virtually all of the N due to
high temperature. Heating at 200 C resulted in a significantly
higher N concentration than at any other temperature. This
was probably related to the poor plant growth at that tempera-

ture. Therefore, N content in the plant at this temperature
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was not due to increased NH,-N extractability or retention
of the NH4HN on the exchange complex as postulated by Sertsu
and Sanchez (1978). There was no evidence of this type of
retention in this investigation.

Nitrogen application significantly increased N content
in the plant but the significant increase of N content due to
Zn or S resulted from the depression of dry matter by either
Zn or S.

The uptake of N did not differ significantly among the
temperature treatment means except at 600 C where the uptake
was significantly lower than at any other temperature (Fig.
3.6b and App. 3.6). HNitrogen and P application significantly

increased N uptake.

Phosphorus : The concentration of P in the plant was
not significantly affected by heating at 100 C. Heating at
200 C significantly increased P content in the plant (Fig. 3c
and App. 3.7). Heating at 600 C significantly depressed the
P content. Although the yield of dry matter was decreased
by heating at 200 C, the extractability of P increased at
this temperature. Unlike NH4—N which could be volatilized,
some of the P may have been retained and taken up by the
plant at 200 C. This increased extractability could have
resulted in increased P content in the plant at this tempera-
ture. However, total uptake of P at 200C (Fig. 3.6d and

App. 3.8) was lower than in the check. Therefore, the high P
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content in plant at 200 C was more probably due to decreased
dry matter than to ilncreased avallable soil P. The adsorption
of P by this acid soil may account for the generally low
recovery of P in this investigation.

Other nutrients depressed the uptake of P but only the
depression due to N and K was significant. The application

of P significantly increased P uptake.

Potassium: Neither the X content in the plant nor the
total uptake differed significantly between plants growing on
soil heated at 100 C and those on the check soil (Figs. 3.6 e
and f£; App. 3.9 and 3.10). Based on the temperature means,
heating at 200 C significantly increased XK concentration but
also significantly depressed total K uptake. Where no K was
added, heating at 200 C significantly increased K content in
the plant but the reduction of the uptake was not significant.

Heating the soil at 600 C significantly decreased K
content as compared with other temperature treatments. This
was true also where no K was added. The uptake of K when
the soil was heated at 600 C was significantly lower than the
uptake at check soil and at 100 C but comparable to the uptake
at 200 C.

Nitrogen and P application significantly depressed the
K content and P also significantly increased total K uptake.
The application of K significantly increased K content and

uptake. There was a close similarity between the dry matter
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yield and K uptake indicating that the uptake of K was de-

pendent on the dry matter yields.

Calelum: The Ca content and uptake in the plant were
not significantly influenced by heating the soil to 100C
(App. 3.11 and Fig. 3.7a). When the soil was heated at 200C,
there was a significant depression in Ca content and uptake,
based on the temperature treatment means. Therefore, Ca was the
only -element that was less with the low dry matter yield obtained
when the soil was heated at 200 C. Calcium was thus a major
factor influencing the production of dry matter when the soil
was heated at 200 C. The Ca content in the plant was signifi-
cantly increased when the soil was heated at 600 C as compared
with other temperature levels. The uptake of Ca at 600 C was
higher than at any other temperature level and the difference between
200 and 600 C was significant (App. 3.12).

The application of N significantly increased Ca content
and uptake but P application had the opposite effect. The
depression of Ca content due to P was significant. The uptake
of Ca in check was similar to that without N or P. Probably,
Ca influenced the response to N and P and was also related to
the dry matter production. Response to Ca was not significant
probably as a result of the low level (20 ppm) of Ca applied.

The extractability of Ca from heated soil was not
related to the plant concentration of this element, For exam-

ple, heating the soil at 100 C decreased Ca extractability but
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the Ca content in the plant was not affected, While Ca
extractability increased when the soil was heated at 200C,
the plant Ca content declined significantly at 200 C. The
exchangeable soil Ca was decreased by heating the soil at
600 C but the plant content increased significantly at this

temperature as compared with the check.

Magnesium: The plant Mg content was not affected by
heating the soil at 100 or 200 C but heating at 600 C signifi-
cantly increased the Mg content in the plant (App. 3.13 and
Fig. 3.7b). Heating the soil at 100 or 200 C lowered total
Mg uptake and the decrease at 200 C was significant. When
the soil was heated at 600 C, the uptake of Mg was signifi-
cantly increased (App. 3.14 and Fig. 3.7c). The increase

in Mg content and uptake at 600 C may probably be related

to the increased extractability of Mg at this high temperature.

Zinc: Heating the soil at 100 or 200 C did not affect
the plant Zn content. When the soil was heated at 600C, the
Zn content in the plant decreased significantly although the
extractability was increaseéd by heating at 600 C (App. 3.15).
The application of P significantly decreased the plant Zn
content which was generally higher where P was not applied.

There may have been an interaction between P and Zn.
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3.5 Summary and Conclusilon,

The direct effects of heating on the properties of Ikenne
and Onne soils as well as crop response to fertilizer applica-
tion on heated soil were investigated in laboratory and green-
house conditions, respectively.

Heating the soils at temperatures up to 200 C or less
did not influence the physical properties of the soils.
Heating the soils at 400 - 600 C changed the color and texture
of the soils and resulted in changes in the chemical properties
of the samples. However, high temperatures had variable ef-
fects on the extractability of soil nutrients.

The effect of heating of soil that accompanies bush
fallow burning in the field depends on factors such as the
magnitude of the temperature attained. The effects of high
temperatures on soil properties obtained in the laboratory
may not occur in the field because the heating may not be
csufficiently prolonged and intense as to effect dramatic
changes. The observations in the field where burning or
heating was prolonged and intense confirm the changes in soil
properties obtained at high laboratory temperatures. Such
changes occurred in isolated field spots and therefore, do
not prevaill over a large cultivated area.

Heating the Onne soil at temperatures of 200 and
600 C resulted in a significant reduction in plant growth,

dry matter production and mineral uptake. The increase in
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the extractabllity of some elements which occurred when the
soil was heated at 200 C was not reflected in improved plant
growth and nutrition. The increases usually reported as

being due to burning may be partly due to the effect of heat
but probably, it could be due more to biological mineralization
in the field prior to the burning of the fallow residues.

This contention is supported by the fact that the nutrient
release due to soil heating was not effective in improving

the production of dry matter.

Fertilizer application improved plant growth and nutri-
tion but did not completely eliminate the detrimental effect
of heating the soil at 200 or 600 C. The strongest nutrient
response was due to P although Ca was the controlling factor
when the soil was heated at 200C,

Tt is concluded from this investigation that light
burning in which soil temperatures are lower than 200 C and
sustained for less than six hours is neither destructive
of soil properties nor detrimental to plant growth, dry
matter production and mineral nutrition. Higher soil tem-
peratures than 200 C exert the opposite effects. Fertilizer
application improves the plant growth and performance but may
not completely eliminate the detrimental effect of heating at

high temperatures.



Chapter 4: A Comparison of Mulching and Burning, With and Without
Fertilizer Application on Crop Performance and Yields on

the TIkenne Alfisol in Southwestern MNigeria.

4.1 Introduction and Literature Review

Alfisols and Ultisols are the most widely cultivated
soils in many areas of Southern Nigeria. The Alfisols are
more fertile than the Ultisols because of their higher cation
exchange capacity. Aluminum toxicity which is a concern on the
Ultisols is not regarded as a major problem on the Alfisols
because of low exchangeable Al contents.

Prior to bush and forest fallow slashing, most of the
plant nutrients are held in a closed cycle between the soil
and the vegetation on it (Nye and Greenland, 1960). When the
fallow vegetation is burned in preparation for cropping, volatile
elements such as N and S are lost while the non-volatile ones
such as Ca, Mg, P and K are deposited on the immediate soil
surface in the form of ashes. These inorganic elements can
be lost by leaching if the rainfall is high.

In most of Southern Nigeria, increase in population and
other land use needs are decreasing the availability of arable
lands. Cropping on the presently cultivated soils has become
more regular and this is taxing their productivity. The amounts

of fallow biomass, stored nutrients and those recovered as ash



=131~

have decreased hecause the time of fallowing has shortened.
As a result, the traditional method of slash and burn is no
longer considered an efficient system., Retention of plant
residues as mulch has been shown to improve crop yields
(Jack et al, 1955; Jurion and Henry 1967; Ayanaba and Okigbo
(1974). It was suggested by these investigators that the
beneficial role of the mulch was due to its physical influence
on the soil and to the release of nutrients during its de-
composition. Other studies by Okigbo (1965; 1969); Kang (1972);
and Lal (1973; 1974) confirm similar results. Many IITA studies
favﬁur the retention of fallow and crop residues on Alfisols
because the removal of the residues have been shown to cause
rapid decline of soil organic matter and crop yields (IITA
Annual Reports, 1972-1974). Studies by Lal (1975, 1979) showed
that the retention of residues as mulch (4-6 tons/ha) caused
an effective absorption of the impact of raindrop and reduced
surface run-off. The mulch helped to maintain a favourable
rate of infiltration and improved crop growth and vigor.
Akobundu (IITA Annual Report, 1976) indicated that the retention
of maize stovers and Andropogon straw as mulches was helpful in
suppressing weed growth and increasing the yields of selected
crops.

Fertilizer responses have been widely reported on the
Alfisols in Southwestern Nigeria. Increases in crop yields
due to fertilizer application on this soil type were obtained

by Agboola (1968). Ammon and Adétunji (1968, 1970 and 1973);
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Fayemi (L266); Brederce (1962); Adetunji and Agboola (1973).
Responses to N and P were more frequently observed than to
K on the Alfisol at Ikenne. On the Egbeda Alfisol, where
NPK alone did not produce any significant yield responses,
Kang (personal communication) found marked responses to
micronutrients, especially Zn, applied with NPK.

Increases in crop yvields due to fertilizer and mulch
application were obtained by Okigbo (1965 and 1969) but these
were suggested to be confounded by the fertilizer and mulch
treatments used. Some workers in Southern Nigeria have sug-
gested that some fallowing might still be necessary even with
an increase in fertilizer use in Southwestern Nigeria.

Amon (1965); Ammon and Adetunji (1968, 1970 and 1973) reported
that in a long term rotational trial involving maize, yam and
cassava, high yields could not be sustained with inorganic
fertilizer application without a fallow period. Piggot (1954)
found that after a short fallow period in Sierra Leone, there
was a large crop yield increase due to N and P. Probably, N
and P may have been limiting as a result of shortened fallow
time. Nye (1952), reported that after a fallow rest in Ghana,
the application of only 135 kg/ha of Superphosphate resulted
in a 27 percent increase in maize grain yield. Kang e%aﬁ.(l97ﬂ
suggested that the need to fallow may be eliminated on the
Alfisols with fertilizer application and a proper crop hus-
bandry and rotation. Such a system, as suggested by Kang,

can sustain soil fertility and fairly high levels of crop
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yields on the more fertile Alfisols. The reason for the
differences of opinions expressed above may be the level of
management involved in the studies.

The burning of fallow residues may, for a long while,
remain a part of the agricultural system in Southern Nigeria.
As the decline in the fallow properties continues, there may
be little justification for burning the residues. This will
be particularly true since the nutrient effect of the ash is
low. There is a scarcity of information on the effect of
burning and fertilizer application on crop yields. The
Nigerian government support for the use of fertilizers by the
local farmers to increase production needs to be supported by
appropriate studies, which will integrate fallow management
and fertilizer application. The information obtained could
be useful in advising the subsistence farmers on the efficient
management of their fallows on a more profitable basis.

A field study was therefore established on the Ikenne
Alfisol to (a) compare the effects of mulching and burning of
fallow residues on crop vields and (b) evaluate crop re-
sponses to fertilizer treatments under either method of residue

management.
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4,2 Materials and Methods

The Tkenne site which was within the Experimental Station
of the University of Ife, Nigeria was selected and described
in late November, 1977. Detalls of the site were given in
Chapter 2. The site was slashed of the standing vegetation
in mid~February, 1978 using labour provided by the local people.
The residues were alloWed to dry through the remaining period
in February, 1978. Then, in early March, the site was sub-
plotted using a split-plot design in order to compare the
effects of two main treatments of (a) Mulching and (b) Burning
of the fallow residues. Following the field lay-out, the plots
that were to be burned were fired as individual units using
the same group of local farmers. The use of the local people
was to ensure that as far as was possible, the traditional
method of burning was achieved.

The subplot treatments consisted of fertilizer combinations
of check (no fertilizer); PK; NK; NP; NPK and NPKMgZn applied to
. the first maize crop in 1978. Prior to fertilizer application
in the mulched plots, the dry fallow residues were re-slashed
and raked to a portion of the plot in order to facilitate
fertilizer application. The appropriate fertilizer combinations

were thoroughly mixed, broadcast and worked into the top soil

o using a rake. This was done for both main treatment after which,

the residues of the mulched plots were uniformly raked back
within the plots,

Nitrogen was applied in two applications; 150 kgN/ha broad-

cast at planting using Calcium ammonium nitrate [Ca(NH4NO3)2]
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and 50 KgN/ha was silde~dressed four weeks after planting

using Urea. Phosphorus, K, and Mg were applied at the rate

of 30 kg/ha of each element using Single superphosphate,
Muriate of potash and hydrated Magnesium sulphate, respectively.
The zinc applied was at the rate of 5 kgZn/ha using Zinc
sequestrene,

Three seeds of maize (Cy TZPB) treated with Aldrex T
were planted on March 13, 1978 a week after fertilizer appli-
cation in each hill using a spacing of 1lm x 30cm in plots
of 30 sg. metres. Two weeks later, the plants were thinned
to one per hill giving a population of 33300 plants per

hectare.

Weed Contrnol: Preplanting weed control was achieved
by spraying with paraquat a day before planting. During the
growing season, weeds (predominantly Eupafordium ¢odorafum) were
either slashed or hoed as was required to maintain a clean
seedbed.

The maize was harvested on June 27, 1978 and the stover
residues were left on the soil as mulch materials. During
the period before the next crop (cowpea) was planted, the
fast growing weeds were slashed within the plots and later
sprayed with paraquat. On August 29, 1978, cowpea seeds
innoculated and treated with furadan were planted at a
spacing of Im x 25cm within the same plot areas used for

the maize. After establishment, the plants were thinned to
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one per hill. At six weeks after planting, all N~receiving
plots were side-dressed with 60 kgN/ha using Calcium ammonium
nitrate. Nitrogen was added mainly to ensure that N was not
limiting. No other nutrient was applied to the cowpea and
weeding was carried on as previously described for the maize
(P and K were not added to the cowpea in order to assess the
residual effects of the nutrients applied earlier in 1978).

Harvesting of the cowpea was done as frequently as
possible since the pods were ready at different times. However,
two major harvests were carried out on November 20, and Decem-
ber 8, 1978. The pods were air-dried and then shelled for seed
yields (14% moisture content). The stover was left on the soil
as mulch as was the case with the 1978 maize.

In early March, 1979 the weeds that had grown after the
cowpea, were slashed and the field was again prepared for maize.
The same fertilizer treatments as in 1978 were applied using
the same sources. On March 25, 1979 maize (Cv TZB) was planted
using the same spacing as in 1978. Harvesting was on July 1le¢,
1979. Other management practices were similar to those used in

- 1978.

Crnop Assessments and Analyses: For the two maize crops
in 1978 and 1979, plant samples were taken at the time of
thinning, for tissue dry matter and mineral contents. At
silking, earleaf samples were similarly assessed. Stover and
grain yields (12% moisture content) were evaluated at harvest
and subsamples were taken for nutrient analyses. For the cowpea,

the index leaf at flowering, seed yields and seed weights were

the evaluated parameters.
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4,3 Results and Discussion
4.3,1 Dry Mattern Ydields of Madze and Mineral Nutrition at Two
weeks agtern Planting (ZWAP)

The plants in burned plots established faster than those
in mulched plots based on field observations. The dry matter
yield of the plants at 2WAP did not differ significantly
between mulching and burning as shown by the means of the two
residue treatments (Table 4.1). However, the dry matter vields
due to mulching were consistently higher than those due to
burning at all fertilizer treatments.

The addition of NPX significantly increased the dry
matter yields of the plants as compared with the check. The
responses due to N and P were significant indicating that the
response to NPK was essentially due to N and P. There were
no significant responses to K or to the addition of MgZn at
this stage of growth.

The plant contents of N, X, Ca, Mg and Zn did not differ
significantly between the main treatments (Table 4.2). However,
the plant P content was significantly higher under mulching
than under burning while the Mn content was significantly
higher under burning than under mulching. The application of
N significantly increased the plant content of N and also
significantly decreased the concentration of Ca, based on
the nutrient means (Table 4.3a). The lncrease in N content
due to N application was significant only under mulching as

in Table 4.2. The application of P based on nutrient means,
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TABLE 4.1  THE EFFECT OF FERTILIZER APPLICATION AND FALLCW RESIDUE
MANAGEMENT ON MATZE DRY MATTER YIELDS AT TWO WEEKS AFTER
PLANTING (2WAP) .

Fertilizer Treatments Residue Management Fertilizer Means
Mulching Burning
gm/plant
Control 7.9 5.3 6.6
PK 9.2 8.7 9.0
NK 8.5 6.3 7.4
NP 14.7 9.4 12.1
NPK 13.9 10.8 12,4
NPKMgZn 16.4 9.8 13.1

Residue Management

(Main Treatment) Means 11.8 8.4 10.1
Isd (0.05) (1) Between Main treatment means (3.6)
(ii) Between Fertilizer means (1.9)

(1ii) Between Fertilizer treatments under
one Main treatment (2.7)

(iv) Between Main treatment yields at
the same fertilizer treatment (4.3)
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TABLE 4.2 THE EFFECT OF FERTILIZER APPLICATTON AND FALIOW RESIDUE
MANAGEMENT ON THE NUTRIENT CONTENTS IN MATZE AT TWO WEEKS
AFTER PLANTING (2WAP) .
Treatments
Residue Fertilizer N P K Ca Mg Zn Mn
Management Application 2 ppm
Mulch Control 3.62 0.30 3.88 0.57 0.75 47 120
PK 3.65 0.44 4.73 0.55 0.70 42 113
NK 4.15 0.29 5.14 0.47 0.61 49 139
NP 4,68 0.44 3.80 0.53 0.74 41 120
NPK 4,76 0.44 5.46 0.42 0.61 42 120
NPKMgZn 4,45 0,43 4.87 0.48 0.64 51 124
Means 4,22 0.39 4.65 0.50 0.68 45 123
Burn Control 3.54 0.23 3.16 0.70 0.75 42 154
PK 3.92 0.37 4.31 0.58 0.70 39 143
NK 3.47 0.24 4.66 0.56 0.57 40 191
NP 4.06 0.34 3.86 0.57 0,70 40 154
NPK 4,01 0.33 4.19 0.53 0.64 43 158
NPKMgZn 4.47 0.32 5.05 0.47 0.6l 45 161
Means 3.91 0.31 4.21 0.57 0.66 42 160
LSD (0.05) (i) 0.38 0.02 1.74 0.12 0.1l6 13
(ii) 0.65 0.04 1.40 0.10 0.12 32
(iii) 0.69 0.04 2.10 0.15 0.19 31

(1)

(i1)

(iii)

Between Main treatment means

Between Fertilizer treatments under

one Main treatment

Between Main treatment concentrations
at the same Fertilizer treatment
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TABIE 4.3 THE EFFECT OF FERTTILIZER APPLICATION ON NUTRIENT CONTENTS
AND TOTAL UPTAKE IN MATZE AT TWO WEEKS AFTER PLANTING (Z2WAP) .

. a) Fertilizer Treatment Nutrient Contents

N P 4 Ca Mg Zn  Mn

% ppm
Control 3.58 0.27 3.52 0.64 0.75 45 137
PK 3.79 0.41 4.52 0.57 0.70 41 128
NK 3.81  0.27 4.90 0,52 0.59 45 165
NP 4,37 0.39 3.83 0.55 0.72 41 137
NPK 4,39 0.39 4.83 0.48 0.63 43 139
NPKMgZn 4.46 0.38 4.96 0.48 0.63 48 143
Lsd (0.05) 0.46 0.03 0.98 0.07 0.09 5 22

b) Fertilizer Treatment Nutrient Uptake

N P K Ca Mg Zn  Mn
mg/plant ug/plant
Control 235 18 255 41 48 299 843
PK 335 37 415 46 63 354 1132
NK 287 20 377 38 44 337 1177
NP 532 49 473 65 87 494 1585
NPK 543 49 601 58 77 520 1682
NPKMgZn 588 51 610 62 83 640 1818

Lsd (0.05) 93 9 189 11 13 101 296
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significantly increased N and P contents in the plant. The
plant content of K was significantly increased following K
application which significantly reduced Ca and Mg
contents probably due to the inter-relationships among these
elements. An excessive supply of K has been postulated by
Barber (1968) to reduce Ca and Mg uptake. Such a reduction
could occur if the K level in this soil was more than required
for optimum growth. The lack of significant response to K may
be partly indicative of the adequacy of K. There was no sig-
nificant effect of the addition of MgZn on the plant content
of Mg but it significantly increased the concentration of Zn
in the plant.

The total uptake of nutrients at 2WAP showed that mulching
was better than burning. The uptake of N, P, Ca, Mg and Zn was
significantly higher under mulching than under burning (Table
4.4). The higher uptake of these elements due to mulching
resulted from the higher dry matter yields obtained as a result
of the mulch treatment. The mulch effect on P uptake at this
stage of growth is real, since the higher yields due to mulching
are not reflected in a dilution of plant P content.

The application of NPK resulted in a significant increase
in the uptake of the elements but only the effects of N and P
components of the fertilizer were significant, based on the
means of the fertilizer treatments (Table 4.3b). There was
no significant reduction in the uptake of Ca and Mg due to K.

Therefore, the reported effect off K on plant contents of Ca
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TABLE 4.4 THE EFFECT OF FERTILIZER APPLICATION AND FALION RESIDUE .
MAMAGEMENT ON THE TOTAL NUTRIENT UPTAKE IN MATZE TOPS ZWAP.
Treatment

Residue Nutrient N P K Ca Mg Zn Mn
Management  Combinations mg/plant ug/olant
Mualch Control 283 24 337 44 56 372 890
PK 330 41 452 41 64 383 1013

NK 353 25 435 40 51 416 1160

NP 687 65 553 77 109 604 1770

NPK 652 6L 756 59 85 579 1670

NPKMgZn 739 71 730 77 104 838 2060

Means 507 48 544 56 78 532 1427

Burn Control 18 12 173 37 39 226 795
PK 340 32 377 51 61 324 1250

NK 221 15 319 35 36 257 1193

NP 376 33 392 52 64 383 1399

NPK 434 36 446 57 69 460 1693

NPKMgZn 436 31 490 46 6l 441 1575

Means 332 27 366 46 55 349 1318

Isd (0.05) (i) 112 14 349 9 13 182 418

(ii) 132 13 268 15 19 143 418

(iii) 121 18 416 16 21 219 553

*
Weeks after planting.

(1) Between Main treatment means
Between Fertilizer treatments under

(i)
one Main treatment
(1i1)

Between Main treatment concentrations

at the same Fertllizer treatment
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and Mg was not due to excessive K level. The depression of
Ca and Mg contents in the plant following K application was
probably a result of dilution.

From these results, N and P would appear to be the two
most essential elements required on this Alfisol to ensure a

satisfactory early maize growth and mineral nutrition.

4,3.2 Dry maitten yields of Earnfeaqg Samples, Nutrient Contents
and Uptake.

The dry matter yields of the earleaves of maize at
silking were not significantly different between mulching and
burning as indicated by the main treatment means (Table 4.5).
The addition of NPK significantly increased the earleaf dry
matter yields as compared to the check but only the responses
due to N and P were significant. The addition of MgZn did not
result in any significant effect on the earleaf dry matter
yields.

The plant contents of the elements did not differ sig-
nificantly between mulching and burning (Table 4.6) although
the mean concentrations of N, P and K were lower than the
levels considered adequate in the earleaf tissue (Barber and
Olson, 1968). The low contents of these elements were parti-
cularly true where they were not applied. The levels of Ca,
Mg, Zn and Mn seemed adequate by the same standard.

Based on the nutrient means (Table 4.7), the plant N content

was not significantly affected by N application which signi-
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TABIE 4.5 THE EFFECT OF FERTILIZER APPLICATION AND FALIOW RESIDUE
MANAGEMENT ON THE DRY MATTER YIELD OF MATZE EARLEAT SAMPLES.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
gn/leaf Combination Means

Control 3.8 3.2 3.5
PR 4.1 4.0 4.1
NK 4.1 3.8 4,0
NP 4.5 4.0 4.3
NPK 4.6 4.5 4.6
NPKMgZn 4.6 4.7 4,7
Residue Management Means 4,3 4.0 4,2
Isd (0.05) (i) Between Main treatment means (0.6)
(ii) Between Fertilizer means (0.4)

(iii) Between Fertilizer treatments under
one Main treatment (0.5)

(iv) Between Main treatment yields at
the same fertilizer treatment (0.7)
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TABLE 4.6 THE EFFECT OF FERTILIZER APPLICATION AND FALLON RESIDUE
MANAGEMENT ON NUTRLENT CONTENTS IN THE EARLEAR SAMPLES,

Treatment

Residue Nutrient N P K Ca_ Mg Zn_Mn
Management Combinations % ppm
Mulch Control 2.48 0.22 1.69 0.48 0.55 26 53
PR 2.38 0.36 1.90 0.48 0.52 19 53

NK 2.37 0.19 1.76 0.48 0.53 27 64

NP 2,61 0.35 1.39 0.68 0.79 24 83

NPK 2,55 0.35 1.88 0.61 0.68 21 75

NPKMgZn 2.70 0.33 1.64 0.63 0.68 24 79

Means 2.52 0.30 1.71 0.56 0.63 24 68

Burn Control 2.36 0.28 1.88 0.56 0.57 24 56
PK 2.33 0.33 2.02 0.52 0.54 20 53

NK 2.62 0.28 1.95 0.55 0.57 24 75

NP 2.55 0.33 1.38 0.65 0.76 22 86

NPK 2.61 0.34 1.71 0.683 0.72 21 75

NPRMgZn 2.73 0.33 1.81 0.59 0.65 22 64

Means 2.53 0.32 1.79 0.59 0.64 22 68

Lsd (0.05) (i) 0.34 0.04 0.35 0.07 0.12 1 14

(ii) 0.32 0.03 0.37 0.10 0.11 17

(iii) 0.43 0.05 0.47 0.11 0.15 17

(i) Between Main treatment means

(ii) Between Fertilizer treatments under

one Main treatment

(iii) Between Main treatment concentrations
at the same Fertilizer treatment
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Pertilizer Treatment

Nutrient Contents

N P K Ca Mg Zn  Mn
3 ppm

Control 2.42 0.25 1.79 0.52 0.56 25 55
PK 2.36  0.35 1.96 0.50 0.53 20 53
NK 2.50 0.24 1.86 0.52 0.55 26 70
NP 2.58 0.34 1.39 0.67 0.78 23 85
NPK 2,58 0.35 1.80 0.65 0.70 21 75
NPKMgZn 2.72  0.33 1.73 0.61 0.67 23 72
ILsd (0.05) 0.23 0,02 0.26 0.07 0.08 3 12
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ficantly increased Ca and Mg contents, The contents of P, Ca
and Mg increased significantly as a result of P addition but
the Zn content was significantly reduced. The addition of K
significantly increased plant K content and also resulted in

a significant depression in the plant content of Mg probably
due to dilution. There was no significant effect of the
addition of MgZn on the plant concentration of the two elements.
However, P content in the plant was significantly reduced by

MgZn application.

4.3.3 Grain ydields; the nutrdient concentration and Zthe fotal
nutrient uptake in the grain.

The average grain yields of maize (4981 kg/ha) obtained
at the Ikenne site in the first year of bush fallow cultiva-
tion were comparable with those reported by other IITA workers.
These yields indicate that with good management, high maize
vields can be obtained on this Alfisol. There were no signi-
ficant yield differences between mulching and burning of the
fallow residues (Table 4.8). However, yields of maize due
to mulching were higher than those due to burning at each
fertilizer treatment.

The addition of NPX significantly increased the grain
yields of maize as compared to the check; Responses to the
individual elements were not significant. The addition of
MgZn in the first year resulted in a significant increase

in the yields of maize. The yields obtained without fertilizer
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TABLE 4.8 THE EFFECT OF FERTILIZER APPLICATION AND FALLCW RESIDUE
MANAGEMENT ON MATZE GRAIN YIELD AT TKENNE.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
' kg/ha Combination Means

Control 4228 3706 3967
PK 5069 4830 4950
NK 4939 4812 4876
NP 5205 4720 4963
NPK 5327 5275 5301
NPKMgZn 5838 5824 5831
Residue Management Means 5101 4861 4981
Lsd (0.05) (i) Between Main treatment means (835)
(ii) Between Fertilizer means (522)

(iii) Between Fertilizer treatments under
one Main treatment (738)

(iv) Between Main treatment yields at
the same Fertilizer treatment (1045)
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application (3967 kg/ha) were as high as could be expected

as compared with farmers ylelds on similar bush fallow sites
(Moormann and Forbes~personal communication). Such yields

may induce the subsistence farmer not to use fertilizer but
the yield advantage due to fertilizer application is important.
The increase in yields as a result of fertilizer application
also indicates that the yield potential of the maize was pro-
bably not attained.

Nutrient contents in the grain did not differ significantly
between mulching and burning as indicated by the means of the
main treatments (Table 4.9). The contents of N and P in the
grain were particularly low as compared with the adequate range
reported by Barber and Olson (1968). The concentrations of
K, Ca, Mg and Zn were adequate by the same criterion. It seems
probable that N and P were limiting yields even where the two
elements were added. Only the application of P significantly
increased the grain contents of N and P based on the nutrient
means (Table 4.10a).

Total nutrient uptake in the grain was not significantly
different between mulching and burning (Table 4.11). The
addition of NPK significantly increased the uptake of the
elements except Ca, as compared with the check (Table 4.10b).
The effects of the single elements on the uptake of nutrients
in the grain were not significant except in the case of P where
P application significantly increased N uptake only. The uptake

of nutrients in the stovers was not different between mulching
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TABLE 4.9 THE EFFECT OF FERTILIZER APPLICATION ANR FALLOW RESIDUE
MANAGEMENT ON NUTRTIENT COMPOSTITION OF MAIZE GRAIN AT IKENNE.
Treatment
Residue - Nutrient N P K Ca Mg Zn
Management Combinations ’ % ppm
Mulch Control 1.58 0.27 0.45 0.20 0.09 29
PK 1.64 0.37 0.56 0.14 0.12 31
NK 1.54 0.17 0.33 0.11 0.06 22
NP 1.72 0.33 0.48 0.13 0.10 26
NPK 1.69 0.35 0.50 0.15 0.12 29
NPKMgZn 1.58 0.34 0.51 0.22 0.11 29
Means 1.63 0.31 0.47 0.16 0.10 28
Burn Control 1.44 0.27 0.44 0.14 0.08 26
PK 1.55 0.35 0.52 0.18 0.11 28
NK 1.45 0.28 0.47 0.14 0.10 26
NP 1.65 0.35 0.53 0.20 0.12 27
NPK 1.61 0.30 0.45 0.10 0.10 23
NPKMgZn 1.63 0.34 0.50 0.15 0.11 27
Means 1.56 0.32 0.49 0.15 0.10 26
Lsd (0.05) (i) 0.09 0.05 - - - -
(ii) 0.18 0.10 - - - -

(i) Between Main Treatment means

(ii) Between Fertilizer concentratlons
under one Main treatment
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TABIE 4,10 THE EFFECT OF FERTILIZER APPLICATION ON NUTRLENT CONTENT
AND UPTAKE IN MATZE GRAIN,

. a) Fertilizer Treatment

Control

PK

NPK

N°KMgZn

Lsd (0.05)
b) Fertilizer Treatment

Control
PX
NK
NP

NPK

NPRMgZn

Lsd (0.05)

1.51
1.60
1.50
1.69
1.65

1.61

0.12

60
79
74
83
88

94

11

© Nutrient Content

P

0.27
0.36
0.23
0.34
0.33

0.34

0.07

11
18
16
17
18
20

oo N

0.45

0.40
0.51
0.48

0.51

K
kg/ha
18
27
20
25
26

30

Ca

0.17
0.16
0.13
0.17
0.13

0.19

nd

11

nd

Mg

0.09
0.12
0.08
0.11
0.11

0.11

Mg

Zn -
pPm

28
30
24
27
26

28

n
gm/ha

110
145
120
135
140

165

30
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TABIE 4.11 THE EFFRECT OP FERTILTZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON TOTAL NUTRIENT UPTAKE OF MATZE GRAIN AT TIKENNE,

Treatment

Residue Nutrient N P K Ca Mg Zn
Management Combinations ' kg/ha gm/ha
Mulch Control 66 12 19 9 4 130
PK 83 19 29 7 6 160

NK 76 18 16 5 3 110

NP ' 89 17 25 7 5 140

NPK 9 19 27 8 6 160

NPKMgZn 92 20 30 13 6 170

Means 83 18 24 9 5 145

Burn Control 53 10 16 5 3 90
PK 75 17 25 8 5 130

NK 71 14 23 7 5 130

NP 77 16 25 9 5 130

NPK 85 16 24 5 5 120

NPRMgZn 95 20 29 9 6 160

Means 75 16 24 7 5 127

Lsd (0.05) (i) 15 4 6 - 1 30

(i1) 11 4 6 - 2 30

(iii) 15 5 8 - 2 40

(iv) 20 6 9 - 2 40

(1) Between Main treatment means
(i1) Between Fertilizer means

(iiil) Between Fertilizer treatments under
cne Main treatment

(iv) Between Main treatment ylelds at
the same Fertillzer treatment -



-153-

and burning (App. 4,3), Based on the summation of the uptake
values of nutrients in the grain and stover, the recovery of
added nutrients can be calculated, The recovery of N and P
was low. This was particularly true of P.

The uptake of nutrients in the grain and stover under
check treatment was higher with mulching than with burning.
This advantage suggests that mineral nutrition of the maize
was better although not significantly higher where the fallow

residues were used as mulch than where they were burned.

4.3.4 Dry matten yields of Cowpea Aindex Leaves and the nutrient
contents Ain the Lead.

The means of the dry matter yields of cowpea index leaves
were the same under both the mulching and burning management
systems (Table 4.12). There was a significant effect of the
residual NPK application as compared with the check and based
on the nutrient treatment means. However, only the response
to P was statistically significant. There was no significant
response to the residual effect of MgZn.

Nutrient contents in the leaves did not differ between
the main treatments (Table 4.13) and N content was high even
when no N had been applied. The low P content in the index
leaves was an evidence that P could have been deficient. Leaf
contents of the other elements seemed adequate although Mn
level was high.

Residual effect of NPK resulted in a significant increase
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TABLE 4.12 THE EFFECT OF FERTILIZER APPLICATION AND FALLOW RESTIDUE
MANAGEMENT CN THE DRY MATTER YIELD OF COWPEA INDEX LEAVES.

Residue Management

Nutrient Comibations Mulching Burning Nutrient
gm/leaf Combination Means

Control 0.47 0.55 0.51
PX 0.57 0.56 0.57
NK 0.49 0.53 0.51
NP 0.63 0.57 0.60
NPK 0.61 0.56 0.59
NPKMgZn 0.60 0.61 0.61
Residue Management Means 0.56 0.56 0.56
Isd (0.05 (i) Between Main treatment means (0.01)
(ii) Between Fertilizer means (0.07)

(iii) Between Fertilizer treatments under
one Main treatment (0.09)

(iv) Between Main treatment yields at
the same Fertilizer treatment (0.14)
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TARLE 4.13 THE EFFECT OF FERTILIZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE NUTRTENT CONTENTS IN CCOWPEA INDEX LEAVES.

(i) Between Main treatment means

(i1) Between Fertilizer treatments under
one Main treatment

(iii) Between Main treatment concentrations
at the same Fertilizer treatment

Treatment
Residue Nutrient N P K Ca Mg in Mn
Management Combinations % PPm
Mulch Control 5.08 0.23 2.18 1.78 0.61 243 360
PK 5.19 0.34 1.78 2.02 0.73 230 432
NK 5.01 0.26 2.02 1.74 0.62 29 350
NP 4,96 0.28 1.41 2.02 0.83 306 377
NPK 4,99 0.29 1.71 1.88 0.74 270 388
NPRMgZn 4.95 0.31 1.59 2.18 0.81 203 484
Means 5.03 0.2 1.78 1.94 0.72 257 399
-Burn Control 4,74 0.26 1.76 1.87 0.68 238 359
PK 5.03 0.35 1.74 1.81 0.73 263 381
NK 4,92 0.28 1.78 1.75 0.63 174 331
NP 5.11 0.35 1.45 1.94 0.85 291 344
NPK 5.18 0.34 1.52 2.04 0.85 210 388
NPRMgZn 5.04 0.35 1,74 2.03 0.82 219 394
Means 5,00 0.32 1.67 1.91 0,76 233 366
ILsd (0.05) (i) 0.64 0,04 0.15 0.31 0.11 49 62
(ii) 0.46 0.05 0.29 0.292 0.13 114 63
(iii) 0,75 0.06 0.29 0.40 0.16 113 82
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in leaf contents of P and Mg but K was significantly reduced.
Neither residual N nor the supplemental N significantly affected
concentrations of any element in the leaf (Table 4.14a) but,
residual P significantly increased the leaf contents of P, X,
""" Ca, Mg and Mn but had no significant effect on N and Zn. Phos-
phorus therefore played a dominant role in the nutrition of

cowpea at this stage of growth. There were no significant

responses due to residual K or MgZn.

4.3.5 Cowpea grain yilelds and nutrlent contents Lin the gradin.
The yields of the cowpea were good compared with yields
obtained at the IITA, Ibadan, Nigeria using the same variety
on a similar Alfisol. There was no significant yield differ-
ence between the main treatments (Table 4.15), but there was
evidence that yields were slightly higher under mulching than
under burning. Residual NPK did not significantly affect
cowpea yields as compared with the check. There were also
no significant responses to residual N, P or K or to supple-
mental N, Residual effect of MgZn on yields of cowpea was
not significant. Despite the lack of significant response
to nutrients, there was evidence that yields were higher as
a result of nutrient addition to the previous crop. The
highest cowpea yields were obtained under mulching and with
residual NPK MgZn. This result was an indication that the
cowpea yield potential may not have been reached. Probably,

greater residual fertilizer effect could result in higher
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TABLE 4.14 THE EFFECT OF FERTILLZER APPLICATION ON NUTRIENT CONTENT

Control

PK

NPX

NPKMgZn

IN COWPEA INDEX LEAVES AND GRAIN.

2 = a) Fertilizer Treatment

Lsd (0.05)

b} Fertilizer Treatment

Control

PK

NPK

NPRMgZn

Lsd (0.05)

4.91
5.11
4,97
5.04
5.09

5.00

0.33

3.87
3.86
3.91
3.75
3.95

3.91

0.25

Nutrient Contents (Induex Leaves)

P

0.25
0.35
0.27
0.32
0.32

0.33

0.04

Nutrient Content

P

0.32
0.41
0.32
0.40
0.41

0.38

0.02

oo =N

1.97
1.76
1.90
1.43
1.62

1.67

0.19

K

o
©

1.16
1.18
1.19
1.13
1.16

1.16

0.05

ca Mg Zn  Mn
rem
1.83 0.65 241 360
1.92 0.73 247 407
1.75 0.63 232 341
1.98 0.84 299 36l
1.96 0.80 240 388
2.11 0.82 211 439
0.21 0.09 80 45
(Grain)
Ca Mg Zn Mn
ppm
0.02 0.22 47 26
0.02 0.23 44 23
0.03 0.22 46 25
0.02 0.22 45 27
0.02 0.23 44 27
0.02 0.22 46 23
nd



-158-

TABLE 4.15 THE EFFECT OF FERTILIZER APPLICATION AND FALLCW RESIDUE
MANAGEMENT ON COWPFA GRAIN YIELD AT IKENNE,

Residue Management

Nutrient Combinations Mulching Burning Nutrient
kg/ha Combination Means

Control 972 910 941
PK 1111 950 1031
NK 966 1018 992
NP 1112 980 1046
NPK 1067 1029 1048
NPKMgZn 1276 1022 1149
Residue Management Means 1084 985 1035
Lsd (0.05) (1) Between Main treatment means (128)
(ii) Between Fertilizer means (165)

(iii) Between Fertilizer treatments under
one Main treatment (233)

(iv) Between Main treatment yields at
the same Fertilizer treatment (244)
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ylelds. 8uch ylelds would be dependent on higher initial
fertilizer application which may not be economically rewarding
to the subsistence farmer, even i1f the fertilizer nutrients
were readily available.

Nutrient contents in the grain did not vary significantly
between the residue management systems. From the responses
to residual fertilizer, it was certain that without P applica-
tion in 1978, P concentration in cowpea grain was significantly

decreased (Table 4.14b and App. 4.4).

4.3.6 Dny matten ydelds o4 maize and mineral nutrifion at
goun weeks aften planting (4WAP) An 1979.

The dry matter yields of maize at this stage of growth
did not differ significantly between mulching and burning
treatments (Table 4.16). The application of NPK significantly
increased the dry matter yields as compared to the check.
However, only responses to N and P were significant. The
addition of MgZn had no significant effect on the dry matter
yields.

Nutrient contents in the plant were not significantly
different between the two main treatments except in the case
of Mn which was significantly higher under mulching than
under burning (Table 4.17). The plant contents of N and P
were low as compared to the levels considered adequate at
this stage of growth. The contents of X, Ca, Mg, Zn and Mn,

seemed adequate. The level of P. in particular, was critically
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AT IKENNE.
Residue Management
Nutrient Cambinations Mulching Burning Nutrient
' gm/plant Combination Means
Control 5.4 5.3 5.4
PK 8.2 6.3 7.3
NK 6.1 6.3 6.2
NP 8.8 9.0 8.9
NPK 9.7 8.3 9.0
NPKMgZn 8.8 10.1 9,4
Residue Management Means 7.9 7.6 7.7
Lsd (0.05) (1) Between Main treatment means (1.8)
(ii) Between Fertilizer means (1.6)
(iii) Between Fertilizer treatments under
one Main treatment (2.2)
(iv) Between Main treatment yields at

the same Fertilizer treatment

(2.6)
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at the same Fertilizer treatment

TABLE 4.17 THE EFFECT OF FERTILIZER APPLICATION AND FALICW RESIDUER
MANAGEMENT ON THE NUTRIENT CONTENTS IN MATIZE AT 4WAP,
Treatment

Residue Nutrient N P K Ca Mg Zn _Mn

Management Combinations % pEm
- Mulch Control 3.07 0.21 3.00 1.10 0.95 47 140
PK 3.17 0.29 4.48 1.19 0.79 38 90
NK 3.44 0.23 4.10 1.16 0.76 42 158
NP 3.23 0,27 4.38 0.78 0.56 41 128
NPK 3.51 0.29 4.53 1.18 0.75 43 135
NPKMgZn 3.34 0.27 4.57 1.09 0.70 47 116
Means 3.29 0.26 4,18 1.08 0.75 43 128
Burn Control 3.17 0.24 2.5 0.93 0.85 41 101
PK 3.05 0.28 4.15 0.89 0.74 45 105
NK 3.41 0.27 3.66 0.83 0.70 41 105
NP 3.13 0.31 4.41 1.11 0.75 49 105
NPK 2.82 0.28 4,74 1.07 0.71 40 113
NPKMgZn 3.26 0.34 4.46 0.83 0.66 63 113
Means 3.14 0.29 4.00 0.9 0.74 47 107
Lsd (0.05) (i) 0.35 0.03 1.00 0.23 0.16 12 4
(ii) 0.43 0.04 0.98 0.26 0.15 12 34
(iii) 0.51 0.04 1.32 0.32 0.20 16 31

(1) ‘'Between Main treatment means
(ii) Between Fertilizer treatments under
one Main treatment
(iii) Between Main treatment concentrations
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low suggesting that P may have been more limiting than N.

The plant contents of the elements were not significantly
affected by the addition of the specific elements of the fer-
tilizer treatments (Table 4.18a). Nutrient uptake in the
plant was not significantly different between the residue
management methods (Table 4.19). The addition of NPK resulted
in a significant increase in the uptake of the major elements
as compared with the check. However, only the effect of P
on the uptake of these elements was significant (Table 4.18b).
This was a confirmation that P was limiting at this stage of

plant growth in 1979.

4.3.7 Drny matten ylelds of earleaves and the nutrient contents
in the Leaf in 1979.

The dry matter yields of maize earleaf samples at silking,
like the yields of the plant dry matter at 4WAP, were not sig-
nificantly different between the main treatments (Table 4.20).
Based on the nutrient treatment means, the addition of NPK
significantly increased the dry matter yields of the leaves.
However, this responseiwas significant only as a result of
mulching. The responses to N and P were similarly significant
only as a result of mulching. The application of MgZn had no
significant effect on the dry matter of the leaves.

Nutrient contents in the leaf did not vary significantly
between the main treatments (Table 4.21). The leaf N and P

contents were low although N was within the adequate range
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TABLE 4.18 THE FFFECT OF FERTILIZER APPLICATION ON NUTRTENT CONTENT
AND UPTAKE IN MAIZE AT FOUR WEEKS AFTER PLANTING.

. a) Fertilizer Treatment Nutrient Content
; N P K Ca Mg Zn Mn
2 pom
Control 3.12  0.23 2.78 1.02 0.9 44 121
PK 3.11 0.29 4.32 1.04 0.77 42 98
NK 3.43 0.25 3.88 1.00 0.73 42 132
NP 3.18 0.29 4.40 0,95 0.66 45 117
NPK 3.17 0.29 4.64 1,13 0.73 42 124
NPRMgZn 3.30 0.31 4.52 0.96 0.68 55 115
Lsd (0.05) 0.30 0.03 0.70 0,18 0.11 8 24
b) Fertilizer Treatment Nutrient Uptake
N P K Ca Mg Zn  Mn
' mg/plant ug/plant
Control 169 12 169 56 48 247 527
PR 229 22 315 78 56 319 696
NK 206 16 247 59 43 270 468
NP 284 26 394 85 59 357 1053
NPK 286 26 416 103 59 377 1210
NPKMgZn 310 29 424 90 59 567 1088

Lsd (0.05) 58 6 79 20 12 65 213
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TABIE 4.19 THE FFPECT OF FERTTLIZER APPLICATION AND FALLCW RESIDUE
MANAGEMENT ON TOTAL NUTRIENT UPTAKE IN MAIZE TOPS AT 4WAP.

Treatment
Residue Nutrient N P X Ca Mg Zn Mn
Management  Combinations ' Tg/plant ' ug/plant
Mulch Control 165 11 180 64 51 274 528
PK 264 25 366 98 65 320 728
NK 195 14 260 65 42 270 274
NP 283 23 383 69 49 362 1145
NPK 338 28 432 116 58 416 1481
NPKMgZn 293 24 411 97 62 422 1030
Means 256 21 339 85 55 344 943
Burn Control 172 13 157 48 45 219 526
‘ PX 194 18 263 57 47 317 664
NK 217 17 234 52 44 270 662
NP 285 28 404 100 68 352 960
NPK 234 24 399 90 59 337 939
NPKMgZn 327 34 437 83 56 716 1145
Means 238 22 316 72 53 369 816

Lsd (0.05) (i) 45 8 125 33 nd 85 261
(i1) 82 8 112 28 - 92 310
(1ii) 86 11 158 41 - 117 371

(1) Between Main treatment means

(ii) Between Fertilizer treatments under
one Main treatment

(iii) Between Main treatment concentrations
at the same Fertillzer treatment
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TABLE 4.20 THE EFFECT OF FERTILIZER APPLICATION AND FALLOW RESIDUE,
MANAGEMENT ON THE DRY MATTER YIELD OF MALZE FARLEAVES,

Nutrient Combinations Residue Management Nutrient
Mulching Burning Combination Means
gm/leaf
Control 4,1 4.1 4.1
PK 4.2 4.6 4.4
NK 4.2 4.4 4.3
NP 4.6 4.7 4.6
NPK 5.2 4.7 4.9
NPKMgZn 4.7 4.8 4.8
Means 4,5 4.5 4.5
Isd (0.05) (i) Between Main treatment means (0.4)
(i1) Between Fertilizer means (0.5)

(iii) Between Fertilizer treatments under
one Main treatment (0.6)

(iv) Between Main treatment yields at
the same Fertilizer treatment (0.7)



-166~

TABLE 4.21 THE EFFECT OP FERTTLIZER APPLICATION AND FALLOY RESIDUE
MANAGEMENT ON THE NUTRIENT CONTENTS IN MATZE EARLEAVES.

Treatment
Residue Nutrient N P K Ca Mg Zn _Mn
Management Combinations % Pem
Mulch Control 2.73 0.15 1.45 1.21 0.34 54 245
PK 2.92 0.20 1.%0 1.14 0.29 45 255
NK 2.52 0.14 1.68 1.20 0.30 48 245
NP 2.93 0.19 1.91 1.16 0.29 46 265
NPK 3.05 0.20 2.23 1.20 0.34 4e6 265
NPKMgZn 2,73 0.17 1.98 1.11 0.25 48 255
Means 2.81 0.17 1.86 1.17 0.30 48 255
Burn Control 2,65 0.16 1.41 1.21 0.36 49 245
PK 2.69 0.22 2,18 1.23 0.31 45 275
NK 2.89 0.16 1.63 1.20 0.29 45 255
NP 2.80 0.20 2.03 1.16 0.26 48 275
NPK 3.02 0.19 2,16 1.20 0.28 54 245
NPRMgZn 2.98 0.22 2.28 1.21 0.31 46 265

Means 2.83 0.19 1.95 1.20 0.30 48 260

Lsd (0.05) (i) 0.19 0.03 0.14 0.12 0.07 nd nd
(ii) 0.37 0.03 0.30 0.10 0.06
(iii) 0.39 0.04 0.30 0.15 0.08

(i) Between Main treatment means

(ii) Between Fertilizer treatments under
one Main treatment

(iii) Between Main treatment concentrations
at the same Fertillizer treatment
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(2.75 -~ 3.25) cited in literature, The leaf P content was well
below the adequate range (0,25 « 0,35) and this may be a further
evidence, that P was limiting in 1979 and could have probably
limited the uptake of N. The leaf contents of the other
elements evaluated seemed adequate but Mn content was high.

The leaf contents of N, P and K increased significantly
following the addition of NPK as compared with the check
(Table 4.22). The leaf Ca content was not affected but the
Mg content was significantly depressed by NPK application.
However, only the effect of P on the leaf contents of N, P
and K was significant. The concentration of K in the leaf
increased significantly as a result of the added K.

The foregoing results provide a supporting evidence
that P level was low or improperly applied, either of which,
resulted in the limiting effect of the element. Previous

data on the cowpea support this contention.

4,3.8 Gradn yLelds of maize and the nutrient content Ain the
grain in 1979,

The grain yields of maize in 1979 declined by 21 per-
cent as compared with yields obtained in 1978. 1In spite of
this yvield decline, the average yield was reasonable and,
as in 1978, mean yield difference between mulching and burning
was not significant (Table 4.23). However, the yields due to
burning were higher than those due to mulching in four of the

six fertilizer treatments. The trend in 1978 was a reverse
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TARLE 4.22 THE FFFECT OF FERTILIZER APPLICATION ON NUTRTENT CONTENT
AND UPTAKE TN FEARLFAF SAMPTES.

Fertilizer Treatment

N P K Ca Mg Zn  Mn
% ppm

Control 2.69 0.16 1.43 1.21 0.35 52 245
PK 2.81 0.21 2.04 1.17 0.30 45 265
NK 2.71 0.15 1.66 1.20 0.30 47 250
NP 2.87 0.20 1.97 1.16 0.28 47 270
NPK 3.04 0.20 2,20 1.20 0.31 50 255
NPKMgZn 2.86 0.20 2.13 1.16 0.28 47 260
Lsd (0.05) 0.26 0.03 0.21 0.07 0.04 — nd —
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TABIE 4.23 THE EFFECT OF FERTILIZER APPLICATION AND

FALLOW RESIDUE

MANAGEMENT ON MAIZE GRAIN YIEIDS ON IKENNE ALFTSOL.

Residue Management

Nutrient Combinations Mulching  Burning Nutrient
kg/ha Combination Means
control 2864 2675 2770
PK 4098 4386 4242
NK 3016 3385 3201
NP 4366 4526 4446
NPK 4454 4448 4451
NPKMgZn 4316 4509 4413
Residue Management Means 3852 3988 3920
Isd (0.05) (i) Between Main treatment means (612)
(ii) Between Fertilizer means (379)
(1ii) Between Fertilizer treatments under
one Main treatment (536)

(iv) Between Main treatment yields at
the same Fertilizer treatment

(764)
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of this., In that year, ylelds due to mulching were higher

than ylelds due to burning in all of the fertilizer treatments.
The yields at each fertilizer treatment did not differ signifi-
cantly between both residue treatments in 1978 and 1979, It
can be postulated that there was only a small difference in
physical and chemical properties between the two residue
management systems.

The addition of NPK resulted in a significant grain
vield increase as compared with the check but only the yield
increase due to P was significant. Unlike in 1978, there
was no significant yield increase due to the addition of
MgZn in 1979. Since the yields due to NK were comparable
with yields of the check, and these were significantly lower
than the yields due to other subtreatments, which contained
P, P was therefore the most limiting nutrient in 1979. A
similar deduction was made in respect of the yield data in
1978. 1In addition, it can be postulated from the yield
results above, that the N level was probably adequate for the
yields obtained, even where no N was added. This contention
is confirmed by the relatively high yield due to PK. Thus,
the N supplying power of the Alfisol may have been improved
by the cowpea which probably fixed some N in the soil.

Nutrient contents in the grain were not significantly
different between the main treatments (Table 4.24). Nitrogen
and P contents in the grain were much lower than the levels

considered to be adequate. The grain P content was particularly
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MANAGEMENT ON THE NUTRIENT COMPOSITION OF MATZE GRAIN

as the same Pertilizer treatment

AT TKENNE.
Treatment

Residue Nutrient N P K Ca Mg Zn
Management Combination % PPm
. Mulch Control 1.65 0.23 0.51 0.010 0.15 27
PK 1.50 0.25 0.54 0.011 0.15 24

NK 1.90 0.23 0.59 0.012 0.17 30

NP 1.70 0.23 0.57 0.012 0.16 28

NPK 1.64 0.26 0.63 0.011 0.16 28

NPKMgZn 1.67 0.23 0.55 0,012 0.16 29

Means 1.68 0.24 0.57 0.011 0.16 gg

Burn Control 1.77 0.26 0.52 0.017 0.15 29
PK 1.58 0.25 0.57 0.012 0.16 24

NK 1.71 0.24 0.59 0.013 0.17 29

NP 1.74 0.33 0.70 0.011 0.19 31

NPK 1.47 0.26 0.54 0.013 0.16 26

NPKMgZn 1.67 0.26 0.59 0.013 0.17 29

Means 1.66 0.27 0.59 0.013 0.17 gg

.Lsd (0.05) (i) 0.08 0.04 0.11 0.002 0.04 nd

(ii) 0.28 0.05 0.11 0.003 0.03
(iidi) 0.27 0.06 0.15 0.003 0.05
(i) - Between Main treatment means
(ii) Between Fertilizer treatments under
one Main treatment
(iii) Between Main treatment concentrations
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low. This is consistent with greenhouse studies in the
earlier sections of this thesis, which had also shown that P
was one of the most limiting elements on the two soil types
investigated. The result of the effect of P leads one to
postulate that P could also have limited the uptake of N on
the Alfisol. The concentrations of X, Ca, Mg and Zn by
similar comparative standards, were considered to be adequate.
The effects of specific elements on the grain nutrient
contents were not significant except in the case of P and K.
The addition of P significantly reduced N content in the grain
while K also depressed K content in the grain (Table 4.25).
The effect of K on grain K content was not expected but this

was mainly due to the reduction observed under burning.



~-173-

TABLE 4,25 THE EFFECT OF FERTILIZER APPLICATION ON NUTRTENT CONTENT
AND UPTAKE IN MATZE GRAIN,

Fertilizer Treatment

Nutrient Content

N P K Ca Mg Zn

% ppm

Control 1.71 0.25 0.52 0.014 0.15 28
PK 1.54 0.25 0.56 0.012 0.16 24
NK 1.81 0.24 0.59 0.013 0.17 30
NP 1.72  0.28 0.64 0.012 0.17 30
NPK 1.56 0.26 0.59 0.012 0.16 27
NPKMgZn 1.67 0.25 0.57 .013  0.17 29
Led (0.05) 0.20 0.03 0.07 0.002 0.02 nd
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4.4 Summary and Conclusion

The effects of mulching wversus burning of fallow resi-
dues and fertilizer application on crop yields and mineral
nutrition were investigated on a Southwestern Nigerian Alfisol.
During the two years in which the trial was conducted, two
crops of maize and one of cowpea were grown.

For the two years (1978 and 1979), crop yields and
mineral nutrition were comparable between the mulch and the
burn management systems. However, mulching had a slight edge
over burning especially in 1978. Mulching was judged a better
method of residue management because it provided a physical
cover to the soil and probably slowly released the organically bound
nutrients in the residues. Burning provided a clean seedbed
and facilitated planting but as the decomposition of the
mulch residue set in, mulching was less laborious to manage
than burning.

The similarity between mulching and burning in most of
the estimated parameters indicates that there may actually be
small physical and chemical differences between the two manage-
ment methods. This may be particularly true when typical

short fallows such as the Ikenne are cultivated,

The crop yields obtained in both years without fertilizers

were satisfactory as compared with the farmer's yields. This
was an indication that in two years of cultivation, reasonable

crop yields were possible at the ‘Ikenne fallow site with good
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crop hushandry alone., The yilelds at this site were more
influenced by tﬁe soll fertility level than by the nutrient
storage in the fallow biomass,

Fertilizer application markedly improved crop yields
on this soil confirming that these amendments are required
to boost crop production and yields. Although responses
due to the major elements in the first year were not great,
these nutrients were still necessary for good yields. Results
in 1978 also indicate that when the three major elements are
applied, Mg and Zn will be required if yields are to be sub-
stantially increased.

Cowpea yields in the first year were satisfactory as
compared with yields obtained by other investigators at the
same site. Although there were no responses to residual
effect of fertilizers applied to the previous maize, there
was evidence that P deficiency limited the attainment of the
yield potentials of not only the cowpea and preceeding maize,
but also of the succeeding maize in 1979. The deficiency
effect of P was more pronounced in 1979 than in 1978 and P
may also have limited N uptake. This partially explains
the lack of significant response to added N. 1In addition,
the cowpea augmented the N supplying power of the soil and
also supplemented the effect of applied N. Therefore, the
use of cowpea or other N-fixing legumes is recommended not
only as a means of reducing the amount of N to be applied but

also as a means of increasing the number of crops that the
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subsistence farmer can grow in the first year of bush fallow
cultivation, |

It would seem that less than 200 kgN/ha would be re-
quired over a two~year period of cultivation on the Alfisol
when a good N-fixing crop is used in the rotation. There is
a strong evidence that P is the key factor in obtaining and
sustaining high yields given a good crop rotation and a level
of management similar to the case in the present investigation.
It appears that more than 60 kgP/ha would be needed over a
two-year period as was the case in this trial. However, further
research is needed to ascertain the requisite level of P and
appropriate method of its placement on the Alfisol. Only
minimal amounts of K may be required to maintain a balance
between N and P and ensure a good growth but, the K level
will increase with cropping.

It may be necessary to increase the levels of Mg and Zn
used in the present study if the P level is increased although
there was no evidence of the deficiency of either nutrient.
Higher levels of Mg and Zn may not be required in the second
and subsequent years of cultivation except as may be necessary,
based on soil and tissue analysis.

In conclusion, the retention of fallow residues as mulch
is encouraged except where the amounts of fallow litter are
likely to hinder cultural practices such as planting. In this
situation, light burning, enough to provide a cleaner seedbed
may be appropriate since this is not destructive of soil pro-

perties or detrimental to plant growth and performance.



Chapter 5: A Comparison of Mulching and Burning With and
Without Fertilizer and Lime, on Crop Yields and Mineral

Nutrition on the Onne Ultisol in Southeastern Nigeria.

5.1 Introduction and Literature Review

As a consequence of high rainfall in Southeastern Nigeria,
most of the soils which are of the Ultisol order are strongly
leached. The soils have low cation exchange capacities and
high exchangeable Al contents which contribute to their low
pH. Nutrient deficiencies coupled with Al toxicity caused by
the leaching and by the high Al saturation of the soil complex
are the most immediate problems in managing these soils.

The increase in population has resulted in the land that
is available for cultivation being more regularly exploited.
Since fertilizer and lime are not usually used, and the nutrient
and lime effects of the ash after the traditional slash and
burn practice are not sustained beyond the first one or two
years of cultivation (IITA Annual Report, 1974), soil nutrient
deficiencies and soil acidity are increasing. Unpublished
results of experiments in the area indicate that neither fer-
tilizers nor lime application may effectively correct either
the nutrient deficiencies or the Al toxicity once these pro-
blems have developed in these Ultisols. Results from the

Yurimaguas Experimental Station in Peru on similar soil type
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confirmed that macro and micrenutrient deficiencies developed
after the first two years of slash and burn management in spite
of the application of NPK and lime (NCSU 1973-~1977),

Investigations on Southern Nigeria Ultisols have general-
ly indicated that responées to fertilizer and lime application
were related to the fertilizer sources used. For example,
fertilizer sources such as urea and ammonium sulfate were
shown in IITA studies (Annual Report, 1974) to reduce soil
pH. High lime levels were then needed. It was suggested in
the above studies that the decline in crop yields when such
fertilizer sources were used, was due to the resulting soil
acidification. In contrast, Kang (1978) suggested that the
low yields on the Ultisols result from the low fertilizer use
efficiency, especially of N which is lost in large amounts by
leaching. When the N level was increased, the losses of Ca
and Mg were enhanced. These losses, as suggested by Juo
(personal communication) induced the deficiencies of Ca and
Mg and increased soil acidity on the Ultisol.

Increasing the amount of lime applied in order to de-
crease the soil acidity decreased the available soil P deter-
mined by Bray-I method (IITA Annual Report, 1976). Greenhouse
studies by Juo (Soil Chemistry Subprogram Report, 1976) using
an Ultisol soil similar to the Onne soil showed that low lime
rates (< 1000 kg/ha CaCO3), increased plant dry matter yields
but high lime rates (Z 2000 kg/ha) significantly depressed the

dry matter yields of maize, Subsequent IITA studies (Annual
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Report, 1976), confirmed that lime levels of 1000 ~ 2000 kg/ha
induced Mg deficiency on the Onne Ultisol and also depressed
the dry matter yields of maize in the greenhouse.

In a field study at the Amakama area of Southeastern
Nigeria, it was found that small lime ( CaCO3 ) dosages of
about 200 - 500 kg/ha increased maize yields on a soil similar
to the Onne Ultisol (Uzu, personal communication). Uzu's
results led him to suggest that higher lime rates may be un-
economic if used on a continuous basis. Friesen (1978) did
not obtain a significant response by maize to lime levels up
to 2000 kg/ha in the first year at Onne but exchangeable Al
in the soil was reduced substantially. However, in the second
year, Friesen reported a yield increase of 50 percent as a re-
sult of liming. In literature cited by Friesen (1978), liming
with over 1000 kg/ha reduced crop yields by reducing P availabi-
lity. Although Pulver and Horst (unpublished data) reported
no response by cowpea to liming, Friesen obtained a response
by cowpea to 500 kg/ha of lime after the first year of cul-
tivation at Onne. The results of Pulver and Horst were also
not substantiated by the data of Kang (1978) in which it was
shown that greenhouse grown cowpea on unlimed Onne Ultisol
was chlorotic and Ca deficient. The chlorotic plants were
N-deficient and N application corrected the chlorosis and
partially corrected the Ca-deficiency. Liming using 250 -
1000 kg/ha (CaCOB) was shown in Kang's studies to improve

nodulation and increase dry matter yields. The higher lime
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level slightly lowered plant Ca centent,

Tt would appear from all of these studies reviewed,
that fertilizer and lime responges on the Ultisol may depend
on the sources and amounts of these amendments as well as on
the specific test crop. In order to obtain good yields and
sustain them on a regular basis, there will be the need to
strike a balance between adequate fertilizer nutrients, soil

acidity parameters such as Al, and specific crop requirements.

5.2 Materials and Methods

Details of the procedures are given in Section 4.2.
The main treatments compared, were mulching and burning of the
fallow residues. The subplot treatments at the Onne site were
different from those at the Ikenne site, and consisted of
nutrient combinations of check; NPK; NPX Mg Zn and NPK Mg Zn +
Lime.

The levels and sources of fertilizer were the same as
at Ikenne except that P and K were applied at the rate of
40 kg/ha of each element. The lime was applied only in 1978

at the rate of 1000 kg/ha using hydrated lime (Ca (OH) -2H20).

2

All other practices were similar to those used at the Ikenne

site,
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5.3 Results and Dlscussion
5.3.1 Dry matten ylelds, nutrlent content and nuthdlent uptake

04 maize three weeks aften planiing (3WAP).

The dry matter yields of maize at 3WAP did not differ
significantly between mulching and burning as shown by the
main treatment means (Table 5.1). However, dry matter yields
following burning were higher than the yields following
mulching. The addition of NPK (nutrient combination means)
significantly increased the plant dry matter yields. The
response to Mg Zn was not significant. Lime application re-
sulted in a significant increase in the dry matter yields.

The plant contents of N, P, K and Mn were significantly
increased following mulching than following burning as indicated
by the main treatment means (Table 5.2). The higher concen-
trations of these elements due to mulching were proabably a
result of the lower dry matter yields obtained under the
mulch treatment. The addition of NPK significantly increased
the contents of N, P and Ca but had no significant effect on
the other elements (Table 5.3a). Phosphorus content was
significantly depressed by the addition of MgZn which also
significantly increased the contents of Mg and Zn. Liming
significantly increased K and Ca contents but also significantly
reduced the plant contents of Mg and Mn.

The total uptake of nutrients did not differ significantly
between the two methods of residue management (Table 5.4). The

addition of NPK resulted in a significant increase in plant
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TABLE 5.1  THE FFFECT OF FERTILIZER/LIME APPLICATION AND FALIOW RESIDUE
MANAGEMENT ON DRY MATTER YIELDS OF MATZE AT THREE WEEKS AFTER
PIANTING (3WAP) .

Residue Management

Nutrient Combinations Mulching Burning Nutrient
gm/plant Combination Means

Control 4.4 5.5 5.0
NPK 6.8 9.3 8.0
NPKMgZn 5.8 7.0 6.4
NPKMgZn + Lime 8.5 8.9 8.7
Means (R.M.) 6.4 7.7 7.0
Isd (0.05) (1) Between Main treatment means (2.3)
(ii) Between Fertilizer means (1.9)

(iii) Between Fertilizer treatments under
one Main treatment (2.7)

(iv) Between Main treatment yields at
the same Fertilizer treatment (3.2)
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TABIE 5.2 THE EFFECT OF FERITLIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON NUTRLENT COMPOSITION OF MAIZE TOPS AT 3WAP.

Treatment

Residue Nutrient N P K Ca Mg Zn Mn
Management Combinations % prm
Mulch Control 0.90 0.35 3.73 0.33 0.42 41 584
NPK 3,70 0.57 3.68 0.39 0.37 43 556

NPKMgZn 4,10 0.50 3.48 0.37 0.53 76 499

NPRMgZn + Lime 3.70 0.43 4.27 0.61 0.47 69 291

Means 3.60 0.47 3.80 0.42 0.45 57 482

Burn Control 2.80 0.31 3.52 0.26 0.42 36 419
NPK 3.40 0.43 3.23 0.41 0.41 36 386

NPKMgZn 3.20 0.35 3.09 0.33 0.50 59 337

NPKMgZn + Lime 3.10 0.34 3.42 0.44 0.45 63 258

Means 3.13 0.36 3.30 0.36 0.44 48 321

Lsd (0.05) (i) 0.40 0.08 0.28 0.08 0.04 10 63
(ii) 0.76 0.09 0.76 0.09 0.07 10 125
(iii) 0.76 0.09 0.71 0.11 0.07 13 124

(1) Between Main treatment means

(ii) Between Fertilizer treatments under
one Main treatment

(1ii) Between Main treatments
at the same Fertilizer treatment
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TRELE 5.3  THE EFFECT OF FERTILIZER AND LIME APPLICATION ON NUTRTENT
CONTENT AND UPTAKE IN MALZE AT 3WAP,

a) Fertilizer Application

Control

NPK

NPKMgZn
NPRMgZn + Limes

Lsd (0.05)

~ b) Fertilizer Application

Control
NPK

NPRMgZn
NPKMgZn + Lime"

Isd (0.05)

Nutrient Content
N P K Ca Mg

3

(*]

2.85 0.33 3.63 0.30 0.42
3.55 0.50 3.46 0.40 0.39
3.65 0.43 3.29 0.35 0.52

3.40 0.39 3.85 0.53 0.46

0.54 0.06 0.54 0.06 0.05

Nutrient Uptake

N P K Ca Mg
' mg/plant )

142 17 180 15 21

280 40 273 32 31

231 27 210 24 34

295 34 325 46 40

79 10 77 9 8

E

PP

39

40

68

66

Zn

502

471

418

275

89

Mn

"ug/plant

190
267
431

567

97

2405
3630
2655

2345

500
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TABIE 5.4 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALICW RESIDUE
: MANAGEMENT ON TOTAL ELEMENT UPTAKE IN MATIZE TOPS AT 3WAP.

Treatment

Residue Nutrient N P K Ca Mg 7n Mn

Management Combinations mg/plant
Mulch Control 130 16 168 14 19 180 2500
NPK 250 40 251 26 25 296 3810
NPKMgZn 241 29 202 21 31 439 2950
NPKMgZn + Lime 313 37 339 52 40 587 2460
Means 233 30 240 28 29 376 2927
Burn Control 154 17 191 15 23 200 2310
NPK 310 39 294 38 37 237 3450
NPKMgZn 221 25 217 27 36 422 2360

NPKMgZn + Lime 277 30 311 39 39 547 2230

Means 240 28 253 30 34 374 2588

Lsd (0.05) (i) 95 9 78 13 8 115 730
(ii) 120 14 108 12 12 137
(1ii) 133 15 129 16 13 162

{i) Between Main treatment means

(ii) Between Fertilizer treatment under
one Main treatment

(iii) Between Main treatment
at the same Fertilizer treatment
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uptake of N, P, K, Ca, Mg and Mn (Table 5.3b). The uptake
of P, Zn and Mn increased significantly following the
addition of MgZn. Liming significantly increased X, Ca

and Zn uptake in the plant,

5.3.2 Ear-Leaf dry matten yields and nutrient content.

Mean dry matter yields of the ear-leaf samples were
not significantly influenced by mulching as compared to
burning of residues (Table 5.5). The addition of NPK (nutri-
ent means) significantly increased the ear-leaf dry matter
yields but, neither the application of MgZn nor liming
significantly influenced the dry matter yields of the ear-
leaf samples.

The contents of P, K, Zn and Mn in the ear-leaf were
significantly higher under mulching than under burning
(Table 5.6). Manganese concentrations appeared to be
generally high. Nitrogen level was low as compared to what
is considered to be adequate in the ear-leaf tissue (2.75 -
3.25) indicating that N could have been limiting growth.
Although the leaf P content was high, evidence from green-
house studies had indicated that P was the major limiting
element not only on this Ultisol but also on the Alfisol
so0il at Ikenne. Therefore, the high P content in the ear-
leaf is not conclusive proof that P was adequate since low
ear-leaf dry matter yields could have resulted in a high

nutrient content. The leaf contents of K, Ca, Mg and Zn
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TARLE 5.5 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE EARLFAF DRY MATTER YIEIDS OF MAIZE.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
gm/leaf Combination Means

Control 2.8 2.9 2.9
NPK 4.3 4.4 4.4
NPKMgZn 3.6 4.9 4.3
NPKMgZn + Lime 4.8 4.8 4,8
Residues Management Mean 3.9 4.3 4.1
Isd (0.05) (i) Between Main treatment means (0.9)
(ii) Between Fertilizer means (0.9)

(iii) Between Fertilizer treatments under
one Main treatment (1.3)

(iv) Between Main treatment yields at
the same Fertilizer treatment (2.3)
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TABLE 5.6 THE FFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MATZE EARLEAF NUTRIENT COMPOSITION.

Treatment

Residue Nutrient N P K Ca Mg 7n Mn
Management Combinations % ppm
Mulch Control 2.26 0.55 2.53 0.17 0.34 18 150
NPK 2.48 0.52 2.42 0.27 0.24 21 225

NPKMgZn 2.73 0.55 2.39 0.27 0.33 28 184

NPRKMgZn + Lime 2.68 0.44 2,13 0.44 0.34 29 113

Means 2.54 0.52 2.37 0.29 0.31 24 168

Burns Control 2.07 0.34 1.95 0.16 0.16 14 101
NPK 2.36 0.44 1.66 0.36 0.32 17 131

NPKMgZn 2.29 0.36 1.50 0.32 0.33 23 113

NPRMgZn + Lime 2.69 0.42 2.11 0.50 0.39 23 94

Means 2.35 0.39 1.80 0.33 0.33 19 110

Isd (0.05) (i) 0.20 0.04 0.55 0.06 0.03 3 41
(ii) 0.31 0.08 0.48 0.08 0.07 5 46
(iii) 0.32 0.08 0.67 0.09 0.06 5 56

(i) Between Mailn treatment means

(i1) Between Fertilizer treatments under
one Main treatment

(iil) Between Main treatment
at the same Fertilizer treatment
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seemed to be adequate.

There was a significant increase in the leaf contents
of N, Ca and Mn as a result of the addition of NPK (Table 5.7).
The addition of MgZn also significantly increased Mg and Zn
contents of the leaf. There was a significant increase in
the leaf Ca content only due to burning. The specific
effects of the elements in the fertilizer treatments were
confounded as a result of the combination of the elements

applied.

5.3.3 Grain ylelds, nutrient content and nutrient uptake 4An
the gradin.

The average grain yields of maize at the Onne site in
the first year of cultivation were considerably lower than
those obtained at the Ikenne site. The mean yields did not
differ significantly between mulching and burning, as shown
by the main treatment means (Table 5.8). In this first year
of cultivation at Onne, the addition of NPK resulted in a
significant increase in grain yield (nutrient means). The
vield response to each of the elements added is not known
as a result of the confounding effect of the nutrient combina-
tions used. There was no yield response to MgZn application.
Liming increased the grain yields by about 15 per cent but
the increase was not statistically significant,

At each nutrient combination treatment, grain yields

under mulching were higher than those obtained where residues
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TABLE 5.7 THE EFFECT OF FERTILIZER AND LIME APPLICATION ON THE EARIEAF
NUTRTENT CONTENT.

Fertilizer Application Nutrient Contents
N P K Ca Mg Zn Mn
% Ppm
Control 2,17 0.45 2.24 0.17 0.25 16 126
NPK 2.42 0.48 2.04 0.32 0.28 19 178
NPKMgZn 2.51 0.46 1.95 0.30 0.33 26 149
NPKMgZn + Lime 2.69 0.43 2.12 0.47 0.37 26 104

Lsd (0.05) 0.21 0.05 0.32 0.06 0.05 3 30
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TABLE 5.8 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MALZE GRAIN YIELD.

Residue Management

Nutrient Combinations Mulching  Burning Nutrient
ka/ha Combination Means
Control 1740 1190 1465
NPK 3412 2727 3070
MPKMgZn 2878 2802 2840
NPRMgZn + Lime 3495 3008 3252
‘Residues Management Means 2881 2432 2657
Lsd (0.05) (1) Between Main Treatment means (671)
(ii) Between Fertilizer means (480)

(iii) Between Fertilizer treatments under
one Main treatment (679)

(iv) Between Main treatments
at the same Fertilizer treatment (873)
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of the bush fallow were bugxned, This was an indication that
mulching was slightly better than burning of the residues

in the first year. Although the yield advantage of 449 kg/ha
due to mulching may seem numerically small, it is important
from the subsistence farmers' standpoint.

The addition of NPK increased grain yields by about 110
per cent (nutrient combination means) in the first year in-
dicating that the nutrient content of the Onne soil was low.
Liming did not result in a significant vield increase in the
first year, as was also reported by Friesen (1978) on the same
Ultisol. This may have been related to a lack of soil dis-
turbance during clearing and cultivation, which would have
increased the level of exchangeable Al.

The concentrations of the elements in the grain did
not differ significantly between the mulching and burning
treatments except in the case of N and Ca (Table 5.9). Nitro-
gen content in the grain was significantly higher under mulching
than under burning while the reverse was true for Ca. 1In
addition, the N content in the grain was low as compared to
the optimum levels cited earlier in Chapter 4. The level of
P in the grain may be described as intermediate whereas, the
concentrations of XK, Ca, Mg and Zn seemed to be adequate.

Total uptake of nutrients by the grain (main treatment
means) indicated that N, P, K and Zn were significantly higher
under mulching than under burning (Table 5.10), The uptake of

Ca and Mg was similar between the-two methods of residue
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TABLE 5,9 THE EFFECT OF FERTTLIZER/LIME APPLICATION AND FALLON RESIDUE
MANAGEMENT ON MATZE GRATIN NUTRTENT COMPOSITION,

Treatment

Resldue Nutrient N P K Ca Mg Zn
Management Combinations % ppm
Mulch .Control 1.76 0.39 0.54 0.14 0.15 35
NPK 1.77 0.35 0.45 0.13 0.12 28

NPRMgZn 1.68 0.45 0.58 0.15 0.17 37

NPKMgZn + Lime 1.63 0.41 0.55 0.16 0.15 36

Means 1.71 0.40 0.53 0.15 0.15 34

Burn Control 1.62 0.47 0.64 0.22 0.18 39
NPK 1.60 0.37 0.45 0.19 0.13 28

NPKMgZn 1.55 0.32 0.41 0.15 0.12 27

NPKMgZn + Lime 1.62 0.47 0.63 0.15 0.18 39

Means 1.60 0.41 0.53 0.18 0.15 33
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TABLE 5,10 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALIOW RESIDUE
MANAGEMENT ON MATZE GRAIN TOTAL NUTRIENT UPTAKE,

Treatment

Residue Nutrient N P K Ca Mg Zn
Management Combinations kg/ha gm/ha
Mulch Control 31 7 9 3 3 59
NPK 60 12 15 4 4 96

NPRMgZn 48 13 17 4 5 108

NPKMgZn + Lime 57 15 19 6 5 124

Means 49 12 15 4 4 97

Burn Control 19 6 8 3 2 46
NPK 44 10 13 5 4 77

NPKMgZn 44 9 11 4 3 74

NPRMgZn + Lime 48 14 19 4 5 117

Means 39 10 13 4 4 79

Lsd(0.05) (i) 9 1 2 nd 1 6

(ii) 12 2 9 - 3 46

(iii) 14 2 8 - 2 40

(1) Between Main treatment means

(ii) Between Fertilizer treatments under
one Main treatment

(1i1) Retween Main treatments
at the sare Fertllizer treatment
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management. The higher uptake of the major elements by the

grain due to mulching is probably a confirmation that mulching

was & better method of handling the fallow residues than burning.

Specifically, the uptake of N in check treatments was signifi-
cantly higher under mulching than under burning. This ob-
servation suggests that either N loss due to burning of the
residues significantly lowered the N supplying potential under
the burning treatment or that the N contribution from the
decomposing mulch residues was significant.

The addition of NPK significantly increased the uptake
of N, P and Zn but had no significant effect on K, Ca and Mg
based on the nutrient combination means (Table 5.11). While

it is possible that a deficiency of N and P may have limited

the grain yields, there was no evidence that Zn was deficient.

Probably, Zn uptake by the grain was dependent on the yields.
There was ho significaht increase in the uptake of Mg and Zn
by the grain as a result of MgZn application. The uptake of

P was significantly increased by liming.

5.3.4 Maize stoven yields and nutrdient content,

The stover yields did not differ significantly between
mulching and burning (Table 5.12). The yield trends as well
as the nutrient content were similar to those obtained in
respect of the grains in Section 5.3.3. Both nutrient
contents and uptake in the stovers were higher under mulching

than under burning. This is further evidence that mulching
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TABLE 5.11 THE EFFECT OF FERTILIZER AND LIME APPLICATION
ON UPTAKE OF NUTRIENTS IN MAIZE GRAIN,

Pertilizer Application Nutrient Contents
NP K Ca Mg Zn
kg/ha gm/ha
Control 25 7 9 3 3 53
NPK 52 11 14 5 4 87
NPRMgZn 46 11 14 4 4 91
NPKMgZn + Lime 53 15 19 5 5 121

Lsd (0.05) 9 1 6 nd 2 32
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TABIE 5.12 THE EFFECT OF FERTILIZER/LIME ARPLICATION AND FALIOW RESIDUE

MANAGEMENT ON MATZE STOVER YIELIDS,

Residue Management

Nutrient Combinations Mulching  Burning Mutrient
kg/ha Combination Means
Control 1514 1145 1330
NPK 2724 2407 2566
NPRMgZn 2670 2460 2565
MPKMgZn + Lime 3001 2753 2817
Residues Management Means 2497 2191 2344
Isd (0.05) (i) Between Main treatment means (1039)
(ii) Between Fertilizer means (482)
(1ii) Between Fertilizer treatments under
one Main treatment (682)
(iv) Between Main treatments
at the same Fertilizer treatment (1172)
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was a bettexr method of managing the fallow residues than
burning (App. 5.3 and 5.4). It is also an evidence that
liming did not result in any significant improvement in crop

performance in the first year of cultivation of the bush fallow.

5.3.5 Cowpea index Leaf dry matter yields and nutrient content.
The dry matter yields of the index leaf samples of
cowpea were not significantly different between mulching and
burning as indicated by the means of the two treatments (Ta-
ble 5.13). Yield responses to the residual effects of NPK;
Mg Zn or lime application were not significant (nutrient com-
bination means).
The nutrient concentrations in the index leaves were
not significantly affected by mulching as compared to where
the residues were burned except in the case of Mn (Table 5.14).
The Mn level was significantly higher under mulching than under
burning. However, the leaf Mn levels seemed to be generally
high and suspect. Neither the residual effect of fertilizer
nor of lime application on the leaf nutrient concentrations

was significant (App. 5.5).

5.3.6 Cowpea seed yields and nutrient content.

The average cowpea seed yield of 1149 kg/ha obtained at
the Onne site was good compared with the yields reported in the
area (Wien, personal communication and IITA Annual Reports

1974~1976). Although cowpea yields did not differ significantly
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TABIE 5.13 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLON RESIDUE
MANAGEMENT ON INDEX LEAF DRY MATTER YIEIDS OF COWPEA.

Residue Management
Nutrient Combinations Mulching  Burning Nutrient
Combination Means

Control 0.14 0.12 0.13
NPK 0.12 0.11 0.12
NPRMgZn 0.12 0.10 0.11
NPKMgZn + Lime 0.12 0.09 0.11
Residue Management Means 0.12 0.10 0.11
Lsd (0.05) (i) Between Main treatment means (0.05)
(ii) Between Fertilizer means (0.03)

(iii) Between Fertilizer treatments under
one Main treatment (0.04)

(iv) Between Main treatments
at the same Fertilizer treatment {0.06)
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TABLE 5.14 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON NUTRTENT QOMPOSITION OF COWPEA INDEX LEAF.

Treatment
Residue Nutrient N p K Ca Mg Zn Mn
Management Combinations % Ppm
"Mulch Control 5.40 0.42 1.99 1.49 0.48 48 810
NPK 5.40 0.44 2.13 1.86 0.42 43 754
NPKMgZn 5.30 0.42 1.78 1.50 0.41 55 788
NPKMgZn + Lime 5.30 0.42 1.87 2.33 0.37 53 398
Means 5.33 0.42 1.94 1.79 0.42 50 687
Burn Control 4,70 0.43 2.04 0.98 0.41 41 525
"~ NPK 5.20 0.45 1.88 1.57 0.37 43 559
NPKMgZn 5.30 0.42 1.89 1.89 0.40 55 484
NPKMgZn + Lime 5.20 0.44 2.01 2.14 0.42 49 405
Means 5.07 0.43 1.95 1.64 0.40 47 493

Isd (0.05) (i) 0.35 0.07 0.64 0.14 0.19 9 55
(ii) 0.47 0.04 0.36 0.64 0.06 8 152
(iii) 0.67 0.06 0.51 0.90 0.08 11 215
(iv) 0.67 0.09 0.76 0.16 0.20 13 193

(i) Between Main treatment means
(ii) Between Fertilizer means

(11i) Between Fertillzer treatments under
one Main treatment

(iv} Between Main treatments
at the same Fertilizer treainept
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between mulching and buxning, yilelds due to mulching were
higher at each fertilizer combination treatment (Table 5.15).
There were no significant yield responses due to the
residual effects of fertilizer or lime treatments. However,
the yield increase due to NPK Mg Zn + Lime as compared to
the check indicates that nutrient and lime may have been
beneficial. There are conflicting reports regarding cowpea
response to fertilizer and lime application on the Onne soil.
While Friesen (1978) found no significant yield response to
the addition of 1000 kg/ha of Lime (CaCOB) in the first year,
yvields of cowpea increased significantly in the second vear
as a result of 500 kg/ha of the lime. KXang (1978), also
reported that liming significantly increased cowpea dry matter

yields on the Onne soil used in a greenhouse study. However,

Pulver and Horst in unpublished data, cited by Friesen (1978) found

no significant response by cowpea to liming or to fertilizer
application even after two years of bush fallow cultivation
at the Onne site. The differences between these results and
those of the present study are not easy to explain. They may
be related to cultivar differences, varying fertility levels
and lime sources used for the studies. From the present
study being discussed, there was an indication that yields of
the cowpea could have been better if NPK Mg Zn + Lime had been
applied to the cowpea.

Some leaf chlorosis was observed in the field and this

could be a nutrient deficiency or disease symptom. In green-
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TABLE 5.15 THE EFFECT OF FERTILIZER/LIME ARPLICATION AND FALLOW RESIDUE
MANAGEMENT ON COWPEA GRAIN YIELDS.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
kg/ha Combination Means

Control 1138 1010 1074
NPK 1128 1045 1087
NPRMgZn 1203 1156 1180
NPKMgZn + Lime 1282 1223 1253
Residues Management Mean 1188 1109 1149

Lsd (0.05) (1) Between Main treatment means (160)

(ii) Between Fertilizer means (191)

(iii) Between Fertilizer treatments under
one Main treatment (271)

(iv) Between Main treatments
at the same Fertilizer treatment (279)
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house studies, Kang (19278) found that chloxotic cowpea was N
deficient. The low N content in the ear-~leaf samples of the
previous malze crop indicated that N could have been deficient,
thus confirming Kang's findings. However, the N content of
the cowpea index leaf appeared to be adequate. Therefore,
the observed chlorosis could be due to a multiple nutrient
deficiency or due to Al toxicity.

The nutrient contents in the grain were not significantly
affected either by mulching or by burning of residues except
in the case of Mn. The Mn level was significantly higher due
to mulching than due to burning (Table 5.16). The Mn content
in the grain was generally high but since the grain does not
need to be washed for Mn determination, it seemed that the
previbdusly reported high Mn results in the leaf are true and
showed the right trends. The residual effects of fertilizer
and lime treatments on grain nutrient contents were not

statistically significant (App. 5.6).

5.3.7 Day matten yields of maize, nutrient content and uptake
two weeks aftern planting (ZWAP) 4in 1979.
The dry matter yields of maize at 2WAP were lower than
those obtained at about the same stage of growth in 1978.
This decline in dry matter yields was an indication that early
plant growth and establishment was poorer in 1979 than in 1978.
The difference in the mean plant dry matter yields between

mulching and burning was nearly significant (Table 5.17).
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TABLE 5.16 THR EFFECT OF FERTILIZER/TLIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON NUTRIENT COMPOSTITION OF COWPEA GRAIN,

Treatment
Residue Nutrient N P R Ca’ Mg Zn Mn
Management Combinations % pom

Mulch Control 3.85 0.49 2.31 0.02 0.24 44 75
NPK 4.02 0.47 2,58 0.02 0.23 39 83

NPKMgZn 3.64 0.46 2.26 0.02 0.23 49 75

NPKMgZn + Lime 3.64 0.47 2.31 0.02 0.22 46 64

Means 3.79 0.47 2.36 0.02 0.23 44 74

Burn Control 3.57 0.50 2.40 0.02 0.23 44 79
NPK 3.65 0.49 2.35 0.02 0.25 43 64

NPKMgZn 3.74 0.47 2.33 0.02 0.22 49 64

NPRMgZn + Lime 3.84 0.46 2.30 0.02 0.22 42 53

Means 3.70 0.48 2.34 0.02 0.23 44 65

Lsd (0.05) (i) 0.19 0.02 0.27 nd 0.01 4 8

(ii) 0.30 0.02 0.11 0.02 3 11

(iii) 0.42 0.03 0.15 0.03 5 15

(iv) 0.41 0.03 0.30 0.63 5 15

(i) Between Main treatment means
(ii) Between Fertilizer means

(iii) Between Fertilizer treatments under
one Main treatment

(iv) Between Main treatments
at the same Fertilizer treatment
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TABLE 5.17 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE DRY MATTER YIELDS ON MATZE TOPS AT THO WEEKS
AFTER PIANTING (2WAP) IN 1979,

Residue Management

Nutrient Combinations Malching  Burning Nutrient
gm/plan Combination Means

Control 0.55 0.46 0.51
NPK 0.60 0.64 0.62
NPKMgZn 0.76 0.63 0.70
NPKMgZn + Lime 0.73 0.48 0.61
Residue Management Means 0.66 0.55 0.61
Lsd (0.05) (i) Between Main treatment means (0.12)
(ii) Between Fertilizer means (0.15)

(iii) Between Fertilizer treatments under
one Main treatment (0.21)

(iv) Between Main treatments
at the same Fertilizer treatment (0.21)
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Baged on the nutrient combinatlon means, responses to the
addition of NPK, MgZn or to the residual effect of liming

were not significant. However, the response to NPK + MgZn

was significant as compared to the check., This response was
probably an indication that some or all of these nutrients may
be limiting growth of maize at this stage. This observed
effect of NPK + Mg Zn was significant under the mulch treat-
ment as compared with the check of that residue method.

The plant content of nutrients was generally higher than
in 1978 mainly due to a poorer growth in 1979. Only the plant
contents of N and Mn were significantly affected by residue
treatments (Table 5.18). Both elements were significantly
higher under mulching than under burning. The addition of NPK
caused a significant increase in N and P contents and also
significantly decreased Mg and Mn contents probably as a result
of dilution (Table 5.19a). The contents of Mg and Zn increased
significantly following Mg Zn application. The effect of residual
lime on nutrient contents was not significant except in the
case of Mn where residual lime significantly depressed the
plant Mn content.

The uptake of nutrients showed that N, Ca, Zn and Mn
were significantly higher as a result of mulching than as a
result of burning (Table 5,20). The uptake of N and P was
significantly enhanced following the addition of NPK as shown
by the nutrient combination effects (Table 5.1%b). Phosphorus,

Mg and Zn uptake was also significantly enhanced by the addition
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TABLE 5.18 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON NUTRIENT COMPOSITION OF MATZE TOPS AT VAP,

Treatment

Residue Nutrient N P R Ca Mg Zn Mn

Management Cambinations % Ppm
Mulch Control 4,68 0.48 4.06 0.84 0.57 44 349
' - NPK 5.65 0.73 4.67 0.83 0.43 47 281
NPKMgZn 5.19 0.66 4.34 0.85 0.51 76 255
NPRMgZn + Lime 5.36 0.71 4.85 1.00 0.49 81 124
Means 5.22 0.65 4.48 0.88 0.5 62 252
Burn Control 4,02 0.45 4.48 0.97 0.58 45 206
NPK 4.93 0.65 4,55 0.78 0.37 42 184
NPKMgZn 5.18 0.66 4.85 0.84 0.50 85 180
NPKMgZn + Lime 5.38 0.69 5.28 1.01 0.49 82 105
Means 4.88 0.61 4.79 0.90 0.49 o4 169

Isd (0.05) (i) 0.15 0.07 0.71 0.37 0.14 4 71
(ii) 0.46 0.07 0.59 0.32 0.15 12 58
(iii) 0.42 0.09 0.86 0.47 0.19 11 85

(1) Between Main treatment means

(ii) Between Fertilizer treatments under
one Main treatment

(1ii) Between Main treatments
at the same Fertilizer treatment
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TABLE 5.19  THE FFFECT OF FERTILIZER AND LIME APPLICATION ON NUTRIENT
CONTENT AND UPTAKE IN MATZE AT 2WAP IN 1979.

a) Fertilizer Application

NP K Ca Mg Zn  Mn
£ ppm

Control 4.35 0.47 4.27 0.91  0.58 45 278

NPK 5,29 0.69 4.61 0.81  0.40 45 233

NPKMgZn 5.19 0.66 4.60 0.85  0.51 81 218

NPKMgZn + Lime 5.37 0.70 5.07 1.01  0.49 82 115

ILsd (0.05) 0.32 0.05 0.42 0.26 0.11 8 41

b) Fertilizer Application

N P K Ca Mg Zn Mn

mg/plant ug/plant

Control 21 3 22 5 3 22 139
NPX 32 4 29 5 3 27 137
NPRMgZn 36 5 33 6 4 56 153
NPKMgZn + Lime 30 4 30 7 3 49 71

Lsd (0.05) 7 1 8 2 1 10 343
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TABLE 5.20 THE FFFECT OF FERTILIZER/LIVE APPLICATION ATD PAILOW RESIDUE
MANAGEMENT ON TOTAL NUTRIENT UPTAKE IN MAIZE AT 2WAP (1979).

Treatment
Residue Nutrient N P K Ca Mg Zn Mn
Management  Application ‘ " mg/plant ug/plant
Mulching Control 26 3 23 5 3 24 187
NPK 34 4 28 5 3 28 164
NPRMgZn 39 5 34 6 4 58 193
NPKMgZn + Lime 39 5 35 8 4 59 94
Means 35 4 30 6 4 42 160
Burning Control 18 2 21 4 3 20 91
NPK 30 4 29 5 2 26 110
NPKMgZn 32 4 31 5 3 53 113
NPKMgZn + Lime 25 3 25 5 2 39 48
Means 26 4 27 5 3 35 91
Isd (0.05) (i) 6 1 8 1 1 7 43
(i1) 7 1 8 2 1 10 34
(iii) 10 1 11 3 1 14 48
(iv) 10 2 13 3 1 13 58

(i) Between Main treatment means
(ii) Between Fertilizer means
(iii) Between Fertllizer treatments undexr
one Main treatment

(iv) Between Main treatments
at the same Fertililzer treatment
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of Mg Zn., Liming in 1978 regulted in a significant decrease

in P and Mg uptake under burning,

5.3.8 Ean-fLeaf dry matten ylelds and nutrdent content in 1979.

In 1979, the dry matter yields of maize ear-leaf samples
did not differ significantly between mulching and burning
(Table 5.21). A similar result was obtained in 1978. There
was a significant increase in dry matter yields of the ear-
leaf samples as a result of NPK addition. The responses to
Mg Zn or to residual effect of lime were not significant.

The nutrient contents in the ear-leaf were not signifi-
cantly affected by mulching as compared to where the residues
were burned except in the case of Mg which was significantly
higher under mulching (Table 5.22). The mean N content of
the ear-leaf was lower than the lower level of the range
(2.75 -3.25) considered to be adequate in the literature cited
elsewhere in this thesis. The concentrations of P, X, Ca, Mg,
zn and Mn appeared to be adequate on the same basis of evalua-
tion. It would appear that N may have been limiting maize
performance as was confirmed in the field by the yellowing of
maize even where N had been applied. There was evidence from
greenhouse studies that P was the most limiting element on
this soil. Therefore, P could also be as limiting as was N
despite the "adequate" concentration of the P in the ear-leaf
tissue. Probably, a poor maize growth in 1979 resulted in a

high content of P in the leaf. <The nutrient problem on the
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TABLE 5.21 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE DRY' MATTER YIEIDS OF MATZE EARLERE,

Residue Management

Nutrient Combinations Mulching Burning Nutrient
gm/leaf Combination Mean
Control 3.1 2.7 2.9
NPK 4.1 3.7 3.9
NPKMgZn 4.1 4.2 4.1
NPKMgZn + Lime 4.2 4,2 4.2
Residue Management Means 3.9 3.7 3.8
Lsd (0.05) (1) Between Main treatment means (0.5)
(ii) Between Fertilizer means (0.5)

(1ii1) Between Fertilizer treatments under
one Main treatment (0.7)

(iv) Between Main treatments
at the same Fertilizer treatment (1.1)
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TABLE 5.22 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESTDUE
MANAGEMENT ON THE NUTRLENT COMPOSTTION OF MAIZE EARLEAF,

(1) Between Main treatment means

(11) Between Fertilizer treatments under

one Main treatment
(iil) Between Main treatments

at the same Fertillzer treatment

Treatment
Residue Nutrient N P K 'Ca Mg iIn Mn
Management Addition % Prm
Mulch -Control 1.94 0.49 2.15 1.16 0.26 43 350
NPK 2.86 0.53 2,40 1.25 0.18 45 345
NPKMgZn 2.86 0.48 2,28 1.23 0.23 55 355
NPRMgZn + Lime 2.91 0.49 2.42 1.31 0.20 51 310
Means 2.64 0.50 2.31 1.24 0.22 49 340
Burn Control 2,11 0.45 2.71 1.07 0.19 39 290
NPK 2.77 0.49 2,54 1,20 0.15 39 320
- NPKMgZn 2.84 0.46 2.29 1.32 0.19 60 330
NPKMgZn + Lime 2.93 0.42 2,60 1.30 0.19 54 275
Means 2,66 0.46 2.54 1.22 0.18 48 304
Isd (0.05) (i) 0.21 0.05 0.56 0.15 0.04 48
‘ (ii) 0.33 0.09 0.47 0.10 0.04 38
(iii) 0.35 0.09 0.68 0.17 0.05 10 57
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Onne soil at this time may not be confined to N and P although
it seemed that N deficilency could be more pronounced than that
of P or any other element.

The addition of NPK resulted in a significant increase
of the leaf contents of N and Ca but at the same time, the
Mg content was significantly decreased (Table 5.23). The
application of Mg Zn significantly increased Mg and Zn contents.
There was a significant decrease in leaf Mn content due to the
residual effect of liming which had no significant effect on

the contents of the other elements.

5.3.9 Madlze grain yields, nutrient confent and nutrient uptake
by grain in 1979,

The average maize grain yield in 1979 was 37 percent

lower than in 1978. The yields due to burning were significantly

higher than those due to mulching as shown by the mean yields
of the methods of residue management (Table 5.24). In three
out of four fertilizer treatments, yields due to burning were
higher than but not significantly different from those due to
mulching. The total grain yields in 1978 and 1979 still in-
dicated that mulching was better than burning by 181 kg/ha.
There was a significant grain yield increase resulting
from the addition of NPK. This increase was attributed to
the effect of all three elements. The yield increase in 1979
due to NPK application represented nearly 267 per cent compared

with 110 per cent increase in 1978 due to the same fertilizer
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TABLE 5.23 THE EXFECT OF FERTILIZER AND LIME APPLICATION ON THE
NUTRIENT CONTENT IN MAIZE EARLEAF IN 1979,

Fertilizer Application Nutrient Contents

v r K ca o m  om
3 ppm

Control 2.03 0.47 2.43 1.12 0.23 41 320

NPK 2.82 0.51 2,47 1.23 0.17 42 333

NPKMgZn 2.85 0.47 2.29 1.28 0.21 58 343

NPKMgZn + Lime 2,92 0.45 2,51 1.31 1.20 53 293

ILsd (0.05) 0.23 0.06 0.34 0.07 0.03 6 27
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TABLE 5.24 THE EFFECT OF FERTILLZER/LTME APPLICATION AND FALIOW RESIDUE
MANAGEMENT ON MATZE GRAIN YTELDS,

Residue Management

Mutrient Carbinations Mulching Burning Nutrient
kg/ha Combination Means
Control 556 595 576
NPK 2190 2036 2113
NPKMgZn 1682 2233 1958
NPKMgZn + Lime 1799 2355 2077
Residue Management Means 1537 1805 1681
Lsd (0.05) (i) Between Main treatment means (249)
(ii) Between Fertilizer means (527)

(1ii) Between Fertilizer treatments under
one Main treatment (746)

(iv) Between Main treatments
at the same Fertilizer treatment (687)



-216-

treatment, However, the absolute yield increases wexe 1605
and 1537 kg/ha in 1978 and 1979, respectively. Therefore,
the soil nutrient content in the first year of the fallow
cultivation was higher than in the second year. The lower
soil nutrient base in 1979 resulted in a higher per cent
yield response to NPK application. When the yields under
check treatments (no fertilizer treatment) were compared in
both years, the reduction in 1979 was 61% as compared to the
vields in 1978. This result was a confirmation of the
assertion that the soil nutrient content in 1979 may have been
considerably depleted. The yield results at this site in 1979
are a clear indication that the decline in fertility is one
of the major reasons why the subsistence farmer "shifts" or
rotates the fallow sites. However, in the present study, the
low maize yields in 1979 were preceded by a good yield of
cowpea. This result suggests that with good management, at
least two crops can be grown on the Ultisol in the first year
following the clearing of the bush fallow. Without a higher
nutrient addition in the second year, it may not be economical
to grow crops such as maize, which have a high nutrient re-
quirement. Cassava, which is the major staple food crop in
most of the rainforest areas of Southern Nigeria, or other
crops with a lower nutrient requirement and management demands
may be a better alternative.

Nutrient concentrations in the grain did not differ

slgnificantly between mulching and burning (Table 5.25).
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TABLE 5.25 THE EFFECT OF FERTTLIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON NUTRTENT COMPOSITION OF MALZE GRAIN.

Treatment

Residue Nutrient NP K Ca Mg Zn
Management Addition % pom
Mulch Control 1.76 0.31 0.63 0.014 0.17 32
NPK 1.95 0.34 0.64 0.013 0.18 28

NPKMgZn 1.67 0.36 0.68 0.014 0.20 38

NPKMgZn + Lime 1.88 0.38 0.73 0,013 0.20 38

Means 1.82 0.35 0.67 0.014 0.19 34

Burn Control 1.72 0,38 0.73 0.011 0.20 36
NPK 1.87 0.33 0.64 0.016 0.17 28

NPRMgZn 1.85 0.43 0.82 0.015 0.23 41

NPKMgZn + Lime 1.75 0.40 0.78 0.014 0.21 38

Means 1.80 0.39 0.74 0.014 0.20 36

ILsd (0.05) (i) 0.29 0.12 0.19 0.002 0.06 nd
(ii) 0.14 0.07 0.13 0.004 0.04 nd
(iii) 0.33 0.13 0.22 0.004 0.07 nd

(i) Between Main treatment means

(i1) Between Fertilizer treatments under
one Main treatment

(iil) Between Main treatments
at the same Fertilizer treatment
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The N content in the grain was below the level considered
adequate. The grain contents of P, K, Mg and Zn were inter-
mediate to adequate but the Ca content was quite low.

The grain N content increased significantly following
NPK application but this treatment had no significant effect
on the other nutrients (Table 5.26a). The addition of Mg Zn
resulted in a significant depression of grain N content but
also caused a significant increase in P, Mg, K and Zn contents.
Lime applied in 1978 had no significant effect on the concen-
tration of any of the elements evaluated.

Nutrient uptake by the grain did not vary significantly
between mulching and burning (Table 5.27). The average grain
- N uptake was 6 per cent lower in 1979 than in 1978 although
N recovery from applied N was the same in both years. The
uptake of P by the grain was 10 per cent lower in 1979 than
in 1978 and P recovery from applied P fertilizer was also 10
per cent lower in 1979 than in 1978. These results are an
indication that both N and P could have been de ficient in
1979 or inefficiently utilized. However, related to the yields
obtained in 1979, the reductions are less suggesting that yield
reductions may also be due to other elements. The grain up-
take of K and Mg in both years was similar but Ca recovery
in the grain was 94 per cent lower in 1979 as compared to 1978.
The low grain content and uptake of Ca suggests that Ca was
lost from the soil system by leaching and this may have reduced

the plant uptake of this element, This result partially con-
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TARLE 5.26  THE EFFECT OP FERTILIZER AMD LIME APPLICATION ON THE
NUTRTENT CONCENTRATTON AND UPTAKE IN THE GRAIN IN 1979.

. a) Fertilizer Application . Nutrient Content
: N P K Ca Mg Zn
3 ppm
Control 1.74 0.35 0,68 0,013 0.19 34
NPK 1.91 0,34 0.64 0.015 0.18 28
NPRMgZn 1.76 0,40 0,75 0.015 0.22 40
NPKMgZn + Lime 1.82 0.39 0.76 0.014 0.21 38

Lsd (0.05) 0.14 0.05 0.09 0.003 0.03 12

b) Fertilizer Application

N P K Ca Mg Zn
kg/ha gn/ha

Control 10 2 5 0.08 1 20
NPK 40 7 14 0.30 4 59
NPKMgZn 35 8 15 0.28 4 78
NPKMgZn + Lime 44 8 16 0.28 5 79

Isd (0,05) 9 2 4 0.03 1 20
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Treatment

Residue Nutrient N P K Ca Mg Zn
Management Addition kg/ha mg/ha

Mulch Control 10 2 6  0.08 1 18

: NPK 41 7 14 0.28 4 61

NPKMgZn 28 6 11 0.24 3 64

NPKMgZn + Lime 46 7 13 0.23 4 68

Means 31 6 11 0.21 3 53

Burn Control 10 2 4 0.07 1 21

* NPK 38 7 13 0.33 4 57

NPRMgZn 41 10 18 0.33 5 92

NPKMgZn + Lime 42 9 18 0.33 5 89

Means 33 7 13 0.27 4 65

Isd (0.05) (i) 8 3 4 0.04 1 20

(ii) 9 2 .} 0.03 1 20

(1ii) 12 3 6 0.02 2 28

(iv) 13 4 6 0.02 2 31

(1) Betweem Main treatment means
(1i) Between Fertilizer means
(1ii) Between Fertilizer treatments under
one Main treatment
(1v) Between Maln treatments

at the same Fertillizer treatment
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firms the suggestion by Friesen (L978) that the Ca concentra-
tion in the Onne soil system could become critically low in
the second year of cultivation without liming. Based on
leaching studies on the Onne soil, Friesen (1978) further
suggested that the soil Ca level could be depreciated when
the soil is fertilized with NPK without the addition of lime.
Both Ca and Mg could be lost as nitrates and the loss may
induce their deficiencies.

Tt is difficult to attribute the yield reduction in
maize yields in 1979 to the deficiency of any specific nutrient
but the results indicate that a lower nutrient content in 1979
was the most important factor. The increasing exchangeable
Al content in the soil as well as the declining soil pH with
time (Chapter 6) provided a further indication that crop
yield decline on this Ultisol in 1979 was related mainly to

a low soil nutrient level.
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5,4 Summayry and Conclusion

A comparlson of the effects of Mulching and Burning
with and without fertilizer and lime application on crop
yields and nutrition was investigated on an Ultisol in
Southeastern Nigeria. In two years of the investigation, two
crops of maize and one of cowpea were grown.

There were no pronounced differences in crop yields
between mulching and burning in the first year indicating
that the physical and chemical differences between the two
residue management methods may be small. In the second year,
yields due to burning were markedly higher than the yields
due to mulching but, the total yields for the two years were
higher as a result of mulching.

Nutrient retrieval from the residues is likely to be
higher when the residues are used as mulch than when they are
burned. This advantage may account for the higher total
nutrient uptake under mulching and also for the higher overall
yields due to mulching than due to burning. In addition, by
providing a protective cover over the soil, mulch reduced the
effect of leaching and subsequent nutrient loss. The results

do not support the continued practice of fallow burning which

may be more labour demanding than mulching., However, the major

advantage of hurning in this investigation seems to be the
provision of a cleaner seedbed which facilitates cultural

practices in the field.
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Fertilizer application increased crop yields in both
years. The yleld response to fertilizer was similar in both
years but the actual grain yield increase of maize was smaller
in the second year. The difference was due to a lower soil
nutrient level in the second year. Therefore, higher crop
yields in the second and subsequent years of cultivation would
require higher fertilizer application than was used in this
study.

Liming the Onne Ultisol is regquired to reduce possible
Al toxicity but liming did not prove to be very beneficial
in the first year for two main reasons. Firstly, the ex-
changeable Al content was low compared with the level expected
to result in lime response. Secondly, the cultivation tech-
nigque used in this investigation involved a minimal distur-
bance of the sub-soil which contains a high exchangeable Al
content. Hence, the danger of increasing exchangeable Al in
the root zone by soil disturbance was reduced. However,
there was strong evidence from cowpea grown in the first
year and also from the second maize crop, that liming would
have been necessary after the first maize crop and in the
subsequent year of cultivation. The lime would be required
at this time to supply adequate soil Ca and prevent yield
reduction due to Al toxicity,

The yields at the Onne site, especially of the maize,
were lower than at the Ikenne site at comparable treatments

although the fallow biomass production and nutrient storage
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were higher at the former site, Therefore, crop yields on
the typlcal fallows 1n Southern Nigeria may not be related
to either the fallow biomass production or the nutrient
storage. Yields obtained at the two representative sites
seem to have been dependent on the level of soil fertility.
Thus, the yields were higher on the Ikenne Alfisol soil which
had a higher cation exchange capacity than the Ultisol at
Onne. The rainfall was lower at the Alfisol site and this
may have reduced the incidence of nutrient loss by leaching.
From results at the Onne site in particular, one can
conclude that on similar Ultisols in Southern Nigeria, two
crops of maize and cowpea can be successively grown with NPK
following the slashing of the bush fallow vegetation. Burning
of the slashed residue does not provide any major nutrient
advantage over mulching. Mulching is considered more beneficial
in terms of its effect on nutrient supply, soil protection and
subsequent yields. However, where slashed residues are large
and are likely to hinder field operations, light burning is
recommended to help provide a cleaner seedbed. Light burning
as is usually practised by most subsistence farmers is neither
destructive of soil properties nor detrimental to plant per-
formance.
Nitrogen may be applied at 200 kg/ha over a two-year
period but the level of P may have to be increased beyond
40 kg/ha in the second and subsequent years of cultivation.

Further investigations need to beé carried out to establish
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the most suitable levels of N and P, The methods of N
placement that will reduce leaching losses willl need to be as-
certained. Based on other results reported elsewhere in this
thesis, the major factor affecting P availability on the
Ultisol is fixation. Perhaps, not more than 40 kg/ha of P

may be needed for optimum yields if a more efficient method of
application can be developed to reduce P adsorption. Since
there was no response to K, the level used in this study seemed
adequate but it may be increased above 40 kg/ha as cropping,

is extended and liming becomes necessary. Other nutrients

such as Mg are needed at minimal amounts to help maintain
nutrient balance in the soil. The Mg requirement may be satis-
fied by the use of dolomitic limestone as a lime source.

Minimal soil disturbance will reduce the level of lime
required in the first year of cultivation to lower the danger
of Al toxicity. Probably, in the second and subsequent years,
about 1000 kg/ha of lime would be needed to maintain a de-
sirable soil Ca level and an optimum soil pH. A lime plan will
need to be developed based on soil tests.

From the yield results in the second year, it is postula-
ted that it may be uneconomical to grow high nutrient demanding
crops such as maize at this time. Therefore, it is suggested
that other crops such as cassava, with a much lower soil nu-
trient requirement and less management demand be grown after
a legume. The legume ltself may help to reduce the amount of

N required in the second and later years of cultivation. The
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cassava is particularly suited for the rotation since it is
the major staple in Southern Nigeria and also has a high
tolerance for soil acidity. Such a management system may be

a good approach to a profitable crop production as cultivation

is intensified on the Ultisol.



Chapter 6: A Comparison of Mulching and Burning with and
without Fertilizer and Lime Application on the Chemical
Properties of Representative Alfisol and Ultisol Soils

in Southern Nigeria.

6.1 Introduction and Literature Review

It has been suggested by Nye and Greenland (1960) that
the efficiency of nutrient recovery by the roots of fallow
species rather than the fertility of the soils is responsible
for the luxuriance of tropical vegetation. These authors also
considered the decline in the fertility of the soils after
only a short period of cultivation and attributed it to the low
amounts of available nutrients initially present. The crop
vield declines in the second year of cultivation on these soils,
as reported in Chapters 4 and 5 were in part, a confirmation of
the drop in the fertility level of the soil especially on the
Ultisol.

Generally, it is believed that bush fallow burning is an
effective means used by the shifting cultivator to recover the
nutrients in the above ground parts of the biomass. While this
may be true, evidence from the present study has shown that
there could be substantial N loés from the residues as a result
of burning. Furthermore, burning of the fallow residues did

not cause a yield increase in relation to the retention of the
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residues as mulch. These ohsexvations suggest that burning
was not essential as a means of retrieving the nutrients in
the fallow biomass.

The retention of the residues as mulch will provide soil
cover against the impact of rainfall and so decrease nutrient
losses by erosion and leaching (Lal, 1974). The slow decom-
position of mulch residues may minimize the loss of volatile
elements and increase the availability of inorganic soil
nutrients. This is important especially in areas of Southern
Nigeria where fertilizer use is rare. The advantages due to
mulching, as suggested above, may account for the higher yields
obtained on the two soils where the residues were retained as
mulch. Mulching may be particularly advantageous on steep
slopes and in high rainfall sites as in some areas of Southern
Nigeria.

The effect of burning on some specific chemical proper-
ties of soils in the tropics has been extensively reviewed in
literature. Some of these properties include:

(a) Sodil pH: Nye and Greenland (1964) reported that burning
of fallow residues on a Ghanaian Alfisol resulted in an increase
of pH in the top 0~5 cm soil depth from 5.8 to 8.1. Castro de
Suarez (1957) found that after fallow residue burning, there

was an increase in soil pH from 4.6 to 5.4, He also reported
that the burning of crop residues after harvest resulted in
smaller pH increases as compared with fallow residue burning.

Popenoe (1957) reported an increase in pH of the top soil from
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5.8 to 6,4, The increase was followed by a decline to the
original soil pH in the second year in plots that were burned
but not cropped. Watters and Bascones (1971) obtalned a small
increase of 4.1 to 4,4 in the 0~8 cm in the Venezuelan Andes.
Data compiled by North Carolina State University (1973,1974),
Boyle (1973), Lalet af. (1974) confirmed similar increases in
soil pH after burning. However, there is a consensus that

these increases are short-lived.

(b) Organdic mattern (pern cent C): A decrease in soil organic
matter due to burning is suggested in literature as being minimal.
This is probably because the temperature reached during burning
is not high enough to effect a significant combustion of soil
organic matter. In fact, small increases after burning have
been reported by Nye and Greenland (1964); Popenoe (unpublished
data). This was attributed to the presence of charcoal par-
ticles in the soil. Generally, organic matter in the top soil
depths declines as a result of increasing soil temperatures
caused by exposure and also as a result of dilutioen by tillage
implements. Brams (1971), found that the soil organic matter
decline on a Sierra Leonian Oxisol was high within the first
five years after burning and cultivation. The sharpest drop
occurred in the first year. Nye and Greenland (1964), did not
obtain any pronounced decline in relation to the preburn level
in Ghana. However, they reported organic matter declines in

subsequent years of cultivation. The magnitude of organic
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matter dimunition after burning may ke related to the initial
or preburn level. Thils may explain the difference between the
results from Sierra Leone and Ghana since the organic matter
level was lower 1in the Sierra Leonian Oxisol.

Most workers in the tropies suggest that changes in the
soil organic matter status in the traditional shifting cultiva-
tion system are small. When marked declines occur as a result
of cultivation, they do so in the first few months after burning

and exposure of the soil with cultivation (NCSU 1973).

(c) Avadilable P: 1In Guatemala, Popence (unpublished data)
found that available P in the 0-5 cm depth quadrupled after
burning of the bush fallow residues. This increase was followed
by a decline six months later but the available P determined by
Bray I method, was still twice the pre-burn level twelve months
afterwards. Similar trends were obtained in Colombia and
Venezuela by Castro de Suarez (1957) and by Watters and Bas-
cones (1971), respectively. Urrutia (1967) suggested that P
was less mobile than the exchangeable bases and this immobility
enhanced P conservation in the soil. Recent studies by Boyle
(1973) and Seubert ef af. (1977) have confirmed the increase
in available P after burning but the effect was not as long
lasting as was suggested by Urrutia (1967).

Despite the suggestion by Nye and Bertheux (1957) that
P deficilencies may not be observed in the forest zones as a

result of the efficiency of nutrient recovery by fallow species,
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greenhouse and fleld investigations in earlier sections of
this thesils confirmed that P was the most deficient element
on the Alfisel and Ultisol soils. Such P deficiencies are

likely to be pronounced if the P in the fallow cycling system

is as small as was reported in Chapter 2.

(d) Exchangeable bases: The amounts of the exchangeable bases
reported to be added to the soil after burning have been
variable. Nye and Greenland (1964) showed that large amounts
of Ca, Mg and K were added by the ash. Data from North Carolina
(1973, 1974) and results obtained by Boyle (1973) and Seubert
et al. (1977) confirmed nutrient increases after burning but
the increase was less than was reported by Nye and Greenland
(1964). The North Carolina studies reported large leaching
losses of Mg and K in the first year of cultivation following
burning but loss of Ca was less. Popenoe (unpublished data)
found that the exchangeable X in the 0-5cm depth tripled after
burning but decreased by one-third of the new value within only
three months. Potassium returned to its initial level before
the end of the first year of cultivation. Popenoe also found
that Ca and Mg increaéed by 50 and 75 per cent, respectively,
in the 0-5cm depth but returned to original levels within
twelve months after burning. Later studies by Popenoe (1957)
confirmed that Ca and Mg moved beyond the 40 cm depth in the
first year after burning, Seubert et af. (1977) obtained

similar results. These results indicater that burning may
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have similarx effects on most solls in the tropics but the
magnitude and duration of the effects will wvary from one
fallow or soil site to another. The length of the fallow,
nature of burned vegetation, the soil order, the amounts of
nutrients accreted as ash and the moisture regimes are some
factors which determine how long the nutrient effects of the
ash may last.

Crop removal, erosion, leaching and run-off are processes
which increase nutrient losses. These losses can be serious
in high rainfall areas such as at Onne (Ultisol). At Ikenne
(Alfisol), where the rainfall is less, the losses due to leach-
ing may be less but they are still serious especially in respect
of those elements already in short supply. Fertilizer applica-
tion is one major step taken to replenish these losses. 1In
the high rainfall areas of Southern Nigeria, leaching of
cations accelerates the development of soil acidity. The addi-
tion of acid forming N-fertilizer to the already low pH soils
in the area of this study further increases the problem of soil
acidity. The method of fertilizer management has been shown
by Dunton et af. (1954) as cited by Obi (unpublished paper)
to affect soil reaction. For example, there is a marked
increase in soil acidity in the vicinity of banded fertilizer
as a result of hydrolysis of Aluminum. While broadcasting
may reduce the level of acidification, leaching loss of N may
be facilitated and so N utilization will be limited. The

leaching of bases such as Ca, Mg and K will lead to increased
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contents of Al In the soil and cause Al toxicity,

An adequate knowledge of the changes in the chemical
properties of the representative soils in Southern Nigeria as
influenced by time, land management and fertilizer use is vital.
This information is required to help in (a) selecting appropriate
crops and cropping sequences, (b) maintaining reasonable crop
yields and adequate soil fertility level as cropping is inten-
sified. This section of the thesis has two main objectives:

(a) to ascertain the effects of the traditional method of
fallow burning on certain soil chemical properties and

(b) to monitor systematically the chemical properties of the
Alfisol and Ultisol soils under burning as compared to mulching,

with and without fertilizer and lime (Ultisol) application.

6.2 Materials and Methods

The sites on which the cropping trials (Chapters 4 and 5)
were established were used for this portion of the investiga-
tion. The sites were selected and described in late November,
1977 (Details are given in Section 2.3.1 and in the Appendix).
The first set of soil samples was taken from three depths of
0-7.5; 7.5-15; and 15-30 cm, respectively and from the dne m2
plots which were randomly selected for the biomass studies in
Chapter 2. A total of thirty-two samples was taken for each
of the three depths at both Ikenne and Onne. These samples
were analyzed as described elsewhere in this thesis and they

represent the preburn fertility level of the soils.
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When the cut fallow vegetation was sufficlently dry, the
30 sq. metre experimental plots were lald out as described in
Chapter 4. The dry litter was burned within the plots. Based
on treatment and replication numbers, there were a total of
48 and 32 plots at Ikenne and Onne, respectively, and half of
these was burned at either location. Within each of the
experimental plots, four zones were randomly selected and
marked with numbered bamboo stakes. These zones were per-
manently used to demarcate the soil sampling sites through
the entire period of the investigation (1978/1979). This was
done for all plots whether the residue was burned or used as
mulch.

The second set of soil samples was taken a day after
burning and only from the burned plots and from around the
zones referred to above. These samples were taken from the
three soil depths being studied and at each of the four zones
within the plot. Soil samples from similar depths were then
bulked on a replicate basis. This procedure was used for all
subsequent sampling in the field following the application of
fertilizer and lime treatments. The permanent sampling site
procedure was used in order to minimize soil variability.

This second set of soil samples was analyzed and used as an
estimate of the effect of burning on soil chemical properties.
The batches of soil samples taken systematically at

various dates were air~dried, sieved with a 2mm sieve and

analyzed as described in Section 2.3,2,1.
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6.3 Results and Riscussion

6.3.1 The Effect of Burning ¢4 Bush Fallow Resddues on the
Chemical Propenties of Lthe Thenne AL{Lsol.

(a) Soif pH: There was an increase in soil pH of the Alfisol
following the burning of the fallow residues. The increase
was most pronounced at the 0-7.5 cm depth [Table 6.1]. There
was little effect of burning on soil pH at the 15-30 cm soil
depth. The rise in pH of the top soil compared favourably
with results obtained by Castro de Suarez (1957) and Popenoce
(1957) but the increase was smaller as compared with the data
of Nye and Greenland (1964) on a Ghanaian Alfisol. These
differences may be a reflection of the type of fallow, the
amount of residues burned and the intensity of the burning.
For short fallows such as the Ikenne, the increase in soil pH

after burning may not be very remarkable.

(b) Onganic mattern (per cent C): The percent organic carbon
increased at all the three depths after burning. The greatest
increase occurred at the 0-7.5 cmdepth. The observed increase
in organic carbon was most likely due to the presence of
charcoal particles after burning rather than a reflection of
an increase in soil organic matter per se. Similar results
were obtained by Nye and Greenland (1964) and the same conclu-
sion was drawn by these authors. The observed increases of

carbon at the lower soil depths may be due to soil contamination



ouuSyI 3R burtwing IS3IV »
*SuUSyI Je buTuIng 910J9g i

%

9€°0 20°0 LO°T LS° € 09°T £€9°0 0¢°9 I9v
80°0 200 26°0 T6°¢ 08°0 6% °0 0T°9 Idd
WO 0 - ST
LE°0 70°0 oc°¢ 8V ¥ 00°¢ T6°0 00°9 Iavy
80°0 €0°0 0L°T 66°¢ 00°T ZL 0 00°9 Igd
| WO ST - S°L
6 *
™
T
Zc°0 0g°0 06°¢ 00°TT 00°€T 4 0Z°L »xI9Y
90°0 £€T°0 09°¢ 89°L 0g°¢ A 0T°9 w1dd
WO G°L - 0
5 001/5uw
u ! B =) (Wdd) (%)
SUOTIR) STUeloRIIXY uﬂ%% Jd-T1 Aexg D oTuebip Hd TTOoS SWITL,
*TTOSIIIV ANNEDII HdHL :
Jd0 SHLIFHACHd "INOINHHD TIOS HWOS NO ONINGNd dNAIsSHI MOTIVA 40 IDHALH HHL T°9 TIaV.L



-237-

at sampling or to soil variability.

(c) Avadilable P: The available P determined by the Bray I -
method was quadrupled at the 0~7.5 cm depth after the burning
of residues. This was probably an indication that the
burning increased the available P content of the soil. However,
the recovery of P in the ash as was shown in Chapter 2, was
small. Therefore, the increase in available P in the top soil
was only partially due to the ash. Seubert et af. (1977) had
also reported that the increase in available P after burning
in Yurimaguas exceeded the P content of the ash. They attri-
buted the increase to a rapid mineralization of organic P

from the roots as well as from the leaves of fallow vegetation
prior to burning. While this may be true, there was no proof
of such mineralization in this study because the soil in the
unburned plots was not sampled at the same time after burning
was completed. The effect of heat on the soil during burning
could also increase available P. There was evidence that
available P in the lower soil depths wags affected by these
processes although the effect was less than was obtained in

the top soil.

(d) Exchangeable bases (Ca, Mg and K): Burning resulted in
a considerable increase in the soll contents of these bases.
The increases were highest in the top 0~7.5 cm., The X content

at the lower soil depths was not affected by burning. Although
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there were jincreases of Ca and Mg at the lewer soil depths
there appeared to be no corresponding increase in soll pH at
the 15-30 cm depth in particular. This may be an indication
that sampling variation was small or the Alfisol was buffered
against sharp changes of pH at that depth. Nye and Greenland
(1964) had reported exceptionally high amounts of bases after
burning and these resulted in the increase in soil pH they
observed.

As was observed in the case of available P, the increases
in the Ca, Mg and K contents of the surface layer after burning
were higher than were contained in the ash (Table 6.2). Be-
sides the possibility of mineralization prior to burning, these

increases are difficult to account for.

(e) Availfable Mn: This increased after burning and at all
three soil depths. The increase was more pronounced at the two
lower soil depths than in the top soil. Again, the increase is
difficult to explain only on the basis of burning.

The status of exchangeable Al was not evaluated on this
soil because of the trace amounts of exchangeable Al before
burning and because Al toxicity has not been reported to be a

problem.
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TABLE 6.2 THE EFFECT OF BUSH FALLOW CLEARING AND BURNING ON THE
P, K, Ca AND Mg CONTENTS IN TKENNE SURFACE (0~7.5 cm)
SQII,
Samples Location Nutrient Contents
P K Ca Mg
kg/ha
TKENNE
(1) Soil (Before slashing and
burning) 4 57 1721 349
(2) Vegetation 6 50 49 29
(3) Plant Ash 1 8 15 8
(4) Soil (After clearing
and burning) 15 132 2465 525
Increases 11 75 744 176
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6.3.,2 The Effect of Buandng of Bush Fallow Resddues on the
Chemdcal Propentdes of the Onne ULLLis0l.
(a) Sodif pH: The soll pH in the top 0~7,5 cm depth increased
after burning but there was hardly any change at the lower
soil depths (Table 6.3). The increase of pH in the surface
layer was lower than was obtained at Ikenne site. The differ-
ence was probably due to the higher initial soil pH of the
Ikenne Alfisol as compared to the Onne Ultisol. The observed
soil pH increase in the surface 0-7.5 cmlayer was comparable
with values obtained by Suarez de Castro (1957); Popenoe (1957)

and Watters and Bascones (1971) on similar Ultisols.

(b) Orngandic matten (penr cent C): The results obtained at Onne
differed from those at Ikenne in that the increase in percent
C at the top 0-7.5 cm depth was lower at Onne and there was

no noticeable change at the lower soil depths.

(c) Available P: There was an increase in available P as
determined by Bray I-method, at the 0-7.5 cm depth but it was
proportionally lower than the increase obtained at Ikenne.
Although there was no pronounced change in the available P
contents at the 7.5-15 cm depth, vet there was a noticeable
decrease at the 15-30 cm depth after burning. This result
was probably due to sampling or analytical error. Generally,
the high available P levels in the Ultisol could be mis-

leading because the acid extractant used in the Bray I-
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procedure may (Juo, personal communication) extract significant
proportions of Al~bound P which is the dominant £fraction in
acid Ultisols. This over-estimates available P in this soil.
Besides, several IITA scientists have reported P deficiencies
at Onne in spite of the high available P content. Results

of greenhouse studies discussed elsewhere have also confirmed

this observation.

(d) Exchangeable bases (Ca, Mg and K): Contents of all three
elements doubled in the top 0-7.5 cm depth following burning.
There was no pronounced change in their levels at the lower
soil depths. Such an increase in the base status of the
Ultisol is important in view of the low supply of bases prior
to burning. However, the nutrient contents of the ash were
much lower than the resulting increase recorded after burning
(Table 6.4). A similar result was obtained at Ikenne. Seubert
et al. (1977) made similar observations in Yurimaguas, Peru.

The nutrient contribution due to ash was smaller than they
calculated as being due to burning. On both soils studied,

P, K, Ca and Mg contents after burning (as shown in the appro-
priate Tables) were more than could be attributed to the effects
of burning. The calculated increases in these elements were in
general higher than were reportedly recovered as ash

after burning, ' These results are different from
those reported by Nye and Greenland (1964) in which the total

amounts of nutrients in the biomass were accounted for by
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TABLE 6.4 THE EFFECT OF BUSH FALLOW CLEARING AND BURNING ON THE P, K,
Ca AND Mg CONTENTS IN OMNE SURFACE (0~7.5 cm) SOIL.

Samples Location Nutrient Contents
P K Ca Mg
kg/ha
~ONNE
(1) Soil (Before slashing
and burning) 121 70 296 53
(2) Vegetation 30 220 141 70
(3) Plant Ash 6 20 33 9
(4) Soil (After clearing and
burning) 138 145 663 115

Increases 17 75 367 62
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nutrient contribution from the ash. Seubert et al. (1977)
postulated that a rapid mineralization of the organically
bound nutrients within the fallow system during the interval
after slashing and before burning was a major reason for the
increase. While such a mineralization process is plausible,
it cannot be substantiated in this present study for reasons
suggested elsewhere in this chapter. It is probable that

the present study under-estimated the hutrients present in
the biomass or those accreted as ash, or the effect of heat
on soil mineralizable nutrients. However, results of green-
house studies (Chapter 2) where the nutrient supply potaential
of high levels of ash was investigated, did not show a marked
increase in nutrient recovery in the plant as a result of
extremely high levels of ash. Similarly, laboratory investiga-
tion of the effect of heating on soil nutrient release did
not provide evidence of increased nutrient availability due
to soil heating at temperatures comparable to those that are

commonly attained in the field.



-245-

6.3.3 A Compandsaon ¢f Mulching and Buaning with and without
Ferntdlizen Appllcation on the Chemdcal Properties o4
the AL{Ls0L.

Changes in chemical properties of the representative
Alfisol and Ultisol soils during the period of the present
investigation are an assessment of the fertility status of
the soils as a result of both residue management and fertilizer
treatments. They may help to explain the decline in crop yields

obtained on the two soils in the second year of the study.

(a) SodilL pH

(L) Effect of Residue Treatment:

The mean values of soil pH taken at different dates
showed that pH in the top 0-7.5 cm soil depth was higher under
burning than under mulching treatment (Fig. 6.1). Although the
soil pH under burning was higher throughout the period of the
investigation, the effect was more pronounced during the first
month than at the latter stage of the study.

Where the fallow residues were retained as mulch, the pH
values at the 0~7.5 and 7.5-15 cm depths were about the same but
they .were higher than at the 15-30 cm depth during the first
six months of cultivation (Fig. 6.2). Differences in soil pH
among the depths were small after the first six months.

Where the residues were burned, the pH was higher in the
0~7.5 cm soil depth than in either of the lower depths during
the first six months after burning (Fig. 6,3). The soil pH

in the 0~7.5 cm depth was higher 'than in the other depths,
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particularly during the first month. In the 7,5-15 and
15-30 cm depths, the pH of the soil was the same during the
first two months but became higher at the 7.5-15 cm depth in
the subsequent months preceding August, 1978, After this
date, the pH of the soil at all three depths was practically

the same, and showed a definite declining trend.

(LL) Effect of Fentilizen Theatments:

When the residues were retained as mulch, the pH values
in the top 0-7.5 cm depth of check treatment were the same as
when P and K were applied without N (Fig. 6.4). Nitrogen had
a pronounced depressing effect on soil pH of the Alfisol where
the residues were retained as mulch. The presence of Ca2+ in
the N-source used did not nullify the effect of N application
on soil pH.

When the residues were burned, N did not depress the
soil pH of the top 0-7.5 cm depth as it did under mulching
(Fig. 6.5). During the first five months after fertilizer
application, the pH in the top soil did not differ appreciably
among the fertilizer treatments. However, after August, 1978
the changes in pH at the 0-~7.5 cm depth were similar to those
obtained under mulching., In the second year of the study,

the pH values for check and PK treatments were the same and

higher than for the other fertilizer treatments.

(b) Organdc matten

(L) Effect of Resddue Treatment:

There were no marked differences in the soil organic
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mattex content in the top 0-7.5 cm depth on mulched as compared
to burned plots (Fig. 6.6). Although there were fluctuations
in organic matter levels at different dates, the differences
observed were probably due to sampling variation rather than

a reflection of real differences.

Where the fallows were retained as mulch, there were
considerable differences in the organic matter values among
the soil depths (Fig. 6.7). The organic matter content in the
0-7.5 cm depth was higher than in either the 7.5-15 or 15-30
cm depth throughout the period of the study. The differences
between the organic matter contents of the two lower depths
were pronounced only during the first 3-4 months and diminished
markedly after June, 1978.

Similar results as reported for the organic matter changes
with mulching were obtained where the residues were burned
(Fig. 6.8). Under the two methods of residue management, there
was no dimunition of soil organic matter in the top 0-7.5 cm
depth at the end of the investigation as compared with the

initial precultivation level,

(LL) Effect of Ferntilizern Treatment:

There were also no marked changes in the level of soil
organic matter in the 0-7.5 cm depth as a result of fertilizer
application whether the fallow residues were used as mulch
(Fig. 6.9) or burned (Fig. 6.10). The effects of nutrient

combinations on soil organic matter content in the top soil did
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not differ from the genexal trends shown in the above i1llus-
trations,

Long term studies conducted in Ibadan, Nigeria (IITA
Annual Report 1973) indicated that yileld declines on the
Alfisol could be due to a reduction in soil organic matter
content. While this may be true, the present study did not
provide evidence for significant organic matter decline which

could have decreased yields.

(c) Avadilable P

(L) Effect of Resdidue Theatmenit:

The mean available P values determined by Bray I-
procedure at different dates showed that there were no differ-
ences between mulching and burning in respect of this estimate
(Fig. 6.11). This observation was true in each of the three
depths. The variations in available P levels shown in the

top soil as a result of residue treatments were minor.

({L) Effect of Fentildizen Treatment:

The application of P in combination with N or K or N and
K caused a sharp increase in available P in the 0-7.5 cmdepth
under both methods of residue treatment (Fig. 6.12). However,
this increase was pronounced in relation to the check and NK
treatments only during the first two months after fertilizer
treatment. In subsequent months of the study, there were no
differences in available P levels in the top soil among the

fertilizer treatments.
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(d] Exchangeable bases (Ca, Mg and K]

(L) Effect of Resddue Treatment:

The average values of the exchangeable bases in the top
0-7.5 cm soil depth suggested that there were no marked varia-
tions as a result of the methods of residue treatment (Figs.
6.13, 6.14 and 6.15). The evidence provided by these illus-
trations indicated that there was no appreciable decrease in
the levels of these nutrients over the two year period in
which this study was conducted.

The trends obtained in the lower soil depths were
similar to those obtained in the top soil. During the latter
prhase of the investigation, there seemed to be an increase of
exchangeable Ca in the lower soil depths. Similar increases
were observed at the same time for Mg (in all three depths)
and K (especially in the 0-7.5 cm depth). These increases
may have followed the application of fertilizer in February,
1979. However, when similar application was made in 1978, it

was not reflected in increased levels of Ca, Mg and K.

(L) Efgect of Fentildizen Theafment:

‘The addition of fertilizer elements did not
result in a pronounced deviation from the trends reported
‘above in respect of the exchangeable bases. In general, it
would appear that the fertility level of the Alfisol was not
markealy depleted as a result of two yearsof cropping. Probably,

there may be the potentlal for obtaining a good crop yield in
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a third year following a similar management practice as in the

preceeding two years.

(e) Exchangeable Mn

(L) Effect of Residue and Fertilizer Theatments:

There was no difference in the exchangeable Mn level in
the top soil between mulching and burning when check and the
PK treatments were compared (Fig. 6.16). When fertilizer
treatments containing N were applied, the Mn level in the
top soil became higher under mulching than under burning.

Under the mulch treatment, the Mn levels were the same
for both check and PK treatments and they were lower than for
other fertilizer treatments. Where the residues were burned,
there were no real differences in the Mn levels among the
fertilizer treatments. These results seem to be related to
the soil pH discussed earlier. Nitrogen caused a pH depression
especially under mulching and also favoured the increase in
soil Mn level. Low soil pH and high Mn level may be related

to a possible high N accretion from decomposing mulch residues.
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6.3.4 A Compandson of Mulchding and Burndng with and without
Fenrtildzen and Ldme Appldicatden on Zhe Chemical Propenrties
of the Onne ULtLs0L,

(a) Soil pH
(L) Effect of Residue Treatment:

The soil pH values taken at different dates were higher
in the 0-7.5 and 7.5 cm depths where the fallow residues were
burned than where they were retained as mulch (Fig. 17). The
higher soil pH values at these depths were more pronounced
during the first six months than at the latter stage of the
study. Differences in soil pH at the 15-30 cm depth between
the two residue treatments were small throughout the study
pericd.

Where the fallow residues were used as mulch, the soil
PH in the top 0-7.5 cm depth was higher than in the two lower
depths. The pH values at the lower two depths were about the
same for much of the period of sampling. In contrast, where
the residues were burned, there were considerable differences
in pH values among the depths sampled. With this residue
treatment, the pH values in the top 0-7.5 cm depth were higher
than in the 7.5-15 or 15-30 cm depth. During the first five
months in particular, the differences in pH values between
0-7.5 and 7.5-15 cm soil depths were less pronounced than
those between 7.5-~15 and 15-30 cm depths. However, in sub-
sequent months, the difference in the pH values between the
two lower soil depths became les§ as compared with that between

0-7.5 and 7.5-15 cm depths.
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({£) Effect of Fertildizer and Ldéme Treatments:

With the mulch treatment, there were no real changes
of soil pH in all the three depths following the addition of
NPK alone or MgZn in combination with NPK (Fig. 6.18). How-
ever, liming had a pronounced effect on pH of the top 0-7.5
cm depth. Although there was some effect of liming on pH at
the 7.5-15 cm depth, this was noticeable only after the first
six months of 1978, probably due to downward movement of lime.

Similar results were obtained where the residues were
burned but the effect of liming én the pH of the 7.5-15 cm
soil depth was noticeable as early as the second month after
cultivation (Fig. 6.19). This may have been due to the down-
ward movement of both ash and lime. Liming had no effect on
the soil pH in the 15-30 cm depth with both mulching and

burning treatments.

(b) Soilf Organic matten

(L) Effect o4 Residue Theatment:

The soll organic matter levels in all three depths and
at the different dates of sampling were about the same with
both residue treatments (Fig. 6.20). Generally, there was no
pronounced decline in the soil organic matter level after two
years of cropping as compared with the level prior to cultiva-
tion. This result seems to contradict Bram's observation
(1971) in Sierra Leone where a rapid organic matter decline

occurred after only one year of gultivation on a similar soil.
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However, the present study confirms results of Nye and Green-
land (1964); NCSU (1973) who found no marked depletion of soil
organic matter status after the first year of slash and burn
cultivation.

The effect of retention of crop residues could not be
ascertained in this trial but, as suggested by Lal (personal
vommunication), the practice of retaining crop residues
effectively reduces the magnitude of soil degradation in high

rainfall areas of Southern Nigeria.

(44) Effect of Fentilizer and Lime Theatments:
There were no major changes in soil organic matter

contents as a result of the addition of nutrient and lime.

(c) Avadilable P

(L) Effect of Resdidue Treatment:

The available P contents in the top 0-7.5 cm soil depth,
as determined by Bray I-method indicated that there were no
differences as a result of the method of residue management
(Fig. 6.21). Generally, available P levels reported are very
high even when no P was added. This observation is probably
an indication that the procedure used for determining available
P in this soil may not really be a reliable measure of plant

available P,
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(L&) Effect of Fentdildzen Application:

With both residue treatments, the addition of NPK caused
an increase in available P contents in the top 0~7.5 cm soil
depth. The increase observed was not pronounced in the first
month after application where the residues were treated as
mulch. With both residue treatments, the increase was sustained
only during the first three months of cultivation in 1978. The
lowest P content in the soil was obtained in July, 1978 even
where fertilizer was applied.

There was a rapid increase in available P in the top
soil in February 1979. This may have been due to the application
of fertilizer prior to cultivation in 1979 but a similar increase
noted where no fertilizZer was applied suggests other unknown
reasons. At the end of the study in 1979, there was no marked
difference in available P contents in the top soil between the
check and NPX treatments. Phosphorus deficiency symptoms
observed in check plots were not observed in NPX plots but tissue
analysis (Chapter 5) indicated that P was limiting even where
P was applied. Therefore, the deficiency of P may have been

masked in the field where P was applied.

(d) Exchangeable bases (Ca, Mg and K)

(L) Effect o4 Residue Treatment:

The average exchangeable Ca values measured at different
dates were nearly the same for mulching and . burning in

all = the soil depths (Fig. 6.,22). However, the exchangeable
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Fig. 6.22 Effect of Residue Management on Exchangeable Ca
in different Soil depths
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Ca 1n the top soil (0«7.5 cm) was slightly higher under
burning, probably due to the base content of the ash. The
difference in exchangeablekéa values between the residue
treatments, seemed to increase with time, especially between
July, 1978 and June ,1979.

In the 7.5-15 cm soil depth, exchangeable Ca levels
due to the two residue treatments were practically the same.
Similar observations were made at the underlying soil depth
although there appeared to be a pronounced increase under
burning in June, 1979. Increase of Ca in this depth (15-30
cm) was evidence of downward movement of Ca from the overlying
depths as a result of the increasing trends occurring after

July, 1979.

(LL) Effect of Fentilizen and Lime Trheatments:

During the first three months of cultivation in 1978,
there was no pronounced change in exchangeable Ca level in
the top 0-7.5 cm soil depth under mulching as a result of
fertilizer and or lime application (Fig. 6.23). The exchangeable
Ca in this depth was markedly low in July, 1978 where neither
fertilizer nor lime was applied. There was an increase in the
level of exchangeable Ca after July, 1978 as a result of lime
application. This increase was sustained until June, 1979 after
which the level again declined.

There appeared to be g pronounced increase in exchangea-

ble Ca level in the first six months of 1979 as a result of
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NPK application., At the same time, NPK applied in combination
with Mg and Zn caused a decrease of exchangeable Ca. This
decrease persisted till the end of the study at which time,
the exchangeable Ca levels were nearly the same for all
treatments.

Similar results were obtained where the residues were

burned except that in 1978, the effect of liming was noticeable

during the first three months of cultivation. Between July,
1978 and June 1979, exchangeable Ca level in the top 0-7.5 cm
depth under burning increased tremendously as compared with
levels prior to July, 1978. The increases were comparable
between NPK applied alone and NPK applied with Mg and Zn but
the increase due to lime was most profound and difficult to
explain. In subsequent months, the decline was as rapid as
the previous increase except for the treatment where NPK was
applied with Mg and Zn.

The effects of residue management and fertilizer treat-
ments on exchangeable Mg and K as shown by the average values
used in Fig. 6.24 and 6.25, respectively, indicated that there
were very minor differences between the residue treatments.
The changes in these chemical properties during the sampling
periods were more subtle than those observed in respect of
Ca. This is probably due to the difference in the amounts
added or may be related to the mobility of the different ions.
Where differences occurred, as in the case of K, they were

noticeable in the first one or twg months after cultivation.
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(e) Exchangeable AL and Total Sodl Acddity (H + AL).,

(L) Effect of Resddue Trheatmenti

The exchangeable Al in the top 0~7.5 cm soil depth was
much reduced in burned, as compared to the mulched plots
(Fig. 6.26). The effect of burning on the exchangeable Al
was most marked during the first two to three months after
burning. Although the exchangeable Al was shown to decline
considerably in those first months under both residue treat-
ments, the effect under mulch was attributed to the influence
of lime application.

Generally, exchangeable Al in the top soil depth increased
rapidly with time, attaining fairly high levels by the end of
1978. There was little noticeable change in exchangeable Al
levels in the first six months.in 1979. However, by August,
1979, exchangeable Al contents in the top soil had increased
beyond the precultivation levels where the residues were
burned.

The total soil acidity trends, as with the other chemical
properties, were similar for the two residue treatments (Fig. 27).
This parameter was unaffected by fertilizer treatments. The
minor differences observed were probably due to sampling
variations. The changes in total acidity due to fertilizer
treatments under mulching were more uniform as compared to the
observed changes under burning. Again, this difference may
be due to the additional neutrallzing effect of ash. The

effect of the ash was quite noticeable under burning where it
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reduced the total acidity during the first month after burning.
Liming reduced total soil acidity especially under
mulching. The differences in total acidity between fertilizer
and lime treatments under the mulch were more pronounced than
similar differences under burning. Therefore, the ash appeared
to diminish the effect of applied lime. Liming in general
helped to maintain low levels of soil acidity in the Ultisol

during the period of the investigation.
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6.4 Summary and Conclusions

The effect of bush fallow burning on soil chemical
properties and changes in these properties as a result of
fallow residue management, fertilizer and lime application
were investigated in two representative Alfisol and Ultisol
soils in Southern Nigeria.

Soil samples for the study were taken from 0-7.5; 7.5-15;
and 15-30 cm depths after burning and through the two years
of cropping on both soils. Lime was applied only to the Ultisol
which had a lower soil pH.

Burning of fallow residues increésed soil pH, organic
carbon, available P and exchangeable bases but the increases
were confined to the top 0-7.5 cm soil depth. The resulting
increases in exchangeable bases could not be accounted for by
nutrient content of ash suggesting that other processes besides
burning might be involved in these increases. The effect of
the increase in these properties was short-lived probably due
to the low amounts of nutrients added by the ash per se.

Burning and mulching regarded as residue management
methods, had similar effects on the soil nutrient contents
during the two years. Where differences were observed, they
were noticeable during the first few months of cropping in
the first year. Other minor differeﬁces were regarded as
sampling varliations rather than a reflection of real differ-

ences. Generally, chemical fertilization increased the level
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of the specific element gpplied but the effect of fertilizer
on soll chemical propertles diminished as cultivation was
extended beyond the first year.

The reduction in base contents of the Ultisol was more
pronounced than those of the Alfisol which had a relatively
higher cation exchange capacity.

Liming the Ultisol caused a marked decrease in the
exchangeable Al and total acidity (H + Al). However, as crop-
ping was extended, the exchangeable Al increased to a greater
extent than did the total acidity. The total soil acidity
was maintained at levels lower than the initial level before
cultivation in the first year.

The conclusions drawn from these results are summarized
as follows:

The effect of bush fallow residue burning is confined
to the top soil horizons where the nutrient contents of plant
ash are immediately deposited during burning. However, the
nutrient supply from the ash may be quite small when short
fallows are subjected to burning. The factors which may
influence the nutrient contents of the ash were discussed
elsewhere in this thesis.

The increases in the chemical properties of the soil,
such as pH, available P and exchangeable bases after burning
are shoré&ived and not wholly due to the effect of ash.
Mineralization of organically-bound nutrients from roots of

fallow plants and decomposing residues can occur if the
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interval between slashing and burning is long. This mineraliza-
tion as well as the effect of heating may add to the increase
in soll nutrients.

A comparison of the effects of mulching and burning on
soil chemical properties of the two soils showed that at
least for the short fallows studied, both methods of residue
management are really similar, with and without fertilizer
application.

The more pronounced decline in soil chemical constituents
as well as the increasing acidification of the Ultisol with
cropping as compared with the Alfisol suggested that the
former soil poses a greater management problem than the latter.
To sustain the fertility status of the Ultisol for profitable
yields with continuous cropping, will require high fertilizer
and lime applications. These inputs are not only uneconomical
'but also beyond the resources of the farmers. In contrast,
the Alfisol may be cropped continuously for up to two or more
years with modest increase in the levels of soil nutrients
as compared to those added in the first year of cultivation.

The Ultisol soil may be better utilized by planting
crops which make less demand on soil nutrients and which also

have a tolerance for high soil acidity.



Chapter 7: General Summary and Conclusions

The lmprovement or replacement of bush fallow as
practised in Southern Nigeria wilith a viable alternative must
be based on a good understanding of the present system. As
a contribution to understanding this practice, field and
laboratory studies were undertaken. The investigations were
designed to:

(i) gqualitatively describe fallows and the practice of
fallowing;
(ii) guantitatively evaluate the contributions of the several
components making up this agricultural system and
(iii) assess how these may be managed to achieve profitable
crop production for more than two years on the more regularly
cultivated Alfisol and Ultisol soils.

An assessment of the dry matter yields of the above -
ground parts of the fallow biomass in four locations showed
that these yields varied with the type of vegetation, the
length (age) of the fallow, the amount of rainfall and the
fertility status of the soil. Secondary bush regrowths and
forest~type vegetation produced higher dry matter yields than
the fallows dominated by grasses, While high rainfall favoured
intense growth of fallow species, the fertility of the soil

determined the extent of growth during the fallow period.
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Although time (length of fallow) seemed very important in
this assessment, 1t had no dominant influence over the amount
of dry matter produced.

Both yield of plant biomass and nutrient content per
gram of dry fallow material varled conslderably and this
resulted in pronounced differences in nutrient storage among
the fallows. Nutrient storage like the yields of the fallow
biomass varied with type of plant species in the vegetation,
age of the fallow and climate. Predominantly grass-type
fallow vegetation and young bush regrowths had lower nutrient
storage as compared with fallows dominated by mixed and hardy
plant species that developed through several years of growth.
Climate influenced nutrient storage by affecting the fertility
of the soil. High rainfall may have increased the loss of nutrients by
leaching and thereby limited the ability of the fallow species
to recover and hence store nutrients in the above-ground parts.

The qguantity of nutrients collected as plant ash at each
location was much less than the amounts of nutrients present
in the fallow biomass. This was probably due to a low nutrient
storage in the plant material produced during the fallow period
or in part due to incomplete burning so that some of the mineral
constituents remained in organic form. The factors which in-
fluenced the dry matter yields of the fallow biomass also
affected the nutrient storage in the plant biomass and in the
ash. Tn addition, the intensity or degree of burning was

another factor which may have influenced the nutrient contents
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of the ash.

Temperatures attained during burning were monitored
at the soil-litter interface and at the 5 cm soil depth. The
temperatures were found to be influenced by the duration and
intensity of burning. Both of these variables were deter-
mined by the amount, type and spatial distribution of the
fallow residues. At the soil-litter inferface and at the
Scm soil depth, temperatures obtained ranged from 60 to 570 C
and from 30 to 70 C, respectively. High temperatures at the
soil-litter interface were not sustained for more than 15
minutes, and at the 5cm scil depth, the duration of maximum
temperature was even less. There were no noticeable changes
in color of the soil in the two zones as a result of burning.
However, in a few isolated spots in the field where logs of
wood were left burning for over twenty-four hours, soil
temperatures beyond 90 C were sustained for a longer period.
In these spots, the soil color varied from black to red while
the soil became grittier to the feel suggesting that high
temperatures sustained over a certain length of time could
cause a marked change in the physical and chemical properties
of the soil.

Under laboratory conditions, heating the soils to
temperatures less than 200 C had no beneficial or detrimental
effects, but heating to 200 C darkened the soil color and
reduced soil organlc carbon content, At temperatures of

400 -~ 600 C, soll color was chanéed to redder hues. Soil
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organic carban was virtually destroyed and the propoxtion of
sand~size particles lncreased., At the same time,

extractabhle NH4nN, avallable P, exchangeable Mn and Fe
increased. Heating the soils beyond 6 hours at the
selected temperatures did not change the results.

Growth and nutrilent uptake by maize grown on a previously
heated Ultisol soil was studied in the greenhouse. The effect
of heating oﬁ crop performance depended more on the temperature
of heating than on the nutrients added to the soil. At tem-
peratures lower than 200 C, plant height, dry matter yields
and nutrient uptake of maize were not significantly affected.
However, at 200 and 600 C, they were depressed and the reduction
was significant at 200 C. Although the addition of fertilizer
improved maize performance on the heated soil, the depression
caused by heating was still observed.

The effects of plant ash on maize dry matter yields and
nutrient uptake were also investigated in the greenhouse. The
ash was added at levels which were estimated to be the same
as or up to four times as much as was obtained in the field
after burning. Neither the dry matter yield nor the uptake
of nutrients was significantly improved using the amounts of
ash equivalent to the fileld levels. Adding levels of ash in
excess of the field amounts increased maize dry matter yields.
Plant recovery of nutrients such as K and Mg was increased
when the excess amounts of ash were broadcast as compared to

when they were mixed in the soil. However, this improvement



-293-

was not pronounced suggesting that the impoxtance of the ash
as a source of nutrients was small. The plant recevery of N,
P and K, even with high amounts of ash, was low.

The greenhouse studles confirmed results obtained in
the field that P was more limiting than either N or K on both
the Alfisol and Ultisol soils used. The low recovery of P by the
maize even with high levels of ash suggested that the ash was
a poor direct source of P. Incubation studies showed that
the ash was inferior to KH2P04 as a means of increasing the
level of P in the soil solution. However, the ash decreased
the adsorption of P added to the Ultisol as KH2P04.

A comparison of the ash and hydrated lime as sources of
lime on the Ultisol was made using the incubation studies
referred to above. The lime was added at a level equivalent
to the neutralizing value of the ash. The recovery of Ca by
maize from the two sources was similar although the Ca content
of the ash was smaller than that of the lime. The pH of the
soil solution increased progressively as the amount of ash
incubated with the soil was increased. Such an increase in
soil pH may occur in‘;ocalized spots in the field.

Field studies were undertaken on representative Alfisol
and Ultisol soils to compare the influence of bush fallow
residue management, fertilizer and lime treatments on the
productivity and fertility of these soils during a two-year
period. Bush fallowing had a beneficial effect on crop yields.

The ylelds of malze on the two soils were high following the
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fallow even wlthout the addition of fertilizer. Cowpea yields
after the first maize crop were comparable to those reported
from other studies in the area.

The average yields of maize and cowpea on the Alfisol
in the first year were higher with the mulch treatment than
where the fallow residues were burned but the yield differ-
ences were not statistically significant. There were significant
vield increases of maize in the first year due to NPK application
but the increase due to any one element was not significant.

The addition of Mg and Zn applied with NPK caused a significant
vield increase of maize on the Alfisol during the first vyear.
Cowpea on this same soil did not respond significantly to the
residual effect of fertilizer. There was, however, evidence
from the higher cowpea yields obtained where NPK was applied
with Mg and Zn that fertilizer addition might have been essen-
tial for higher cowpea vields.

In the second year, maize yields on the Alfisol declined
slightly. Despite this reduction, yields obtained were good
even without fertilizer. There was a significant increase in
yields as a result of NPK application and the response to P was
significant in the second year. At this time also, the response
to Mg and Zn was not significant as was the case in the first
year. The lack of significant response to N on the Alfisol
during the second year may possibly be due to the enhancement
of N status of the soil by cowpea in the first year., This

suggests that the intreduction of a good legume into the rotation
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in the first year may reduce the amount of N needed in the
second year of cultivation on the Alfisol,

In the first year, maize and cowpea yilelds on the
Ultisol were similar to those reported on the Alfisol. How-
ever, when maize yields on the two soils were compared, yields
on the Alfisol were two and three times higher than yields on
the Ultisol, with and without fertilizer, respectively. The
addition of NPK in the first year significantly increased
maize yields. Magnesium and Zn applied with NPK did not
result in significantly increased yields of maize on the Ultisol.
Tissue analysis showed that both N and P were low suggesting
that they may have been limiting. Liming the Ultisol in-
creased yields of maize but the increase was not significant.

In the second year, maize yields declined considerably
on the Ultisol even with fertilizer application. The reduction
in yields, with and without fertilizer application was 32 and
60 per cent, respectively. Calculated as a percentage of first
year vields, these yield reductions were exactly twice as much
as occurred on the Alfisol.

The yields on the burned plots were significantly higher
than those under mulching in the second year but the total maize
yields during the two years were still higher with the mulch
treatment. Yield responses to fertilizer application were
similar to those in the first year. There was also further
evidence that bhoth N and P contents in the tissue were low

confirming that the two elements may have been mutually limiting.
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Respense to pesidual lime in the second year was not significant
although there was an lncrease in malze yields with the lime
treatment.

Burning the bush fallow residues resulted in an increase
in soil pH, organic carbon, available P and base contents of
the two soils, Burning also decreased the exchangeable Al
and total soil acidity of the Ultisol. However, neither the
increases in the above properties nor the decrease in the
acidity of the Ultisol were sustained at their new levels for
more than a few months. Changes in these properties were used
in assessing the fertility status of both soils during the
study period. On the Alfisol, these changes were remarkably
similar between mulching and burning treatments. Many of the
differences observed were slight and more due to sampling
variability.

The soil pH values declined with time under both
residue treatments but the decline was more noticeable where
the residues were retained as mulch than where they were burned.
Nitrogen application induced a decline in soil pH values in
the Alfisol. There was no measurable decline in soil organic
matter level throughout the two years. While burning and the
addition of P fertilizer increased available P on this soil,
the level of P decreased wilth time such that a lower level of
P was present in 1979 than in 1978 prior to cultivation.
Changes in exchangeable Ca, Mg and K levels were similar to

those of the avallable P but the decline was not very pronounced
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in the second yeayx on the Alfisal.

The changes in the soll chemlcal properties on the
Ultisol were agaln similar to those reported on the Alfisol
except that the changes were more pronounced in the second
year than was the case on the Alfisol. Liming the Ultisol
increased the soil pH and caused a pronounced drop in
exchangeable Al and total soil acidity. Where the residues
were burned, liming further increased soil pH and decreased
the parameters of soil acidity. However, as cropping was
extended, soil pH decreased while exchangeable Al and total
acidity increased. Although the exchangeable Al level was
higher in 1979 than in 1978, the total acidity in 1979 was
still below the level in 1978. The increasing soil acidifica-
tion was due to the rising level of exchangeable 21 on the
Ultisol.

The conclusions drawn from the results of these studies

may be briefly summarized as follows:

(1) Bush fallowing as is practised on the short fallows

studied is beneficial not only to crop yields but also to soil
fertility. This beneficial effect of fallowing is not due to

the burning of the residues for ash since the ash has little
potential to supply nutrients in the amounts and for the duration
required for profiltable crop production, There seems to be no
pronounced difference between the retention of the residues as mulch
and the burning of these residues as is commonly done by the local farmers.

Mulching may be a better method of handling the residues on lands that
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are predigposed te erosion as on the glopes of some areas in
Southeastern Nigeria. In areas where goll erosion is not a
problem, mulching may still be an efficient way of conserving

nutrients in the system since they will become slowly available.

(2) The Alfisol soil 1s relatively more fertile than the
Ultisol soil and has the potential for supporting continuous
cropping profitably, with modest nutrient inputs, appropriate
crop rotations and a good crop husbandry. The changes in the
fertility status of the Alfisol support this conclusion and
further indicate that this soil could be used mainly for grain

production.

(3) The Ultisol soil would appear to be capable of producing
fairly good yields of maize and cowpea with fertilizer applica-
tion in the first year at least. High nutrient and lime
application would appear to be essential if reasonable yields
are to be obtained in the second year. There is no evidence
at this time that higher nutrient inputs will achieve the
objective of high grain yields in the third year or sub-
sequent years if continuous cropping is practised on this soil.
Besides, such nutrilent levels will be unprofitable and hence
unrealistic. The rapid depletion in soil nutrients in the
second year on the Ultisol would seem to suggest that this

soil may be profitably utilized in the second and subsequent
years for root crops such as cassava. These are the main

staples in the area and have the.advantage of easy planting
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and management, They are usually more productive on lands
with short fallows.

(4) The maintenance of adequate N and P levels in both soils
and the reduction of exchangeable Al contents in the Ultisol
in particular appear to be the most important factors limiting

the yield potential of crops in these areas.

Suggestions for Future Research

Attention in the future should be given to the develop-
ment of small farm machinery which can be used for thorough
slashing of fallow residues and can also be adapted for planting
through the residues. Such machinery will make planting
easier, retain the residues with their nutrient contents and
reduce the problem of erosion. It will also eliminate burning
and the likely negative effect of heat on soil properties and
plant growth.

Knowledge of the appropriate P sources, rates and
placement methods will be valuable in meeting the objective of
high crop yields on the two soils. Research may be directed
towards the establishment of adequate nutrient combinations
especially of the three major elements, to ensure balanced
fertilization and profitable economic returns.

The introduction of efflclent N~fixing legumes into
the crapping rotations should be exploredespecially on the

Alfisol where there is an increased chance of reducing the N
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levels required in subsequent years. The reduction in N
costs as well as the diletary variety ohtained by a grain-
legume based cropping system cannot be overlooked.

Since the Ultisol does not appear to have the potential
for the continuous cultivation of grain crops, future research
should be directed to the likely benefits of root and tubeix
crops which have lower nutrient demands than the grains,
and which have tolerance for high soil acidity caused by 2l.
Liming of the acid soil will still be necessary if the root
crops are to be interplanted with other crops. Therefore,
it is suggested that some studies recognize the need to
determine the most suitable time for lime application. The
level of lime required will be based on the knowledge of the
concentration of exchangeable Al and its changes with time.

In primary forest areas, burning may still be used
as a means of reducing the gquantity of residues before planting.
To this end, the exact effect of ash on the availability of
applied P, especially on the low pH Ultisol soil with high
P adsorbing characteristics, should be investigated. On-
going research at several centres in the area on the amounts
and sources of other essential elements required to produce
good yields should be strengthened. Special attention, however,
should be paid to the economics of production. These studies
properly co=ordinated will provide a balanced picture and
establish the base for the expected green revolution in

Nigeria,
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AFR .

~ Soil Classification: Eutric Nitosol (FAQ); Oxlc Paleustalf (USDA);

~ Date of examination: 12 July 1973 by F.R. Moormann and P. Le Mare

~ Iocations 6° 50 'N, 30 41" E, IKENNE, IART Station, Western State,
Nigeria, near S.W. corner of Block 27.

-~ Elevation: 55 m

- Land form: Gently undulating Pleo-Pleistocene terrace (Continental
Terminal) .

- Slope: 4% SW, the profile is situated on the lower part of a long
straight slope.

~ Vegetation: Dense regrowth of Eupatorium adoratum after clearing

and several years of cultivation.

2. General information on the soil

~ Parent material: deeply weathered clayey sediments, uniform in
lithology and texture to a depth of at least 4 metres.

- Drainage: well drained; rapid permeability; no visible impedence in
any layer or horizon to depth of observation.

~ Moisture conditions: moist profile throughout; wet in upper 40 cm
after heavy rains.

~ Groundwater; no groundwater at any time of the year to profile depth.

~ Biological activity: worm casts at the surface; subterranean termite
chanbers, up to 15 cm deep in several places in the profile.

~ Human activities: pieces of pottery scattered through upper 50 cm.

3. General aspect of ‘the ‘soil

Deep, red clayey soil with coarse loamy surface soil up to 30 am in depth.
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APP.

1. Information on the site (Onne «).

]

Soil Classification: Typic Paleudult (Calabar Fasc, of H. Cline).

Fine loamy silicic isohyperthemmic.

1

Date of examination 17/8/75; F.R. Mooxmann and W. Veldkamp.

Tocation: Bush regrowth immediately west of cleared area, approximately

|

150 miles from the substation.

ILand form: Lower terrace, flat, no microtopography

(1) Physiographic position: Lower terrace
(ii) Surrounding land form : Flat
(1ii) Microtopography: nil

- Slope: Flat; less than 1%
- Vegetation: Fairly dense bush regrowth after shifting cultivation.
Fallow species dominated mainly by Anthonata maciophylla and Alchornea

corndigolia.

2. General informaton on the soil

(a) Parent material: Pleo-Pleistocene marine terrace, clayey.

(b) Drainage: Well to moderately well drained, no mottling at depth
of observation.

(c) Moisture conditions in profile: Moist to wet throughout.

(d) Depth of groundwater: Deeper than observation; stagnant water in

drainage ditch or sealed ditch bottom at 70 am.

3. Profile
Deep brownish clayey profile with thin dark somewhat more sandy

surface soil.
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THE EFFECT OF SQIL PREHEATING AND NUTRTENT ADDITTON

ON MAIZE PLANT HEIGHTS (CM) AT 2WAP.

Temperature of Heating (C) NMutrient
Nutrient Addition ot 100 200 600 Addition
Means
No Fertilizer 22,4 22,5 13.0 18.5 19.1
NPKCaMgZnS 24,9 25.5 17.8 27.1 23.8
~N 21,4 20.1 18.7 21.2 20.4
-P 22.5 25.5 13.2 30.7 23.0
-K 20.0 26.7 14.2 24.6 21.4
-Ca 25.8 20.2 14.5 27.3 21.9
-Mg 27.5 21.0 19.5 26.5 23.6
-Zn 25.2 22.6 17.6 27.6 23.3
-S 27.7 26.7 18.2 23.0 23.9
Temperature Means 24.2 23.4 16.3 25.2 22.3
Lsd (0.05) (i) Between Tamperature means (2.70)
(ii) Between Nutrient Combination means (3.65)
(iii) Between Mutrient Combinations
at one Temperature level. (7.30)
(iv) Between Temperature levels (7.40)

at one Nutrient Combination
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THE EFFECT OF SOTL PREHFATING AND NUTRTENT ADDITION
ON MATZE PIANT HETGHIS (CM) AT 3WAP.

Temperature of Heating (C) Nutrient
Nutrient Addition o 100 200 600 Addition
Means
No Fertilizer 29.1 28.8 23.0 20.8 25.4
NPKCaMgZnS 42.0 38.6 31.6 35.1 36.8
~N 36.9 38.1 30.7 26.1 33.0
-P 29.9 34.2 26.6 38.2 32.2
-K 40.7 43.6 24.8 35.4 36.1
~Ca 40.7 33.8 27.6 34.2 34.1
-Mg 44 .9 33.7 34.8 34.3 36.9
-7n 44 .5 38.0 33.3 39.5 38.8
-S 42.2 41.8 31.2 33.1 37.1
Temperature Means 39.0 36.7 29.3 33.0 34.5
Isd (0.05) (i) Between Temperature means (2.73)
(ii) Between Nutrient Combination means (4,51)
(iii) Between Nutrient Combinations
at one Temperature level (9.02)
(iv) Between Temperature levels

at one Nutrient Combination

(8.92)
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THE EFFECT OF SOTL PREHEATING AND NUTRTENT ADDITTION
ON MATZE PLANT HETGHT 4WAP.

Temperature of Heating (C) Nutrient
Nutrient Addition o 100 200 600 Addition
" Means
No Fertilizer 35.3 37.5 29.4 23.6 31.5
NPRCaManS 56.2 49.3 45.1 41.8 48.1
-N 48.1 51.0 45.3 29.7 43.5
-P 34,5 39.8 39.3 41.1 38.7
-K 61.5 58.1 44.5 42,2 51.6
-Ca 52.2 49.4 43.2 38.6 45.9
~Mg 54.4 48.5 51.8 40.9 48.9
-Zn 56.8 57.4 47.4 47.8 52.4
-5 56.1 55.1 44 .6 39.9 48.9
Taemperature Means
Lsd (0.05) (1) Between Tenperature means (3.16)
(ii) Between Nutrient Combination means (4.71)
(1ii) Between Nutrient Combinations
at one Tamperature level (9.42)
(iv) Between Temperature levels
at one Nutrient Combination (9.41)
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APP. 3.4 THE EFFECT OF SOTI, PREHEATTING AND NUTRTENT ADDITION ON

MATZE DRY MATTER OF TORS 4VWAP.

Téméetature of Heating (C)

Nutrient
Nutrient Addition o1 100 200 600 -Cambination
gm/pot Means
No Fertilizer 0.72 0.79 0.37 0.42 0.58
NPKCaMgZn$S 1.93 1.44 0.87 1.48 1.43
-N 1.69 1.52 0.87 0.70 1.20
-P 0.61 0.91 0.62 1.17 0.83
-K 1.76 1.80 0.55 1.31 1.36
~-Ca 1.85 1.37 0.78 1.53 1.38
-Mg 1.79 1.38 1.18 1.40 1.44
-Zn 2.17 1.75 1.02 1.50 1.61
-8 2.13 2.30 1.01 1.26 1.68
Temperature Means 1.63 1.47 0.81 1.20 1.28
Lsd (0.05) (i) Between Temperature means (0.31)
(ii) Between Nutrient Combination means (0.24)
(iii) Between Nutrient Combinations
at one Temperature level (0.48)
(iv) Between Temperature levels
at one Nutrient Combination (0.55)
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THE EFFECT OF SOIL PREHEATING AND NUTRIENT ADDITION
ON NTTROGEN CCMPOSTITION OF MALZE TOPS.

Terperature of Preheating (C)

Nutrient addition ot 100 200 600 Means
Control 2.44 2.53 5.32 1.10 2.85
NPKCaMgZnS 2.60 3.27 5.32 1.43 3.16
-N 1.45 1.80 4.68 0.83 2.19
-p 3.51 3.27 4,69 1.06 3.13
-K 2.90 3.09 5.85 1.48 3.33
~Ca 2.67 3.40 4,91 1.50 3.12
-Mg 2.54 3.22 4,66 1.63 3.01
-7n 2.42 3.26 4.51 1.48 2.92
=S 2.38 2.55 4.46 1.80 2.80
Means 2.55 2.93 4,93 1.37 2,95

Lsd (0.05) (1) Between Temperature means (0.26)

(ii) Between Nutrient Combination means (0.19)

(iii) Between Nutrient Combinations
at one Temperature level (0.76)
(iv) Between Temperature levels
at one Nutrient Combination (0.96)
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APP. 3.6 THE EFFECT OF SOLL PREHEATING AND NUTRIENT ADDITION
ON TOTAL N UPTAKE BY MATLZE TOPS.

Tamperature of Heating (C)

Nutrient Addition 10! 100 200 600 Means
mg N/pot
Control 17.6 20.0 19.7 4,6 15.5
NPRCaMgZn$S 50.2 47,1 46.3 21.2 41.2
—N 24.5 27.4 40.7 5.8 24.6
-P 21.4 29.8 29.1 12.4 23.2
-K 51.0 55.6 32.2 19.4 39.6
-Ca 49.4 46.6 38.3 23.0 39.3
-Mg 45.5 44 .4 55.0 22.8 41.9
~Zn 52.5 57.1 46.0 22.2 44 .5
-5 50.7 58.7 45.1 22.7 44.3
Means 41.6 43.1 40.0 16.4 35.3
Isd (0.05) (1) Between Temperature means (8.9)
(ii) Between Nutrient Combination means (9.3)
(iii) Between Nutrient Combination
at one Temperature level (18.6)
(iv) Between Temperature levels
at one Nutrient Combination (19.6)
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APP. 3.7  THE EFFECT OF SOTL PREHEATING AND NUTRIENT ADDLTION
ON P COMPOSITION OF MATZE TCORS.

Temperature of Preheating (C)

Nutrient Addition o 100 200 600 Means
%P
Control 0.08 0.11 0.15 0.15 0.12
NPRCaMgZnS 0.12 0.10 0.17 0.05 0.11
-N 0.24 0.17 0.15 0.12 0.17
-p 0.10 0.09 0.13 0.13 0.09
-K 0.18 0.19 0.25 0.06 0.17
-Ca 0.19 0.16 0.15 0.05 0.14
-Mg 0.12 0.13 0.16 0.05 0.12
-Zn 0.14 0.13 0.16 0.05 0.12
~Z 0.11 0.12 0.13 0.06 0.11
Means 0.14 0.13 0.16 0.07 0.13
Lsd (0.05) (i) Between Temperature means (0.02)
(ii) Between Nutrient Combination means .02

(iii) Between Nutrient Combination (0.04)
at one Temperature level °
(iv) Between Temperature levels

at one Nutrient Combination (0.05)
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APP. 3.8 THE EFFECT OF SOLL PREHEATING AND NUTRIENT ADDITTION
ON TOTIAL P UPTRKE IN MALZE 4WAP.

Temperature of Preheating (C) Nutrient
Nutrient Addition ol 100 200 600 Addition
Means
mg B/pot

No Fertilizer 0.58 0.85 0.56 0.64 0.66
NPKCaMgZnS 2.40 1.41 1.45 0.74 1.50
-N 4.05 2.61 1.32 0.83 2.20
-P 0.61 0.79 0.83 0.63 0.72
-K 3.17 3.30 1.37 0.79 2.16
-Ca 3.43 2.26 1.14 0.71 1.89
-Mg 2.08 1.75 1.97 0.79 1.65
-Zn 3.03 2.35 1.58 0.75 1.93
Temperature Means 2.42 2.01 1.29 0.74 1.62

Lsd (0.05) (i) Between Temperature means (0.55)

(ii) Between Nutrient Combination means (0.49)

(iii) Between Nutrient Cambinations
at one Temperature level (0.98)

(iv) Between Temperature levels
at one Nutrient Combination

(1.07)
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APP. 3.9 THE EFFECT bF SQLI, PREHFATING AND NUTRLENT ADDITION

ON K COMPOSTITION OF MATZE TOPS 4WAP.

Temperature of Preheating (C)
. Nutrient Addition SRNIA 100 200 600 Means
% K

Control 2.40 2,06 1.49 1.35 1.83
NPKCaMgZnS 2.70 3.32 3.35 2.50 2.97
~N 3.55 3.64 3.09 2.98 3.32
-P 5.25 3.75 3.93 2.49 3.86
-K 1.22 1.15 2.02 0.79 1.30
-Ca 2.61 2.83 3.98 2.11 2.88
-Mg 2.75 3,04 3.63 2.28 2.93
~7n 2.60 2.85 3.21 2.36 2.76
-S 2.75 2.55 3.43 2.70 2.87
Means 2.87 2.80 3.13 2.17 2.75

" ILsd {0.05) (1) Between Temperature means (0.32)

(ii) Between NMutrient Combination means (0.26)

(iii) Between Nutrient Combinations
at one Temperature level (0.52)
(iv) Between Temperature levels
at one Nutrient Combination (0.50)



-320-

APP, 3.10 THE EFFECT OF SQLL PREHEATING AND NUTRIENT ADDITION
ON TOTAL K UPTAKE IN MAIZE 4WAP.

Temperature of Preheating (C) Nutrient
Nutrient Addition 'o! 100 200 600 Addition
Means
mg K/pot

No Fertilizer 16.90 16.33 5.51 5.53 11.07
NPKCaMgZnS 51.53 45.60 27.68 36.96 40.44
-N 60.03 55.63 27.53 20.57 40.94
-pP 31.88 34,00 24.48 29.28 29.91
-K 21.07 20.53 10.95 10.31 15.72
-Ca 48.17 38.77 31.11 32.37 37.61
-Mg 49.10 41.90 41.45 31.33 40.95
-Zn 55.80 49,93 33.21 35.47 43,60
-S 58.10 57.20 34.56 33.91 45,94
Temperature Means 43.62 38.88 26.16 26.19 33.71

Isd (0.05) (1) Between Temperature means (6.30)

(11) Between Nutrient Combination means (6.06)

(iii) Between Nutrient Combinations
at one Temperature level (12.00)
(iv) Between Tamperature levels
at one Nutrient Combination (13.00)
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APP, 3.11 THE EFFECT OF SOLI, PREHEATING AND NUTRIENT ADDITION ON
Ca COMPOSITION OF MAIZE TOPS 4WAP,

Temperature of Preheating (C)

Nutrient Addition ot 100 200 600 Means
% Ca

Control 0.40 0.49 0.19 0.53 0.40
NPKRCaMgZnS 0.24 0.28 0.20 0.40 0.28
-N 0.19 0.23 0.16 0.26 0.21

-P 0.48 0.37 0.35 0.35 0.39
-K 0.25 0.28 0.25 0.41 0.30
~Ca 0.20 0.23 0.19 0.36 0.25
-Mg 0.23 0.25 0.13 0.43 0.26
-Zn 0.20 0.22 0.16 0.36 0.24

-S 0.22 0.20 0.17 0.41 0.25
Means 0.27 0.28 0.20 0.39 0.29
Lsd (0.05) (i) Between Temperature means (0.08)
(ii) Between Nutrient Combination means (0.07)

(iii) Between Nutrient Combinations

at one Temperature level (0,14)
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APP. 3.12 TiE EFFRECT OF SOLL PREHFATING AND NUTRTENT ADDITION
ON TOTAL Ca URTAKE IN MATZE 4WAP,

Nutrient
Nutrient Addition ! 100 200 600 Addition
Means
mg Ca/pot
No Fertilizer 2.76 3.85 0.68 1.97 2,32
NPKXCaMgZnS 4.61 3.81 1.73 5.88 4.01
-N 3.21 3,10 1.47 1.81 2.40
-P 2.94 3.24 2.16 4.13 3.12
-K 4.50 5.05 1.30 5.44 4.07
-Ca 3.65 3.04 1.50 5.54 3.43
-Mg 4.09 3.46 1.42 5.95 3.73
-Zn 4.43 3.84 1.68 5.47 3.86
-S 4.64 4,65 1.78 5.24 4.08
Temperature Means 3.87 3.78 1.52 4.60 3.44
Lsd (0.05) (i) Between Temperature means (1.04)
(ii) Between Nutrient Combination means (0.95)
(iii) Between Nutrient Combinations
at one Temperature level (1.90)
(iv) Between Temperature levels

at one Nutrient Combination

(2.06)
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APP. 3.13 THE EFFECT OF SOLL PREHEATING AND NUTRTENT ADDTTION
ON Mg CONTENT OF MATZE TORS 4WAP.

Temperature of  Preheating (C)

- Nutrient Addition o 100 200 600 Means
% Mg
Control 0.30 0.35 0.28 0.66 0.40
NPKCaMgZn$s 0.20 0.24 0.19 0.47 0.28
-N 0.19 0.20 0.15 0.38 0.23
-P 0.38 0.33 0.28 0.41 0.35
-K 0.24 0.21 0.22 0.63 0.33
~-Ca 0.16 0.18 0.22 0.48 0.26
-Mg 0.15 0.14 0.13 0.44 0.22
-Zn 0.16 0.17 0.19 0.43 0.24
=S 0.18 0.15 0.19 0.46 0.25
Tamperature Means 0.23 0.22 0.21 0.48 0.29
Isd (0.05) (i) Between Temperature means (0.5)
(ii) Between Nutrient Combination means (0.4)
(iii) Between Nutrient Combinations
at one Temperature level (0.9)
(iv) Between Temperature levels
at one Nutrient Combination (0.10)
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APP, 3,14 THR EFFECT OF SOIL PHREHEATING AND NUTRTENT ADDITION
ON TOTAL Mg UPTAKE IN MATZE 4VRP.

Temperature of Preheating (C) Nutrient
Nutrient Addition ot 100 200 600 Addition
Means
mg Mg/pot
No Fertilizer 2.09 2.75 1.00 2.79 2.16
NPKCaMgZnS 3.84 3.24 1.68 6.97 3.93
-N 3.23 3.09 1.45 2.62 2.60
-p 2.34 2.88 1.76 4.74 2.93
-K 4.26 3.72 1.16 8.29 4,36
-Ca 3.00 2.36 1.68 7.38 3.61
-Mg 2.64 1.98 1.41 6.15 3.05
-Zn 3.45 3.06 1.92 6.45 3.72
-5 3.79 3.50 1.70 5.85 3.71
Temperature Means 3.18 2,95 1.53 5.69 3.34
Lsd (0.05) (1) Between Tamperature means (0.88)
(ii) Between Nutrient Combination means (0.62)
(iii) Between Nutrient Combinations
at one Temperature level (1.23)
(iv) Between Temperature levels

at one Nutrient Combination

(1.45)
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APP. 3.15 THE FFFECT OF SOTL PREHEATING AND NUTRIENT ADDITION ON

THE Zn COMPOSITION OF MATZE TOPS.

Temperature of Preheating (C)

Nutrient Addition o' 100 200 600 Means
ppm Zn
No Fertilizer 31 41 - 27 27
NPKCaMgZnS 55 74 65 27 55
-N 72 54 55 21 51
-pP 152 118 87 24 96
-K 54 56 58 23 48
-Ca 63 49 100 35 62
-Mg 81 53 56 25 54
-7Zn 20 21 30 12 21
-S 63 51 65 36 54
Temperature Means 66 57 58 26 52
Isd (0.05) (i) Between Temperature means (15)
(ii) Between Nutrient Combination means (15)
(iii) Between Nutrient Combinations
at one Temperature level (30)
{iv) Between Temperature levels
at one Nutrient Combination (32)
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APP, 4.1 THE, FFFECT OF FERITLIZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON TOTAT, NUTRTENT UPTAKE IN MALZE EARLEAF AT

TKENNE ,
Treatment

Residue Nutrient N P K Ca Mg Zn Mn
Management Combinations mg/leaf ug/leaf
Mulch Control 93 8 64 18 20 96 201
PX 96 15 77 20 21 77 211

NK 96 8 71 20 22 108 259

NP 118 16 63 31 36 109 373

NPK 117 16 86 28 31 98 344

NPRMgZn 123 15 75 28 31 108 356

Means 107 13 73 24 27 99 291

Burn Control 77 9 6l 18 18 77 182
PK 93 13 81 21 21 79 207

NK 98 11 74 20 21 90 285

NP 103 13 58 26 30 89 345

NPK 118 15 76 30 32 96 336

NPRMgZn 127 15 83 28 30 101 299

Means 103 13 72 24 25 89 276

Isd (0.05) (i) 25 3 24 3 3 13 75

(ii) 15 1 13 4 4 10 54

(iid) 21 2 18 5 6 15 77

(iv) 31 4 28 5 6 18 100

(1) Between Main treatment means
(i1) Between Fertilizer means

(1ii) BRetween Fertilizer treatments under
one Main treatment

(iv) Between Main treatments
at the same Fertilizer treatment
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APR, 4.2 THE FFFECT OP FERTILIZER ARPLICATION ON THE NUTRLENT
UPTAKE IN MALZE EARLEAVES.

Fertilizer Treatment Nutrilent Uptake

N P K Ca Mg Zn Mo
mg/leaf ug/leaf
Control 85 9 63 18 19 87 192
PK 95 14 79 21 21 78 209
NK 97 10 73 20 22 99 272
NP 111 15 61 29 33 99 359
NPK 118 16 81 29 32 97 340
NPKMgZn 125 15 79 28 31 105 328

Lsd (0.05) 15 1 13 4 4 10 54
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THE EFFECT OF FERTTILIZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MAIZE STOVER YIELDE IN TKENNE.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
kg/ha Combination Means
Control 4347 2969 3658
NPK 7145 5095 6120
NK 4552 5543 5048
NP 4776 4616 4696
NPK 6037 5470 5754
NPKMgZn 6190 5648 5919
Residue Management Means 5508 4890 5199
Lsd (0.05) (i) Between Main treatment means (1007)
(ii) Between FertilizZer means (1305)
(1ii) Between Fertilizer treatments under
one Main treatment (1845)
(iv) Between Main treatments

at the same Fertilizer treatment

(1935)
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app, 4.4 THE EFFECT OF FERTTLIZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MALZE STOVER NUTRTENT COMPOSTITION AT IKENNE,

Treatment

Residue Nutrient N P K Ca Mg Zn Mn

Management  Combinations % " ppm

Mulch Control 0.72 0.06 0,98 0.68 0.39 341 75
PK 0.66 0,12 1.06 0.61 0.33 313 66
NK 0.81 0.06 1.17 0,53 0.39 339 80
NP 0.89 0.09 0.82 0.79 0.47 337 920
NPK 0.80 0,09 1.08 0.68 0.46 331 82
NPRMgZn 0.86 0.09 1.06 0.65 0.39 328 65
Means 0.79 0.09 1.03 0.66 0.41 332 76

Burn Control 0.73 0.08 1.13 0.70 0.37 361 77
PK 0.71 0.09 1.03 0.48 0.38 346 64
NK 0.80 0.06 1.29 0.61 0.33 305 89
NP 0.83 0.12 1.20 0.74 0.39 349 146
NPK 0.93 0.10 1.20 0.90 0.47 352 101
NPKMgZn 0.92 0.09 1.06 0.84 0.40 323 64

Means 0.82 0.09 1.15 0.71 0.39 339 90
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2PP. 4.5 THE EFFECT OF FERTTLIZER APPLTCATION AND FALLCW RESIDUE
MANAGEMENT ON MATZE STOVER NUTRTENT CONTRTBUTION AT TXENNE.

Treatment

Residue Nutrient N P K Ca Mg Zn Mn
Management Combinations kg/ha ' gm/ha
Malch Control 31 3 43 30 17 1.48 326
PK 47 9 76 44 24 2,24 472

NK 37 3 53 24 18 1.54 364

NP 43 4 39 38 23 1.61 430

NPK 48 5 65 41 28 2.00 495

NPRMgZn 53 6 66 40 24 2.03 402

Means 43 5 57 36 22 1.80 415

Burn Control 22 2 34 21 11 1.07 229
PX 36 5 53 25 19 1.76 326

NK 44 3 72 34 18 1.69 493

NP 38 6 55 34 18 i.61 674

NPK 51 6 66 49 26 1.93 553

NPKMgZn 52 6 66 49 26 1.93 553

Means 41 5 57 35 19 1.70 440
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APP, 4.6  THE EFFECT QF FERTTLIZER APPLICATICN AND FALLOW RESIDUE
MANAGEMENT ON NUTRIENT CCMPQESITION OF COWPEA (CV TVx 1173 -~ 7D)
GRAIN,
‘ Treatment .
Residue Nutrient N P K Ca Mg Mn Zn
Management  Combinations % Pem
Mualch Control 3.91 0,30 1.19 0.02 0.22 26 48
PK 3.78 0.38 1.17 " 0.23 23 44
NK 3.87 0.30 1.19 " 0.21 26 47
NP 3.67 0.36 1.13 " 0.22 30 45
NPK 3.77 0.38 1l.16 " 0.23 19 46
NPKMgZn 3.87 0.36 1.16 " 0.21 23 46
Means 3.81 0.35 1.17 0.02 0.22 24 46
Burn Control 3.83 0.34 1.13 0.02 0.22 26 46
PK 3.93 0.43 1.19 " 0.23 23 43
NK 3.94 0,34 1.19 0.03 0.23 23 45
NP 3.83 0.44 1.13 0.02 0.22 23 44
NPK 4.12 0.43 1.16 0.02 0.22 34 42
NPKMgZn 3.94 0.40 1.15 0.02 0.22 23 46
Means 3.93 0.40 1.16 0.02 0.22 25 44
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THE EFFECT OF FERTILIZER ARPLICATION AND FALLCW RESIDUR
MANAGEMENT ON THE 100 GRAIN-WI OF COWPEA (CV TVx 1193~7D)
AT TKENNE.

Residue Management

Nutrient Combinations Mulching Burning Nutrient
* gm/100 grains Combination Means
Control 14.9 15.6 15.3
PX 14.9 14.4 14.7
NK 14.4 14.2 14.3
NP 14.7 15.4 15.1
NPK 15.7 15.2 15.5
NPKMgZn 14.4 15.3 14.9
Residue Management Means 14.8 15.0 14.9
Isd (0.05) (i) Between Main treatment means (1.6)
(ii) Between Fertilizer means (0.8)
(iii) Between Fertilizer treatments
under one Main treatment (1.2)
(iv) Between Main treatments

at the same Fertilizer treatment
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-8 THE EFFECT OF FERTTLIZER APPLICATICON AND FALIOW RESIDUE
MANAGEMENT ON THE, TOTAL MINERAL CONTENT OF MATZE (CV TZB)

FARLEAF AT STLKING,

Treatment
Residue Nutrient N P X ca Mg Zn Mn
Management Combinations mg/leaf ug/leaf
Mulch Control 112 6 60 50 14 218 1010
PK 122 8 78 47 12 187 1052
NK 105 6 70 50 13 201 1027
NP 135 9 88 53 13 212 1219
NPK 157 10 115 62 18 237 1369
NPRMgZn 129 8 94 52 12 227 1205
Means 127 8 84 52 14 214 1147
Burn Control 87 7 58 50 15 201 1013
) PK 123 10 100 56 14 205 1266
NK 127 7 71 52 13 197 1115
NP 12¢ 9 94 54 12 223 1291
NPK. 140 9 101 56 13 198 1136
NPRKMgZn 143 11 109 58 15 221 1271
Means 125 9 89 54 14 208 1182
Isd (0.05) (1) 2 1 13 4 2 15 105
(1i) 22 1 13 7 2 24 176
(iid) 32 2 18 9 3 33 248
(iv) .29 2 21 9 4 33 247
(1) Between Main treatment means
(ii) Between Fertilizer means
(1il) Between Pertilizer treatments
under one Main treatment
(iv) Between Main treatments

at the same Fertllizer treatment
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APP, 4.9 THE EFFECT OF FERTILIZER APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE TOTAL MINERAL UPTAKE IN MAIZE GRAIN
AT IXKEMNNE,
Treatment
Residue Nutrient NP K Ca Mg In
Management Combinations kg/ha gw/ha
Mulch Control 47 7 15 0.29 4 77
PK 62 10 22 0.45 ) 98
NK 57 7 18 0.35 5 90
NP 74 10 25 0.52 7 122
NPK 73 12 28 0.49 7 125
NPRMgZn 72 10 24 0.52 7 125
Means 64 9 22 0.44 6 106
Burn Control 45 10 14 0.45 4 78
PK 69 11 25 0.53 7 105
NK 58 8 20 0.53 6 98
NP 79 15 32 0.50 9 140
NPK 65 12 24 0.58 7 116
NPKMgZn 75 12 27 0.59 8 131
Means 65 11 24 0.53 7 111
Isd (0.05) (1) 11 2 5 0,05 2 23
(ii) 8 1 4 0.09 1 15
(iii) 12 2 5 0.13 1 21
(iv) 15 3 7 0.12 2 29
(1) Between Main treatment means
(11) Between Fertilizer means
(111) Between Fertilizer treatments
under one Main treatment
(iv) Between Maln treatments

at the same Fertilizer treatment
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APP, 4.10 TOTAL GRAMN YIELDS QF TWO MALZE CROPS AT TKENNE,

Residue Management

Mutrient Cambinations Mulching Burning Nutrient
kg/ha Combination Means
Control (no fertilizer) 7092 6381 6737
PK 9167 9216 9192
NK 7955 8197 8076
NP 9571 9246 9409
NPK 9781 9723 9752
NPKMgZn 10,154 10,333 10,244

Residue Management Means 8953 8849 8901
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APP, 5.1 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON TOTAL NUTRIENT UPTAKE IN MAIZE EARLEAF AF ONNE.

Treatment
Residue Nutrient N p K Ca Mg in Mn
Management Combinations mg/leaf ug/leaf

Mulch Control 65 16 72 5 9 52 429
NPK 105 23 105 12 10 89 963
NPKMgZn 98 20 86 10 12 99 651
NPKMgZn + Lime 129 21 101 21 17 142 551
Means 99 20 91 12 12 96 649
Burn Control 60 10 57 5 8 42 286
NPK 105 21 80 16 15 77 562
NPKMgZn 114 18 74 16 16 110 552
NPKMgZn + Lime 126 20 102 24 19 113 433
Means 101 17 78 15 14 85 458
Isd (0.05) (i) 10 nd nd 1 3 17 132
(ii) 33 " " 6 5 33 242

(iii) 47 " " 8 8 46 342 o

(iv) 42 7 7 43 322 S

(i) Between Main treatment means
(ii) Between Fertilizer means

(iii) Between Fertilizer treatments under
one Main treatment

(iv) Between Main treatments
at the same Pertilizer treatment
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APP. 5.2 THE EFFECT OF FERTILIZER AND LIME APPLICATION ON THE
NUTRTENT CONCENTRATION AND UPTAKE IN THE GRATN.

Fertilizer Application Nutrient Contents
N P K Ca Mg 7n
C prm
Control 1.69 0.43 0.59 0.18 0.17 37
NPK 1.69 0.36 0.45 0.16 0.13 28
NPKMgZn 1.62 0.39 0.50 0.15 0.15 32
NPKMgZn + Lime 1.63 0.44 0.59 0.16 0.17 38

Lsd (0.05) 0.13 nd nd 0.09 nd nd
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APP, 5.3 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON THE MATLZE STOVER NUTRIENT COMPOSITION AT ONMNE.

Treatment

Residue Nutrient N P K Ca Mg Zn Mn

Management  Combinations % PPm
Mulch Control 0.78 0.29 1.55 0.40 0.21 285 277
NPK 0.82 0.28 1.69 0.51 0.15 242 174
NPKMJZn 0.85 0.29 1.66 0.53 0.22 241 213
NPKMgZn + Lime 0.73 0.25 1.72 0.58 0.19 280 182
Means 0.80 0.28 1.66 0.51 0.19 262 199
Burn Control 0.61 0.19 1.41 0.30 0.18 257 125
NPK 0.63 0.19 1.13 0.44 0.26 282 148
NPKMgZn 0.67 0.18 1.24 0.54 0.21 223 189
NPKMgZn + Lime 0.77 0.21 1.24 0.54 0.23 247 111

Means 0.67 0.19 1.26 0.46 0.22 252 143
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APP. 5.4 THE EFFECT OF FERTILIZER/LIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MATZE STOVER NUTRIENT CONTRIBUTION AT ONNE.

Treatment

Residue Nutrient N P K Ca Mg Zn Mn

Management  Combinations kg/ha gm/ha
Mulch Control 12 4 24 6 3 445 345
NPK 22 8 46 14 4 654 486
NPKMgZn 23 8 44 14 6 649 549
NPKMgZn + Lime 22 - 8 53 18 6 880 530
Means 20 7 42 13 5 657 478
Burn Control 7 2 16 3 2 29 141
NPK 15 5 27 10 6 661 344
NPRMgZn 17 5 31 13 5 567 477
NPKMgZn + Lime 21 6 35 14 6 687 313
Means 15 4 28 10 5 552 319



APP. 5.5

- a) Fertilizer Application

Control
NPK

NPKMgZn

NPKMgZn + Lime

Isd (0.05)

b) Fertilizer Application

Control
NPK
NPKMgZn

NPKMgZn + Lime

Lsd (0.05)

5,05
5.30
5.30

5.30

0.47

3.71
3.84
3.69

3.74

0.30
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0.43
0.45
0.42

0.43

0.04

0.50
0.48
0.47

0.47

0.02

THE EFFECT OF PERTILIZER AND LIME APPLICATION ON
NUTRIENT CONTENT TN COWPEA INDEX LEAF AND GRAIN,

Mutrient Content

oo =

2,02
2.01
1.84

1.94

0.36

Ca

1.24
1.72
1.70

2.24

0.64

Mg

0.45
0.40
0.41

0.40

0.06

Zn Mo
ppm
45 668
43 657
55 636
51 402
8 152

Nutrient Content (grain)

K

oo

2.36
2.47
2.30

2,31

0.11

Ca

0.02

0.02

0.02

0.02

nd

Ca Mg

0.24
0.24
0.23

0.22

0.02

Zn M
ppm

44 78

41 74

49 70

44 59
3 11
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APP, 5.6 THE EFFECT OF FERTILIZER/LIME ARPLICATION AND FALLOW RESIDUE

MANAGEMENT ON THE TOTAL NUTRTENT CONTENT OF MAIZE EARLEALF. AT
ONNE, :
Treatment

Residue Nutrient N P X Ca Mg Zn Mn

Management Addition mg/plant ug/plant
Mulch Control 61 15 67 36 8 133 1192
NPK 117 22 98 51 7 187 1406
NPKMgZn 118 20 93 51 9 228 1451
NPKMgZn + Lime 121 20 101 55 8 213 1291
Means 104 19 90 48 8 190 1335
Burn Control 57 12 72 29 5 102 772
' NPK 103 18 95 44 6 144 1184
NPKMgZn 119 19 95 55 8 251 1375
NPKMgZn + Lime 122 17 109 55 8 228 1284
Means 100 17 93 46 7 181 1154
ILsd (0.05) (i) 18 1 20 10 2 45 244
(i1) 15 4 18 7 1 41 145
(iii) 21 5 26 10 2 57 205
4 29 13 3 66 296

(1)
(11)
(iii)

(1w)

(iv) 25

Between Main treatment means

Between Fertilizer means
Between Fertilizer treatments under

one Main treatment
Between Maln treatments

at the same Pertilizeyr treatment



APP, 5.7 THE EFFECT OF FERTTLIZFR/IIME APPLICATION AND FALLOW RESIDUE
MANAGEMENT ON MATIZE (CV TZB) STOVER YIELDS ON AN ULTISOL.
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Residue Management

Nutrient Combination Mulching ‘Burning Nutrient
kg/ha Combination Means
Control 1170 1211 1191
NPK 1747 1977 1862
NPKMgZn 1923 1950 1937
NPRMgZn + Lime 1983 2066 2025
Residue Management Means 1706 1801 1754
Isd (0.05) (i) Between Main treatment means (153)
(ii) Between Fertilizer means (304)
(1ii) Between Fertilizer treatments under
one Main treatment (430)
(iv) Between Main treatments
at the same Fertilizer treatment (399)





