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ABSTRACT

Laboratory and field studies were initiated on some

Southern Nigerian soils to provide a better und.erstanding 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 falIow. 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 amongi the fallows as a result
of differences in vegetation, climate and age of the fallow,
Nut,rient storage was least in a grass fa1low"

The quantity of ash after burníng was generally smaIl,

ranging from 310 Rg/ha in the grass to 675 Kg/ha in the forest-
type fallow. Recovery of nutrients as ash was less than 4L

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 el-ements. The ash was inferior
to KHTPO4 as a P source but it reduced P adsorption from

KH2POA 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 cont,ent than the lime.

During burningo 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 duratÍon of maximum
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temperatllres at these zones was l-ess than 15 minutes. Surf ace

samples of the Alfisol and Ultisol soils heated to ZOO C in the
laboratory were not markedly affect.ed. 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 statisticallv
significant.

Maize and cowpea yields in the first year on the Alfiso]
did not differ significantly between mulching and burning. yield
response by maize to any one of the add.ed nutrients was not sig_
ni-ficant. cowpea to which no fertilizer was added, did not
respond significantly to residual fertilizer " rn the second.

yearo 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 Iiminq was not
significant. cowpea yields and nutrient response v¡ere comparable
with those on the Alfisol" rn the second. year, maize yield.s
declined by 32 and 60 per cent of the first year's yields with
and without fertilizer, respectively. Yields under burninq were

significantly higher than those under mulching.

Fa1low burning temporarily increased soir pH, organic c,
avaj-lable P and exchangeable bases of the two soils and decreased
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exchangeable Al estimat,ed only on the Ultisol" As soil pH and

base contents of the soils declined with time, exchangeable AI

on the Ultisol increased" The decline in the soil properties

uras similar between mulchíng and burni ng 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 soj-I properties and. plant growth"

The Alfisol can support profitable and continuous grain

production with modest fertilízer inputs and good crop manage-

ment" The Ul-tisol appears capable of producing good maize and

cov¡pea crops in the first year at least" Reasonable maize

yields j-n 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 A1 in the Ultisol may

be major lj-mit.ations to profitable and continuous crop cul-
tivation.
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Chapter l-: General Introduction

1"1 Shifting Cultivation, Forest and Bush Fal1ow
Management Systems in the Tropj-cs.

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 (L976) , 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 conducted on

nearly 30 per cent of the t'forldrs exploitable soil resources.

Tt provides subsistence for over 250 million people or about

B per cent of the World.ts population (Hauck, L974) " The l-and

under forest fa1low is usually preferred for cultivaLion to

any secondary forest or bush fall-ows" Thus, the system leads

to a continual deforestation and a systematic elimination of

the forest effect on climate" To this end, Faulkner and

Mackie (L933) consid.ered it a wasteful system"
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The extensive Literature on shiftlng cultivation covers

a range of lnformation from geographical- and anthropol-ogical

to cultura]. conditions (Conklln, L963); economies and physical

environment (Forde, L934) to conservation and development of

Africats natural resources (Hanro1z, 1949; Worthington 1958).

Nye and Greenland (1960), and Jurion and Henry (1969) reviewed

the literature on shifting cultivation in South America"

Grigg (I97 4) traced its evolution in relation to other world

agricultural systems" The Ibadan seminar of FAO-STDA on

shifting cultivation and soil conservation in Africa (L974)

and Sanchez (I976) have atl attempted to bring together the

diverse information of this aged-o]d agricultural system.

The classical shifting cultivation in the humid

tropics in which the farmer moves from place to place ás

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 Lhe 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

faIlows. okigbo (L974) 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 J.ow;
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(b) short term bush fallows or planted fallows of shorter

duration of two t,o f ive or slightly more years;

(c) rudimentary sedentary cul-tlvation of often not more than

two years of fal1ow and

(d) permanent or cont,inuous cropplng systems or compound

gardening in which farm and household refuse, and símple

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 j-n 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-

Iy, maize, rice, beansr Yêms and later cassava are the maj-n

crops. These crops are usually muJ-t.iple or inter-cropped for

one or two years before the land is abandoned to revegetate

(fallow). The availabilitl¡ of 'primary forest landsu the



-4-

population denslty and other Land pressures determine the

time all-owed for revegetatlon which coul-d J-ast from four to

twenty years. Most soll types are cropped with l-ittle regard

for the fertility status " The foregoing review is evidence

that the practice of shifting cul-tivation is fairly complex.
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1,2 Forest and Bush FalLow System ln Southern Nigeria"

In most of Southern Nlgeria, farm lands are rotated

on a yearl.y basis wÍthout a corresponding movement of home-

steads. The slashed parcel-s of l-and are al-l-owed 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 cuttinE 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 yams 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 Erasses in the savanna or to a thicket regrowth in

the rainforest. The cycle is repeaLed after a number of

years dependinE on the pressure on the land"

Generall¡¿, 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 rnulch whereas, in most of the other tropJ-ca1 zones,

including Southern Nlqeriao the residues are burned.
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There is a considerable controversy over the merits

and demerits of shlfting cultlvation" The slashing of the

fall-ow and the subsequent use of flre to exploit the tropical

environment has been condemned by the FAO (1957) as wasteful

in terrns of Land and human resources, The F.A,O 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 vegetat'ion" This

degradation causes a rapid d.ecline in soil fertility and crop

yields" Brínkmann and Nascimento (1973) did not consider

residue burning a prudent ¡>ractice but, believed that it is

the cheapest means of bringing a climax fcrest vegetation to

an immediate but temporary economic benefit"
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1"3 The Problem

Shifting cuLtivation or bush fatlow system is a stabl-e

aqricultural- system when l-and is abundant and population

density is }ow" However, popul-ations 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 faIlow 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

giermane to any replacement or improvement effort. Okigbo

(L974), suggested that any alternative system must be viable,

culturally acceptable, of less labor and permanently produc-

t.ive "

within the framework of the above general problem, the

present investigation has two main objectives;

L. To study the present agricultural system by

(a) e\¡al.uating quantitatlvely ahd qualitatively the primary
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production in typicaL fall.ows in rePresentative areas of

Southern Nlgeria¡ nutrlent storage in the biomass and nutrient

recovery as ash"

(b) testlng the effectiveness of ash as a source of nutrients

and l-ime to lmprove crop dry matter yiel-ds 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 practíce

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-cor¡/pea-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 Ij-me 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

wilt help the long term effort of deveLoping a management

system that w11,1 lncrease and sUstaln crop yields on a pro-



-9-

fltab1e and contlnuor¡p þasls,

DetaiLs of the foregoing objectives are given in the

appropriate sections of the thesls.
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1/l
Io? The Physical Background and Soils of the Study Areas"

Southern Nigeria as referred to in this thesis embraces

Lhe former v¡estern and eastern regions of Nlgeria. Western

Nigeria Lies between longitudes 2o 45 t and 60 451 east and

latitudes 40 431 and 90 15t north. It covers approximately

11r700 Square kilomet.res" It has an average annual rainfall

of 1100 l-500 mm" There are about B - 9 months of wetness

which begins in mid-llarch and ends about mid November" The

mean annual maximum and minimum temperatures range between

30 - 32 C and. LB - 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 geotogy of the area is made up of three major

components:

(i) undifferentiated crystalline basement complex of igneous

and metamorphic rocks of precambrian age" S1ight.1y more than

50 per cent of Lhe area - mainly northern Savanna and central

forest zone is underlain by such rocks.

(ii) J-argely unconsolidated sandstones sedimentary deposits

of mainly tertiary and to a lesser extent' quarternary ages"

These are located in the souLh"

(ili) recent deltaic deposits also occurring in the coastal

reglons in the extreme south¡ iieay (L953).
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Smyth and Montgomery (L962) F Moormann, Lal and Juo

(1975) summarized the major soils of the area as:

a) Alfisols which are moderatel-y to strongly leached,

well drained sandy l-oams 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 soils o sandy loams to loamy sands

deríved as for (a) under forest vegetation in the central zone

and also in the southern and southeastern areas"

Floyd (L9 69) , IJzozie ( 19 71) in Okigbo (L97 4) , and

Obi and Tuley (f973) extensively reviewed the physical back-

ground. of the eastern region. Tt lies between longitudes 50

31t and go 30t east and latitudes 40 15t and 7o 05'north.
It is rhomboidal in shape occupying approximately 76,334 sq"

km. being bounded in the south by the Bight of Biafra, in

the north by boundaries of the present states of Kwara, Benue

and the northeastern states, in the east by the Cameroon

Republic and in the west by the lordly River l1iger and. its

tribuLaries.
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 l-agoons, barrier beaches, creeks and swamps

and north of these, the terrain rlses gradually through open

" flat land broken in several places by rldges, vaII-eys and

isolat,ed hili.s" The mean rrrrrrrui rainfal-l- exceeds 4000 mm in
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the extrerne south and nqftheast and declines fn a central-

northwesterly directlon t.o below 1800 Ím. The monthly

average temperatures range from a mÍnimum of 2I C to a

maximum of 32 C" AnnuaL temperature means are above 24 C

everywhere but rarel-y 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 al,most paralIel 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 vegetatíon around the Obudu

Pl-ateau "

Geomorphologically, there are two strJ-king features:

1) a plateau of false beddejd sandstone in the west varying

in elevation from 160 to 300 metres" This runs southwards from

the Universitv 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 HllLs east of the l.ower Cross River basin northwards to

the Obudu Plateau, whlch rises up to L930 metres"
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In describlng t,he sofLs of the SoutheasterÍ part of

Nigerla, Jungerlus (1.964) clted the description of African

soils by DrHoore, On this basis, Jungerius inferred that

these soils are a refl-ection 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

raai nn "

(d) Ultisols developed from coastal sediments and

(e) Hydromorphic soils developed on sÍtes prone to periodic

water-logging as in the Abakaliki area"

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 i-n the Appendix.
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Chapter 2z The Role of Fallows in

Shlfting Cultivation Areas.

2"L Review of Literature
2 "I"I Fa-!-Low ßíoma.tt and Stnuctuna.L Comytonønt¿.

The validity of shífting 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 invol-ves 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 farlows and therefore,
further elucidating the relations between the soir, fallow and

crop yields" Bartholomew e-t aL" (1953) in their Zairean

studj-es, Greenland and Kowal (1960) in Ghana, Golley ¿t a,L"

(1969) in Panama, and Ovington and Olson (1970) in puerto Rico

as reported by Sanchez (I976) all indicated the constancy of

the maln forest parts, They reported that about 75 percent of

the biomass consists of branches and trunks; l-5-20 percent

rootsi 4^6 percent leaves; and l--2 percent Litter" Other
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studles by Bartholomew e.t a,(, (1953) ln Yanganbi¡ Jaiyebo and

Moore (]-964) In Nigeria, Snedaker (1,970), and Teargas and

Popenoe (197I) ln Guatemala have all- attempted. a quantitative
assessment of dry matter production of fal_Iow plants, cul-
tivated croPs and the arnounts of nutrÍents accumulated by the

fallows. Sanchez (L976) estimated 200 - 400 tons/ha. of drv

matter in one such South American forest fallow.
The characteristics, dynamic processes and equir-ibrium

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

(I974) , Mouttapa (I974) and UNESCO (1975) 
"

Okigbo (I977) 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 Flest Cameroun, Hawkins and Brunt,

(1965) found 5 strata wlth the highest layer, mainly of

scattered emergent trees 30 to 60m high¡ a second layer of

trees 20-30m hlgh wÍth 60e" open canopyi a lower stratum of

shorter trees I0-20m high wlth a discontinuous canopy, below
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which there was a layer of, shrubs and tal,l herbs 3-4m in heighr,
and finally the J.owest Layer consistlng of herbs and seedlings

which were up to one metre 1n helght" A forest of this kind

is a biologlcalt-y 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 pranc spe-

cies, their rates of growth and development, the amount of
wood which accumulates in 4-9 years of falrow may exceed.

?
90'200 m- /ha" The amount of dry wood added yearly may amount

up to 12000 kg/lna" 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

¿t ax-. (1971) reported simirar data for tropical America and

Asia "

2.I"2 FaLLow a"nd SctíL Nutníent Stotza,gø.

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 No P, Kr ca and Mg storage of 183rt L26, 819, 2526

and 346 kg/ha., respectively, for vegetational- parts ranging

from trash to litter" rn the yangambi arear ên l-B-year
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secondary forest cçntalned a total of 359f 73, 405t and

501 kg/ha of N, P, K and Ca + Mg' respectively, while a

5 year secondary forest ln the same area contained 391, 24,

344 and 293 kg/ha of N, P, Kt 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 2t-3 kg/ha of N, P, K, Ca and

Mg respectively while a 6 year fallow in Benin, southern

Nigeria (predominantly Acioa barteri) tiea up 311, 27, L74,

230 and I47 kg/ha of N, P, K, Ca and Mg, respectively" In

the dry forest and savanna zones, nutrients stored in the

fa1low are considerably less as shown by data from southern

Rhodesj-a where total N, P, K, Ca averaged 22, 2, 30 and

L4 kg/ha, respectively. Sanchez (1973) also traced the range

of N, P, K, Ca, Mg, S, Fe Zrt, Mn and Cu in the total biomass

of mature forests in Zaire, Ghana, Panama and Puerto Rico.

The foregoing daLa from various locations show the

magnitude of nutrient storage in the fallow biomass of climax

or near climax vegetation. It is the magnitud.e of this nutrient
storage that gives the shifting cultivator the potential for
developing a successful farming system.

Nye and Greenland (f960) were skeptical- of data based

on soil analysis deslgned to estimate the amount of nutrients

added to the soiL from the fallow vegetation because only a

few of such lnvestigations have taken cognizance of sampling

errors" However, they recognir"O 
"fr.t 

nutrient addition to the
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soil couLd be reJ.ated to the forest faLl,ow age even though

nutrient storage ln an ol-d 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
falIow" These authors as well as Sanchez (L97 6 ) 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 4O-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 Congor âS reported by Nye and Greenland

(1960), and found a fair agreement between estimates involving

soil analyses and fallow plant composition" Greenl-and and

Kowal (f960) working on West African AlfisoIs 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 soil- are higher than those of the

Ultiso1s, Oxlsol"s or some Inceptisols, Thus, the relationships

in the J.att,er could be dlfferenÈ" In conclusion, Nye and
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Greenl.and (i.960) reviewing soll nutrlent storage stated

that the soils of the evergreen forests contain within the

first 30 cm layer considerably l-ess of all nutrients than

are stored in the mature forest fal-l-ow 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 leve1s 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. Soil-s 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 organíc matter in the former.

There is a dynamic florv 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 soll- and cl,lmatê¡ and the nimber of years of growth, Lhe



-20-

actual amaunts of nutrlents invol.ved In each process may be

conslderabLe" Nye and Greenland in thelr studies at Kade

1n Ghana calculated the annual turn-over in nutrients on the

basis of percentage total- capital stored in vegetation in a

4O-year ol-d mixed secondary bush - N J-LZ¡ K 322¡ C L2Z and

Mg 1BU. 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 contrj-bution 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 foresL trash is burnt" Okigbo (I974)

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 Greenl-and 19600 Moss 1969) " Nye and Greenland (1960)

post.ul-ated that during the fall-ow periodf more nut.rients are

accumu1"ated in the standing vegetation than in the soil.

There is a].so evj.dence that i.n .the forest falLow there is a
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net transfer of nuLrients frorn suþsoil as a result of deeper

root penetration. SoiLs under forest contaln 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, L974) " Nye and Greenland (1960) also quantified

the nutrients stored in the aerial- cover of falIow veqetation

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 mattero 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 techniques 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 orsanic matter will depend on the
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intensity and time of burning" The more intense the burn and

the drier the materlal slashed, the more complete the destruc-

tion of soil organic matter and the greater the reduction of

residual- ef fects of organic residues. Burning may be carrj-ed

out on residues left on Lhe soil surface or buried in the

ground (Hawkins and Brunt, 1965).

2 "L"3 FctlLow Manctgøm¿nt - ßunnLng.

The rainforest c1imax vegetation normally has a well

developed and intense growth of fallow" Physical management

of the slashed material is difficult. Thuso 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

soj-I 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 lmmediate soil surface is heated and t.his 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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avalLabillty of nutrient lons 
"

3) The change in pH and nutrlent avail-ablIity may result in
a very clifferent microfLora from that originall-y present"

There 1s littLe in tropical literature concerning the

quantity and chemlcal- composltion of the ashes after a

tropical forest is burned" Seubertfs data (1977 ) from a burnt

l7-year oId secondary forest in an Ultisol of Yurimaguas showed

an average of 4 |uons/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 Krl/lna, 240 kg/ha

of dolomitic lime and substantial amounts of micro-nutrients"

Boyle (L973) indicated that burning a 32-year old jack pine

forest on a sandy soil in Wisconsin gave ash that averaged

about L6 tons/ha of dry matter with a variability among samples

ranging from 5 to 54 tons/ha of ash" He calculated that the

ash ad.ded to the soil about 46 to 595 kg K/ha, 37 to 1128 kg

Ca/}:a" Neither Boyle (1973), nor Seubert Q-Í. a'L" (1977 ) gave

an indication of how much dry biomass yielded the estimated

quantities of ash" Their data und.erscore the tremendous

variability encountered in studies of this nature"

Nye and Greenlandrs data (1960, 1964) from

of Ghana were used by Sanchez , (I97 6) to produce

which showed that ashes added 1"5 to 3 tons/ha of

180 kg/ha of Mg¡ and 600-800 kg/ha of K. Similar

were also made on UltisoLs or Oxisols of Yangambi

Liberlan solLs ¿ presumed to be Ultlsols, (Nye and

the Alfisols

calculations

Cd, about

calculations

, Zaire and

Greenland 1960) "
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Sanchez ¿ (1976) reported maklng sfmitar caLcuLations on six
yeJ-Iow latosoJ-s uslng the data of Brinkmann and Nascimento

(1973) fron Manaus ln Brazll-" Calcium added ranged from 275

to over 600 kg/ha, magnesium 30-80 kg/nu and potassium

9a-240 kg/ha" From these data, sanchez (r976) , 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" Furthermoreo Sanchez (I97G) contended

that the burning process is less thorough in udic than ustic
moisture regi-mes 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 \^ras shown by Seubert ¿t a"L" (1977)

in Yurimaguas " The ash incruded charred materials that con-

tained nitroqen"

b) Mu.LcL íng:

The clearing and burning of fallow vegetation is
equivalent to the removal of vegetation which may affect
different components of the hydrologic cycle (LaI, 1975). In

his extensive review of the role of mulching in tropical soil
and water management¡ LaI (l-975) indicated that mulching improves

bofh the physical- and chemical prbperties of the soil. He found
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thaL the arganlc rnatter Çontentr (an lrnportant variable in

the maintenance of the fertl3-ity status of tropical soils)

and cation exchange capacity can be maintained at a high

leve1 by mul-ching" In terms of the physical advantages, he

indicated that mulching can signiflcantl-y control erosion by

absorbing the direct impact of rain on the soil" This minimizes

runoff losses since infiltration is maintained at its maximum

1eve1. Mulching improves the soil moísture 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, L974). Observations in IITA field trials indicate that

mulching influences earthworm activity by facilitating worm

casting. Lal (L974) , suggested that the high earthworm

activity under mulch may account for the higher rate of

infil-tration 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); LaI and Hahn (L973 ) suggested

that in a tropical environment, mulch can keep soil temperatures

more uniform and also decrease the amplitude of diurnal tem-

perature variatj-ons.
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2"2 Statements of ObJectives

Under the prevalling tradltional farming systems in

several areas of tropical Africa and Asla, 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 faIlow residues.

(c) the nutrient potential of the fallow vegetation and

ashes, and in particular, the liming value of the ash samples

especial-ly on the Onne soil with a 1ow pH"

2" Since burning in the field involves some element of

soil heating¡ âr! 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

heatÍng 
"
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2,3 Materials and Methods

2.3.L The two field sltes chosen were located at rkenne and

Onne in Southwestern and Southeastern areas of Nigeria,

respectively 
"

Il¿ønn¿ Sít¿: This location lies in the Institute of Aqri-

cultural Research and Training Station about B0 kilometres

south of Ibadan. The fallow vegetation in this area was

dominated by Eupø"tottiun 1doncttun mixed with sorne shrubs and

trees" The fa1low itself was judged to be more than six (6)

years old" It lies within the frinqes 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 L972. 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"I"

)nn¿ Sítø; This is located. in the hiqh rainfall substation

of the Int,ernational Institute of Tropical Agriculture (IITA) ,

about 450 kilometres southeast of Ibadan with an annual rain-

fall of about 2600 mrn. Of t,he \¡ery abundant faLlow species,

Anthona,tl, m&ctLophgL,La and A,Lehonnøa cotLdi(1o,Lia" are the most
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CHÐflCAL PrcPEro'IES CF. II€II'E AND CÐ{I.]E SOII.S*

Physical Properhies;

(i) Sand )

)(ii) sil-r

(Ìii) Cl-ay

Ctrernical P:rcperties :

(i) pH (l-:l soil/waLer)

(ii) organic carbon

(iii) Total t{

Extracbable cations (rne/100 g) :

(iv) ca

(v) Mg

(vi) K

(vii) Na

(viii) l,¡:r

(ix) B<changeable Al

(x) Bray T-P (ppn)

(xi) cEC

Ikenne

72

L5

13

6"10

1" s6

0"16

5. 40

2"90

0"25

0.16

0"16

6.00

9 "U4

Onne

67

l_5

18

¿?ô

1.04

0. 10

0.26

0.09

0"07

0"14

0"02

1" 60

26

¿"óo

*Data collected frcrn IITA Soil úremistry/Fertility Units
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dominant" The vegetation lras judged to þe over six years

old and the detaiLed lnformation of the slte and the soil
descrlbed as a Typlc paleudu]-t is shown in Appendix r and

Table 2.I respectlvely"

2 "3 "2 FaLx-ow P.LanÍ. and soil- sa-mytLíng ßedottø sx-a¿l,tíng and
ßunnina.

Both si-tes described in the foregoing section were

selected during l-ate November of 1977" A third site was

chosen on the rrrA site at rbadan to represent a primary
forest situation although there was no common or dominant

fallow or forest species. Hence this farlow is described
as a primary mixed-type.

At rkenne and onne, metal squares lfxl m2] were used.

to demarcate random sampling sites at which all fall_ow

vegetation was cut up, dried and weighed" At rbadan, sampre

sites of 20 x 20 m2 \,vere subplotted into five units usincr
)2x2 m- metal zones. All trash within these squares was cur

and treated as for rkenne and onne. An estimation was then
made of the fallow biomass production on a surface area basis"
Subsamples were taken for nutrient analysis.

SoiI- Samp.Ling; The first set of soil samples was taken two

weeks before clearlng and burning and another, one day after
burning at four random Locations within the plots and at
depths of 0-7.5 crr¡ 7"5-15 and 1.5-30 cfii" These locations
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were rnaintained throughor¡t the proJectu Further samples vrere

taken at other periods but spaced out to embrace the entire

cropping period.

Pnoc¿dun¿ óon flnø A¿h Sa"mpX-ing:

Vùhen the sites at lkenne and Onne were chosen, the

labour for both slashing and burning was provided by the local
people most of whom \^/ere f armers. 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 lxt 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 lxl m2 plots

were selected at random, but within the four blocks (or

replicates). These 25 units vrere marked out with the aid of

a metal square. The specific field plots of 6 x 5 square

metres were then burned on an individual basis by these

farmers and in the same way they would have done on their

own fields" When sufficient time had been allowed for the

soiJ. surface to cooI, the powdery solid residue left after

the combustlble plant parts had been burned was carefull-y

scobped off the soil surface with spatulas and from within
2the lxI m- plots descrlbed above" Care was taken to avoid
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mixing this residue - ash with soIl" The unburned debris was

al-so separated" Each lxL m2 sampLe was bagged, later sieved

with a 2 mm sieve and welghed. The sampl-es from the four

aluminium trays were bagged separately and reserved for

analysis in order Lo compare with those collected from withín
)the 1x1 m- units" Later, the 25 subsamples r,rere 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 tlre lbadan sites except that tl.e
sanpling area was j¡rcreased to 4 sq. rp,etres instead of the l-xl m2 at lkenne and

Onne.

2"3.2.L SoiL, PLant and Ath Ana"Lq,sid.

The soil samples were analyzed for:
(i) pH in water (1:1 soil:water) using a Beckmann Zero-

matic pH metre"

(ii) Available P by the Bray No. I Method.

(iii) Exchangeable A1 and Total Acidity by the Titration

method after extraction with IN KCl "

(iv) Exchanqeable cations extracted with IN NHnOAc"

(v) Organic carbon by ttialkley and Black methcd, Plant and

ash samples were analyzed for

i) N by the Kj eldáhlls steam distillation method"

ii) Ca, Mg, K, P, Feo l1n and Zn after digestion with HNo3 -
HCL04 acid" Ca, M9, Fe, Mn and Zn were determined on the

Atomic Absorption 5pe'ctrophotometer IPerkin Elmer model 403] "

P was estimated colorimetricall-y using Bausch and Lomb
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Details are shown ln
Analysis. ITTÃ, Ser.
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K was determined

rrSelected Methods

I ed. A.S.R. Juo

photometry.

and Plant

by fLame

for Soll-

t-978 
"

2 "3 "2 "2 SoiI- T¿np¿na,t.urLQ-y duníng FaL.Low ßutnínq

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 sq. metres was slashed

and all-owed to dry. During this drying interval, five (5)

trenches were dug on this site" These r^¡ere connected by

tunnels wide enough to facil-itate movement from one trench to

the other" Each trench served as a point of monitoring of

temperatures of burning on a 5 x 5 sq" metre zone located

within the large block (of 20 x20 sq. metres). Thus, there

\^iere 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

and top soil" Actual temperatures at 5 cm soil depth at each

of the five sites were moniLored with the aid of a temprobe

temperature test kit having a range of 50-427 C" The means of

the temperature reached in aL1 l-ocatj-ons and points were then

plotted agaínst the average tlme during which these were

reached 
"



-33-

2 "3.2.3 Qet.e.nn,Lnaíion o d tlne Lím¿ Ec¡uiva.Lenee o d A¿h.

After grinding the ash samples collected from Tkenne

and Onne to pass through a 60 mesh sieve, triplicate l-"0 gm

samples were boiled with HCL following the method of Jackson

(1958)" The neutralizíng or lime equivalence \^las then cal-

culated after back tiLratinq with NaOH"

2"3"3 Gn¿¿nl'tou¿ø Exytenim¿ntt on Íh¿ Nutni¿nt and Lim¿
ø$[ect,s oI A,sh.

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 sampJ-es

(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 witl'r that of hydrated lime "

The maize variety TZPB which was the test crop was

planted at the rate of 10 seeds,/pot and thinned to 5 plants/poL

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 pprn of K; 15 ppm of Mg and 2-5 ppm of

Zrr" These were mixed in the appropriate combinations with the

soil before addlng the ash. The plants \'üere grown for four

weeks u

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

Separate detail-s of each experlment are glven below:

Tnia"L I: The soii- used was

main treatments were (a) No Ash; (b)

quantity calculated on the field ( 
=

treatments consisted of control, PK;

Experimental design was a split-plot

the Ikenne sample. The

Ash (based on the field

430 kg/ha) " The sub-

NK; NP; NPK and NPK MgZn"

with four replications "

Tnia,L Ír: 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 (ou)2" 2H2O) " The

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 CaC0, = 4l-2 kg/ha hydrated lime) " Sub-

treatments of Control; PKr NK; NP; NPK; NPKMg; NPKZn and

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

tions.

Tnía,L III: In this trialo the lime effects of several

quantities of the onne ash placed on the soil surface or mixed

with the onne soil were compared. with various levels of hydra-

ted l-ime (Ca(OH) 2- 2H2O) which were mixed with the soil. The

treatments consisted of:
(1) 563 kg/ha of ash broadcast on the soiL surface

(i1) 563 kglhra of ash mlxed with the soj.l-
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(iit) LL26 kg,/ha of ash þroadcast on the soil surface

(iv) LI26 kglha of ash mixed with the soil-

(v) 2252 kg/ha of ash mixed with Lhe 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 lime mixed 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 qood qrowth"

2"3"4 Ed(øctt: od Ath on tln¿ P Conlent¿ od Ec¡uí!-íbnium SoLutíon.

The soil sol-ution is the immediate source of P for plants

although there j-s very little P in this sol-ution throughout the

growth period" During the growing season, the soil solution

P has to be frequently replenished" Dissolution or desorption

from the inorganic 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, I980).

fn the prevailing traditional farming system in Southern

Nigeria, such replenishment can also occur through the process
li.,,.l t^i', r.¡..' -','",

of burning and tl¡e resulting /addltion of plant ash to the soil.
The P released into the soil- solutlon reacts imrnediately with

the inorganic fraction of the soiL" Il7il-d (l-950) as cited by

Soper and Racz (1980) suggested that the inorganic P portion
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nay be crystalline compounds of F derlved from the parent

material or fqrmed as fertlLizer reaction products and varying

amounts of P absorbed on dlscrete cornpounds of Al, Fe and

hydrous oxides 1n acid soils 
"

The ash from burning contains inorganic P which may be

solubl-e when added to soiIs. 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 I2"5,25u 50,100 and 200ppn

P at each level of the added ash" The P added was obtained

from a soi-ution of KH2PO4. The suspension electrolyte was

0"01M CaCL- 1n a total volume of 30 ml (1:10 soj-l ¡ 0"01M CaCl.) "¿¿
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Three drops af tol.uene were added to suppress microbial

activity. The suspensions were shaken for one hour twice
J^.:1.. 

^! 
!t^,L¿qrrJ c lru u¡¡ê end of the slxth day, the P in so1ution was

determíned following the method of Fox and Kamprath (1970) 
"

Thus, the d.irect effect of the addiLion of ash on solution P

and the indirect effects of ash on P in phosphated soil were

evaluated..
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ResuJ.ts and Discussíon

Th¿ ßiomatl Pnínønt¡ ?noduetíctn o d SeL-¿etød FaI'[owt

The two falLow sites at Ibadan and that at lkenne in

southwestern Nigeria were located within the same rainfall

zone" The Onne fallow in southeastern Nigeria was located in

t.he high rainfall forest belt" The forest fallow at lbadan

and the secondary bush at Ikenne were on Alfisol soil typest

the grass fallorv 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 Ïkenne and Onne"

The selected fallows were representative of the vegetation

types in the area and varied from secondary bush at Ikenne

and Onne to grass and forest types at lbadan"

The dry matter production at the lbadan forest site

was almost twice as much as that at the grass site (table 2.2)

The two Ibadan fallows \^/ere 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 Ïbad.an forest \^rere 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.. Slnce both fallows at' Tbadan
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BLE 2"2 FAËIff^t DK tnfTER YIELDS; ASrcüIIIS OF.ASH 
^qAtD TTIEIR IIRIEBAL COL{poSrTrcNt.

I.laterial Ðry matter !{ P K Ca }b Zn th Fe

Ikerure a)
(6 years fallcx¡¡)

Onne a) PFV
(6 years fallow)

þ) ASn

Preburn Fal-lcn^¡ 5,610 l-.90 0"11 0"89 0"87 0"52 25 143 128
Vegetation (PFV)

Ash (after burning) 430 0" 69 0"29 1"79 3"53 1.93 456 L24O T}OO

Ibadan Forest a)
(over 15 years
fatlq¡¡)

b)

Ibadan Gnass a)
(over 15 years
fallq¡v)

b)

PFV

Ash

PFV

Ash

10,088 2"L4 0"30 2"rB 1"40 0.69 35 859 209

563 0"91 0"04 3"53 5.94 1"65 470 2500 6700

45,511 I"27 0.07 0.75 I"46 0.37 78 525 *

675 0"30 0.95 13"50 17"I0 2.65 362 239t_ 5109

l9f8BB 0"49 0.04 0"56 0"45 0.20 24 150 *

310 0.36 0"61 10.30 0"90 3.20 33 IB75 4725

rt determj¡¡ed.
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?i€re older than the lkenne faLLovr, tlme was the major factor

that lnfluenced the ylelds" The forest fallow produced nearly

eight tlmes more dry matter than the Ikenne bush on a similar

soil type" Tn this regard, time and the nature of the

vegetation at Ibadan forest were major influences which deter-

mj-ned the yields. The grass fallow compared with the rkenne

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 fal1ow produced twice as much dry matter as

the Ïkenne fallow but both were comparable with respect to

time" HolnTever, 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

uras 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 rlch 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 v/ere probably due to

the effect of tlme, soil-s and vegetation. The three factors

coul-d have accounted for higher ylel-ds at Ïbadan forest. Only

the effect of time and soils woul-d have caused higher yields

at the grass site than at Onne, since Lhe grass is usually

regarded as a poor fallow species (Sanchez, L976) compared

with the dominant hardy Antltona,ta mactLlphqLLa" 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 t<-r 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 vegeLation,

time favoured higher dry matter production for Ïbadan sites

versus Onner/Ikenne. The latter two fallows are the short,

typical and more regularly cultivated types in Southern Nigeria.

The primary production in these Lwo cases was low.

2.4"2 Nutníe-nt Stonaq¿ in thø Fa-LLow.

The storage of nutrient elements in the prebr.lnn

fallow vegetation followed the pattern of the biomass yields

(tab1e 2.3) " There was, howeverr flo direct dependence of the

storage on the yiel-ds" the factors which affected the biomass

yields may to sçme extent, influence the nutrient storage. The

dif ferences ln the amounts of nr¡trients stored among the,, f.allo¡,us
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ABLE 2. 3 NLiiRTm{T CçÐ{iRIBUTIQNI FRC['1 FFEFBIIR$ FALrCr$ \E@TATIQN (P¡r/) n¡qn
ASTI FROq SETIF]CTM STMS IN SOIJTTffiilT NTæRIA"

ite l4aterial CaCO.
.J

Ecnrival_ent
ÌIutrient Contrjjcution (And U Recover¡¿ in Aqhl *

¡4n Fe

0" 0B 0"72

0.53 3" 40

8 " 70 2"I0

1" 41 3" B0

t9 **

1" 60 3" s0

2"60 **

0" 60 1"30

Ikenne i) pFV

ii) Ash

Orne i) pI'V

ii) Àsh

Ibadan Forest i) PFV

ii) Ash

Ibadan Grass i) Pn/

ii) asfr

Flgr:res enclosed
ìn tho .aqlr

not deterntined"

3

6

I
L07 6 s0 49 29 0"14

3 (3) I (17) B (16) 15 (31) B (28) 0.le

216 30 220 l4l- 70 0"3s

5 (2) 6 (20) 20 (e) 33 (23 ) e (r3 ) 0 "26

4sB 26 270 526 r34 3

2 (0 "4) 6 (23) 91 (34) L75 (22)18 (13) 0. 24

84 7 95 77 34 0.40

1 (1) 2 (2e) 32 (34) 31 (40) 10 (2e) 0. 10

lnl

**

in brackets represent percent recovery of tlre specific eIe¡ents
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were due to the Variabil"ity of the nutrlent concentrations

in these falLow vegetations o

The major e!-ements No Pr Kr Ca and Mg stored ín the

blomass ranged from B4*458; 6-30¡ 50^270¡ 49-526 and 29-734

kg/ha of each element, respectively. Phosphorus was the lowest"

The forest fa1low with the highest biomass yields also had the

highest amount of each nutrient stored except P" In this case,

there appeared to be Some direct relationship between the

biomass yields and nutrient storage. Ho\^¡ever' 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, Do

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-

t.ilit.y status of the forest soil favoured a higher nutrient

storage than was obtained at the grass site"

The Ikenne bush fa1low 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 \,üas 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

Ikenne Soil was rlcher and more fertile than the grass fallow

soll, and the plant SPecies relatively better than the grass '
yet 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

sLored nutrients next to the forest" The P storage was higher

than at the forest sit,e" Slnce 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 lkenne bush could have favoured

a higher nutrj-ent storage at Onne" The type of fallow plant

species and the efficiency of nutrient recovery by their root.s

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 fa1lows, 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 influercing nutrient storage when the typical fallows

were compared with the forest faIlow" In 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 decornposing residues. Therefore,

the nutrient storase in the fall-ows while being reasonable

as a Source Of nutrients can be predisposed to leaching loss

which may limit lts effectiveness"

It ls concluded from the foregoing results that nutrient

storage L1ke the biomass yieLds'may be influenced by factors
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such as vegetatlonr raÍnfal.L and tine, but none of these

factors was domlnant" The extent of nutrient storage is
dependent on any or a comblnaLion of these. The short fallows

at lkenne and Onne had Iow nutrient storage indicating that

time was a strong factor influencing the magnitude of biomass

yields and of nutrient storage.

2 . 4 "3 Amo unÍ.¿ o { A,s h and Nutn-i¿nt Røco v Q-)Lrj .

The quantities of ash occurring after burning of the

fallow vegetations were low and independent of the biomass

yÍelds except at the forest site j-n ïbadan (Table 2.2).

Although the two fallows at Ibadan forest and Onne bush

produced the higher amounts of ash as well as hígher 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 sit,es " The smal-l

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 (A per cent) is in agreement with daÈa reported by NyIe

(L974) where compJ-ete burnJ.ng had occurred" Therefore, for

these short fallows, burning was as thorough as could be

expected," The lower proportion Q per cent) at the Ibadan

sltes may be an lndicatlon of lncomplete burning or the nature

of the material burned" Other f,actors such as rainfall, time
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etcu could also affect the resulting amounts of ash,

The nutrlent recovery In the ash was general).y 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

alt cases less than 50 per cent on the average" The nutrient

recovery in the Ïbadan 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 lkenne ash was

the poorest in terms of the overall nutrient recovery" The

Onne ash-nutrient recovery \ÁIas higher than that of the Ibadan

grass ash excepL for K and Mg which were higher in the ash at

the latter site" The N recoverv in the Onne ash was the

highest but its P content was comparable to that contained

in the forest ash. These varj-ations 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 snall as indicated by the above results" The

practice of burning may thus not be justified since the ash-

nutríents could not be expected t.o significantly alter the

fertility status of the fallow soll-s" HovÍever, the large

amounts of unburned resldues, undecomposed J-Ítter on the

fallow floor and the lntact roots of the faI1ow species are
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probably larger seurces of nutrlents 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 Tenyt¿¡ta"Í.u¡t¿l od Litt¿n and SoíL dun-íng taLLow Bunnín.g.

As indicated earlier, temperatures reached during bush

fallow burning were monitored only at the Onne sj-te. Measure-

ments vrere made at the litter-soil interface and at the 5 cm

soil depth" The observed trends (fig" 2"L) 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" fn all cases when a peak temperature hras

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 varÍable in comparison with those on the litter-soil
interface. They ranged from 28 to 82 C. The peak mean of

70 C lvas attalned within the flrst 15 mlnutes of burning.

As was the case with t.emperatures on the l-itter-soil- interface,
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the peak At each spot was followed by an lmmediate decl-ine"

It was al.so observed that where there was a considerable amount

of litter or heaps of f etl-ed wood, soiJ- 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 \Ázere attained at a depth of 5 cm of soi1" In one situa-

tion, a temperature of L62C 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 zorle 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 fiel-d

site where a crop trial was later established, the intense

heat associated with this kind of prolonged burning of logs

of felled hw.tl+onaÍ.a ma,cÍLoythqLLa 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 entlre field, The redder hues

and chancr,e in the texture suggested that onl-y in those isolated

spots could the prolonged effect of burning exert a signifi-

carrt impact on the soil" '
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In general, the temperatutres 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.

Probablyo t.his practice of burning does not influence the

properties of the surface soil or t.he root zone to any great

extent "

2 "4.5 Gn¿ønltou,sø Studiø's on th¿ NuÍ.níønt and Limø E{(øef.t
od Atlt.

Tn-ictL Iz 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 o K and MgZn, but only those due to N and P

were signifieant based on the means of the fertilizer treat-

ments.

The ash signlflcantly depressed the root dry matter

(Table 2.5) " Although al3- fertilizer elements improved the

root weightso oni-y the response to P was significant' The

depressive effect of the ash on the root yields at all
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TTTE trFEgI OF FERTII+IZER AFPLTCAFION T.IJTTI A}TD I^¡ITIIO{JT
FI.¡AÌ,IT ASH ON TI{E DRr IWITES, YIEIÐS OF y[\IzE cM^n{ ON
THE IKÐOTE ALF'ISOL"

Ferbilizer Treaürents
(Nutrient Combi¡rations)

lfo Ash Ash*

Ery'Pot o*
Fertilizer Treaürent }fea¡s

Control

PK

NK

NP

}JPK

NPKI4JZn

l{ai¡r Treaürcnt }þans

T.qÁ ln nqì /i I\v. v¿t \4/

f t't I

(iii)

BeLween ltl,ai¡r Tteatrnent means

Between Fertilizer means

Between Fertilizer treatrrents urder
one Mai¡ treatrrent

10" 1

trn

L3"2

13" I
L2"6

9"8

4.8

11" 3

11" 9

14. 0

15"0

10" 4

4"1

10"7

5"2

12"5

13. B

10"1

(0"8)

(1.6)

\¿. ¿)

(2"L)
(iv) Between Lf,aj¡r TreaûÞnt vields at the

sæne Fertilizer treatrrent

* Ash added 
=

JJF^^ .tracn Y].el-o

430 kgþa

is a mean of four replicates"
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ÏTE EIüECT OF FERTTT]XZER AFPLICATTCÐ{ WTTTI A}ID T.NTrÐUT
PLANT ASH OU TITE BOOT Dro }4AITTER OF Þ{AIZE Gqü'I CAÌ THE
ÏI(H{}E AXFÏSOL.

FertÍlizer TÏeatrrents No .Ash Ash

grìlpot
Fertilizer Tteaürent tleans

Control

PK

NK

NP

NPK

NPKlvlgZn

it4ai¡ Treaünent

6"6

trì oLV.J

7^o.u

9"4

oo

L0.2

Means B"B

4"0

10. 0

5"2

ö"¿

OA

9"6

77

5"3

1^ A

5"6

B"B

o?

oo

(1.1)

(1 q\

\¿"o)

(2.6)

Lsd (0. 0s) (i)

ll'ì |

/.i .: ..: \
\ I-L-L,I

Between Main treatrnent nÞans

Between Fertilizer neans

Between Fertilizer treaürents urder
one Mai¡r treatrrcnt

sane Fertilizer treaürent
(iv) Between l'lain treaünent yields at the
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fertllizer treatnents cannot be exp).alned"

Ratj.os of shoot,¡root lncreased significantly following

the addition of ash (Tab1e 2.6). This resuLt might be expected

because the root yields were significantly depressed by the

ash resulting in an increase in tire shoot/root ratios "

Responses to N and P were significant as was the case with

the rJ.ry matter yields of the plant tops. There was a negative

response to K, but like the favourable response to MgZn, 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 clecreased (rable 2-7) "

The ash alone (check) significantly increased K concentration,

but, at the same time, Câ and Mg concentrations were signifi-

cantly decreased. The asir 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 el-ements except Mg but had no

effect. on P concentration in the pJ-ant. The effect of added

P in increasing dry matter yields may have caused the dilution

of the other eJ-ements except M9, There \^tere only slight ef-

fects of the other added elements on each otherrs concentrations
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T[ü ETFEffi OT FERiTMZffi. APPIJCATTCT.I \fITIT ANÐ IfITTTOUI
prÄlflr AsH oIü uu sttoot'lRogf RÂTros oF ¡{ArzE GRg^t}r c[Í THE
IKH\I'TE AT.iFISQL.

I'ertilizer Treaürents No Ash Ash Ferbilizer Treatrrent t4eans

Control

PK

NK

NP

NPK

NPIOSZn

iihi¡r Treatfrent lt4eans

Lsd

0. 73

0 "94

O. BB

r"44

1" 36

I"27

1" 10

1" 20

1" 13

1" 1r

1" 4B

1" 50

1" 34

0.96

1. 03

0 "99

r- 4b

1" 43

L"45

L.22

0"13

0"25

0" 35

(0"05) (i) Between l.lai¡ treatrnent means

(ii) Between Fertilizer npans

(iii) Between Fertilizer treat=rents urder
one l4ai¡r treat=nent

(iv) eeL\,veen l4,ai¡r treatrnents at tlre
sane Fertilizer treaünerrt
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TABËE 2 "7 TTE ffirugI OF A-SH A}ID FEFTILIZER APPLTCATICD{ CDT !{L]TRIM.üI
CCN]MiT OF T{AIZE.

It{ai¡r Treaü¡ents Farf-i 1iz.ar
Tïeatrrents

K
9o

P Ca l{g Zn ¡1n
ppm

No Ash

Plant Ash

Control
PK
NK
NP
NPK
NPÏ{VlgZN

ÞÍeans

Control
PK
NK
NP
NPK
ltrPI{SZn

l4eans

Lsd (0"05)

1" 50 0" 16
2" BB 0.14
3"16 0"13
2 "89 0. 16
2.75 0" 13
2.75 0"13

2.66 0.14

r"97 I"r4
2"59 0.60
4.69 0.94
O. BB O. BB

2.L6 0" 68
2"L9 0.74

2"4L 0"83

135
105
I75
130
135
l.25

134

37 115
2L 95
40 160
27 1I5
¿O IU5
36 105

31 116

1. 3B
0. 68
0. B3

r"22
0"84
0. B5

0 "97

39
20
42
27
27
40

33

r"97
3.22
J.LJ

3"40
3. 06
2"77

2"92

(i) .37
(ii) 

" 30
(iii) "43(iv) 

" 53

0.16 2"47
0" 15 2"56
0" 13 4"35
0" 16 1" 00
0. 14 2.L3
0 " 14 2"r3
0" l_5 2.44

.U¿ . JU

"02 .31
"u¿ "++rì? Erl. VJ õ JV

0" Bt r"22
nqq ô74
0. B0 0 "770.80 1.11
0.71 0" 89
0"61 0"85

0.72 0.94

" 05 "r4
"07 .05
" 10 "07
"11 "15

L79
316
523
523

(i) Between Main treat¡rent means

(ii) Between Fertilizer IIEans

(iii) Between Fertilizer treatrnents irnder
one l4ai¡ treaürent

(iv) Between l4ai-n treatnents at the
sane FerL.ilizer treatnent
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The addltion of ash had no significant effect on the

total uptake of any of the nutrients evaluated (tabte 2"8).

The recovery of these nutrlents ln the ash has been shown

earlier to be small, and thls 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 p1ant. For example, in spite

of :l mg N/pot from the ash, there was an increase of 45 mg

Nr/pot as a result of the addition of ash" This was an increase

of about I7 per cent. Sínce 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/poL and

the increase in P uptake due to the ash was very smaII"

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-fertilízer when ash was added (IBZ) 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 stightly higher

(20 mg X/pot). Therefore, more than the ash-K was recovered

in the pLant tops" The ash probabJ-y increased the uptake of

K by directly increaslng the suppl-y of K to the soil or

improved K uptake by indirectly influencing the yields of

the dry matter. In the check dreatment, there was an increase
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TABIiE 2 " B THE trFEsI OF ASH AllD FE$II{IZEB, åPPLICATION c['T TOTAL
M]T-+-RI.ÐTT' TJPTAI€ IN }1ATZE"

Main Treaürents Fertii-izer
Treatnents

NP Ca l4q ZnK
ng/pt

l{rt
Vg/WL

No Ash

Plant Ash

Control
PK
NK
NP
NPK

NPKIþZn

ìlaenc

77
292
158
378
359
?44

267

Control 93
PK 363
NK 170
IüP 4I2
NPK 429
MioþZn 404

Iþans 3l.2

Lsd (0"0s) (i) 53
li-i) 59
\!¿/ J.

(iii) 83
(iv) 9I

I7B 627
198 L047
zLL 877
Jf,5 JbJI
J¿+f, l_ / ou
497 ]-567

¿Y I I¿5I

L74 552
237 1057
2L6 887
313 1343
3s4 L460
537 L574

305 1146

42 I79
42 l-74
60 241
67 283

t7 91
14 255
6 235

21 114
I7 2BT
16 273

'1 A
-LT

ö

T7
7

19
20
20

15

LL1 39
286 65
234 43
118 92
296 100
318 91

228 72

25 11
29 72
4T 17
44 18

49
60
47

116
BB

Y5

76

64
75
42

161
109
107

93

J
3
A

=

58
87
4Z

133
l-25
L2T

94

2I
6

22
¿ó

(i) Betv',een Maj-n treatnrent means

(iÍ) Bebueen Fertilizer Í€ans
(iii) Between Fertilizer treatnents r:r-rder

one l4ai"n treatnent
(iv) Between l4ain treatrrentg at the

sane Ferbi]..j-zer treaürent'
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of 26 mg Klpcitdue to the ash" This was greater than the ash-K

contribution, This increased K uptake ln the pJ-ants was not

followed by any dilution ln K concentration (Tabl-e 2"7) "

ThereÍore, the addition of the ash had probably a direct

effect on K uptake" The sl-íght. improvement in the recovery

of applied K when ash was added índicates 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 \¡lere quite small and had

no effect on the recovery of these elements" Similarly, the

Zn and Mn contributions (44I and 1200 mg/poL respectively)

v¡ere sma|l" The addition of ash did not improve the uptake

of the two elements. The addition of L2"5 mg Zn/pot did not

improve Zn uptake probably because the plants already had a

high Zn content.

Fertitizer 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-

fertllizer 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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Tníø"L Tlt The dry matter yields of the maize were

increased when ash and lime were added but only the increase

due to the l-ime was significant as shown by the mean yields

of the main treatments (Tabl-e 2"9) " There were no significant

yield differences between the ash and the lime. On the Onne

soil used in this study, there were favourable responses to

N, Po 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 v¡ere negative, they were not statis-

tically significant"

In seven of the eight fertitizer treatments, dry matter

yields were higher where ash was added than where ít was not

but only the yield differences due to Zn and I4gZn 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-

yields atthough not significantly different" Therefore,

since the lime was only slightly better than the ash, probably,

the strong acid used ín determining the lime equivalent might

have dissolved materials which the soiL coul-d. not in a few

weeks of the study"

The slgnificant Yield

conslstent for alL three maln

response to P reported above was

treatments buL that observed for
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[Tm mFEgI 0F ASHT HrDBATEÐ LIS4E ûlÐ Æ\rD FETILIZER
APPLIqäTION O}tr TTIE DRY î{AMER YIEI;D OT'MATZE GgÐü ON
THE OMTE ULTTSOL"

NuLrient Conbinations
(Nc)

Ash Lirre (Iil,)*
gn/Po¡**

lJut¡i-ent
CcrrbinationIlo Ãsh

Control

PK

NK

NP

NPK

NPIo4g

NPIün

NPIûIgZn

llai¡r treatrnent fiEans

Lsd (0.05) (i)

(ii)

(iii)

I 'l \¡ I

Between ltlai¡r treatrrent neans

Between Fertilizer rrpans

3"4

r0"9

g1

10"1

12"0
ql

q1

8"5

L<

10. 3

5"4
oo

11. B

12"7

11" B

11" 6

o7

¿,4

LI.2
6"2
uu

1,3"2
'r? a

L2"2

tl" 9

10. 4

A'

10"8

5"4

9"6

Ll-"7

L2"B

11" 0

rn o

o^

r"6

Between Fertilizer treatrrents u¡uier
one Mai¡r treaünent 2"6

Between l4ai¡l treaür€nt vields at the
same Fertilizer treatrrent 2.2

-* Ljne added = 418 Kg/Tn (equivalent to ljme j¡ ash)** Each yield is a nean of tlree replicates
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K occurred onl.y when t,he soil was llmed" Therefore, it is

probabLe that linring by increasing the dry mat'ter yields

caused a response to K. Hence, K may become necessary for

dry matter production when the Onne Ui-tisol 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 (Tabl-e 2"10)" The difference in the N uptake

did not d.iffer between the ash and the lime indicating that

the lime effects of ash and hydrated lime were comparable but

the N-supplying potentiat 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

yietds " Nitrosen 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 llme was signlflcant among the main

treatments (Table 2.11). There'was no difference between the
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TTE FF'FECT OF' AFH, Tf{DRATÐ
CD{ TTIE TOTAL TIPIAIG OF N BY

T{I}E AND FEroILIZER APPLICATIOI']
!4ATZE GRq^N{ ON TFm ONNE I.ILTISOL"

Iüutrient @mbinations
(NC)

No Ash Ash
n'q N/pot

Lime (Iil,)
Nutrient

Combination

Control

PK

NK

NP

NPK

}{PK,{g

NPKZn

NPI@Zn

}dain treaünent means

116

2l.4

r79

334

336

409

342

325

282

L45

246

240

376

469

459

459

475

358

lBr
23lt
)O/1

¿r¿L

532

534

470

445

?9(ì

I47

230

¿5ö

377

446

467

4¿+

4L5

343

Lsd (0.05) (i) Between ¡4ai¡r treaürent neans

(ii) Set\^/een Fertilizer nleans

(iii) Between Fertilizer treaürents
one Mai¡r treat=rent

(iv) eetween }4ain treatnents at the
sane Fertilizer treatrrent

4B

3B

under
65

77
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TT{E EFFEtr OF ASH¡ LI}fr A}rD FERTTI_.,IZER APPLICATTO}Ì
OI{ TtrIAL P I]PTAKE.

IJutrient Corr.rbi¡,ations No Ash Plant Ash Hydrated Ljme
Tcq P/pL

Nutrient Combination
¡leans

Control
PK

NK

NP

NPK

NPi{q

NPKZn

NPKlvIgZn

I{eans

Lsd (0.05)

¿+

x

25

23

27

2T

23

20

11

23

10

25

25

)e,

¿9

28

22

11

25

11

29

33

JZ

32

27

25

10

¿LT

10

27

29

27

¿o

22

(i) Between lt4ai¡r treaünent r€ans

(ii) Between Fertilizer means

(iii) Between Fertilizer treatnents
one ¡{ai¡r treatrnent

(iv) Between l.{ai¡l treatments at the
sarne f'ertilizer treatrnent

under
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a-sh and Lime in respect of P uptake* The ash contriþuted

13 mg P/pot and this resuJ"t,ed in an lncrease of onl-y 4 mg P/pot

(check). The overall increase of P uptake in the trial (main

treatments) associated with ash was even l-ower (2 mg Przpot) "

Therefore, the ash nelther 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 rkenne soil "

The superiority of the lime over the ash was associated with

the effect of the former on the drv 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" In 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 fertilízer. 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 u 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 fertil-izer 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 Llme was appLied but there was no slgniflcant difference
between the ash and the lÍme as shown by the main treatment

differences (Table 2.L2) . The ash-K contrlbution of 45 mg K/poL

resulted in a recovery of 22 mg K/pot or 492 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 tÌre 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 rel-ated to the effect of ash on

the yields " Although the addition of ash increased K uptake

Inore than did liming, the utilization of fertilizer K was

comparable between the ash and lime. Thereforeo 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 ee-

sulting increases in the uptake were 6 and 3I mg Ca/poL

respectively. These results suggest that although t.he

effect of ash on ca nutrition was smallu the percentage

utilization of ca was similar between the ash and the rime.

The d.ry matter yields determined the trends of ca uptake in
the plants"
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THE EFFEffi oF AFII' LIIfr A¡Ð FERTILIZER APPLICS\TION
OJI TOI'AL K IIPT.AIG"

Nutrient Conbi¡ntions No Ash Plant Ash Ë$drated Line
ntg K/pot

Nutrient Combinatlon
lbans

Control
PK

NK

NP

NPK

NPKI"lg

NPKZn

NPKIþZn

Mea¡s

Lsd (0"05)

113

311

191

I47
¿)4

¿YJ

265

248

¿¿ó

I-Jf,

330

2L7

L66

33s

318

312

332

268

I¿+

28I

265

150

326

322

319

318

263

l-24

307

224

JU5

311

299

299

253

(i) Between lb'j¡r treatment rnea¡s

(ii) Between Fertilizer neans

(iii) Betveen Fertilizer treatÍÞnts
one Mai¡r treatîent

(iv) eetween }h.in treatnænts at tlre
sane Fertilizer treatnrent

under

20

31

53

53
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TTiE ffiIECT OF ASHf LII\E AtiD trEmILIzER, AFPLTCATTCÐ,Ï
CD{ ÎCrIAL Ca UHrAi<E

Nutri-ent Cornlcination No Ash Plant Ash
ng Calpot

Hydrated Lirre lJutrient Ccnrbination
It4eans

Control
PK

t'lK

NP

}üPK

NPKqg

NPKZn

NPI04gZn

t'EaÞ

Lsd (0.0s) (i)

19

72

22

BO

73

79

73

1/1

62

22

Ió

J+

82

79

78

99

t+

ou

45

108

50

110

L]-2

107

Ll.2

102

93

29

B6

35

91

BB

BB

95

B3

'l t1TA

tì i ì

/.:.:.: \
\¿¿J_,1

Between lulain treatnent fiÞans

Between Fertil-izer nteans

Between Ferbilizer treat¡rents i¡rder
one l4ai¡ treaürent

11

L2

20

22

(iv) eet:v'reen Mai¡ treatrnents at the
sa¡re Fertilizer treatrnent
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Magneslurq uptake fncreased slgniflcantly as a result
of the addition of ash and Ilme, but there was no signj_ficant

difference between the means due to both treatments as in-
dicated by the main treatment means (Tabl_e 2.L4) . 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 smal1 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 significantry increased the uptake

of Mg and the recovery of the Mg from its fertil-izer was nor.

improved by addition of ash.

The uptake of zn increased significantly following the

addi-tion of ash and lime, but the difference in the uptake

between the ash and lime was not significant (table 2"I5).
Despite the significant effect of ash on Zn uptake, the

recovery of the Zn from the ash (595 mg Zn/poi-) was small
(only L2 mg zn/pot). Arthough some of the zn from the ash

may have been used, the Zn uptake \^ras signif icant only when

Zn was applied as fertirízer. onry 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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T¡.8 m.fne¡ 0F ASHI I,Bfr AðrD FffiI'II¡IZffi, AFpL¡çy¡16¡q
CÐ{ TCrIAL ]lg UFTÄIG"

Nutri-ent Ccimbinations ¡üo Ash Plant A.sh Hydrated Line' mg/lqg/wt
Nutrient Ccnùinatlon. It4eans

ConLrol

PK

NK

NP

NPK

NPK\49

NPIün

MI{vIgZn

lÁa:nc

(0.05)

L4

22

15

2B

25

37

20

32

24

L7

28

2L

5¿!.

30

42

36
lla+z

31

20

28

22

36

36

52

37

45

35

T7

¿o

19

33

30

44

31

40

30

!cd (i) Between lfain treatrr€nt rreans

(ii) Between Fertilizer neans

(iii) Between Fertilizer treatments
one l'{a.i¡r treaünent

(iv) Betr¿een }4aín treatnentS at the
sane Fertll.izer treatnrent

wrder
10

10
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ftE mFEgI OF ASH. LIîfr A¡{D FEK|ILIZER f\FPtIcA[ICÐ{
ON TCIAI, Zn UEYIAKE"

Nutrient Ccrnbinations No Ash Plant Ash Hydrated Lìrre
pg Zn/pt

Itutrient Ccrnbir¡ation
l{eans

l-nn'l-rn'l.vv¿¡4v+

rr\

NK

NP

NPK

NPï049

NPKZn

NPKl4gZn

Means

204

391

256

505

s43

534

755

IY¿

498

216

420

41ô

515

677

630

1113

1006

623

284

+or

450

636

682

736

94L

1101

66r

235

424

372

5s2

634

633

936

966

594

I.sd (0" 05) (i)

(ii)
/.:.:.: \
\ IJ-I,I

(iv)

Betweerr }4ai¡l treaürent npans

BeLlveen Fertilizer ÍEans

Betvueen Fertilizer treatrnents under
one l.bi¡ treaürent

Between Main treatrrents at thre
sane Fertilizer treatnent

.65

116

20r

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.

Tnia[ IIT: 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 1j-me applied to the soil by mixing"

The ash significantly increased dry matter yields when

either IL26 kg/ha of ash was broadcast or when 2252 kg/ha

of the ash was mixed (Tab1e 2.L6) " 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 t.he 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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TTTE ffiTEgT OF FS4CIN.TS ANÐ T'ETITCDS OF PIAffi'M.TI OF ASH

A}TD TryÐRAIÐ LSE ON TIIE DFY MAMER, YIEI,DS OF }4?TTZE

GRCfrN{ ON TI{E O}INE ITLTISOL"

Anx¡r:nt of Ash
or .Lii¡ne

kg/ha

Placerrent lþthod iulatter Yields

gm/poto

Control

563 (Ash)

5bJ (.¿\Sn'

Ll26 (Ash)

IL26 (Ash)

2252 (Ash)

250 (Lirne)

500 (Lin€)

1000 (Iftre)

2000 (Lin€)

Broadcast

l4ixed

Broadcast

l4ixed

l4ixed

l4i><ed

l4ixed

I[ixed

Mû<ed

LV"Z

7"8

10. I

9"1

L0 "7

9.0

qR

10"s

9"7

Lsd (0.05) Betweerr two yield n€ans 1Q

* ¡4ean of fow replicates
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those of the check" At comparabLe l.evels and methods of
placement, the ylelds due to the l-ime were higher than those

due to the ash except at the 2000 kg/ha rate when yields due

to the ash were slight3-y 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 Lrends" Although

the ash appeared to increase N uptake, there were no significant
differences among the treatments (rabre 2"l-7) " Broadcasting

resulted in a higher N uptake than mixing but the difference
was not significant"

Liming at 500 kq/ha significantly increased the N uptake

but the differences among lime treatments were not significant.
A't 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 sioni f ir:ant'lv hiohor

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 rel-ated to the placement

method" For example, broadcasting the smarlest l-evel of ash

did not result in a signíficantly higher uptake of p by maize

than broadcasting l-126 kE/lna," However, mixing the smallesL

level of ash (563 kg/h.a) resulted in a significantly lower p

uptake than mixing the LL26 kg/ha of, ash. Mixlng the smatlest

level of ash also resulted ln a.significantly lower p uptake
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TTIE EF'FECT OF' Aô4]Ì.DruE zu{D ¡IETTIODS OF PIÅCM4STI OF' ASH A'\D
HIÐRATÐ LIT4E CNT TEE TINRTE}TT T]PTATG BY I,Ï\TZE Grcr"A'T ON TT{E

ONIG I.]LTÏSOL"

nor:nt of Ash
or Li¡re

I\V/,rta

Placsent l,þÛIod Nutrient Lþtake
KcaIE

nqlpt
N ¡ift

vYl Yvv

Control

sø¡ (Ash)

563 (Ash)

LL26 (Ash

LL26 (Ash)

22s2 (Ash)

250 (Line)

500 (Lime)

1000 (Line)

¿000 (Li-ræ)

Broadcast

lt,fi><ed

Broadcast

Mù{ed

Prixed

l'{ixed

Mixed

I4ixed

t4i)<ed

810 3980

700 4220

740 4230

690 4350

790 4310

910 4BB0

870 4420

970 4190

9s0 3870

920 2390

268

¿ó¿

254

302

284

302

286

3r6

306

300

L9

2L

15

22

I8

¿v

L7

1B

')rì

1B

252

5¿¿

311

51+ 5

343

L+Z¿

¿óz

303

300

JUJ

51

+o

^a

48

53

5B

o¿

74

B6

103

35

37

51

45

56

44

49

58

54

,sd (0"05) Between tv¡o t-ptake neans

under each nutrient 1/145 2r0 770
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than wlth the check" Slmllarly, nixing 1126 kg/ha of ash

caused a slgnificantLy lower P uptake than broadcasting the

same leve1 of ash. These results conflrm that broadcasting

the ash r,cas slgnificantLy better than mixíng with regard to

P uptake"

Liming had no significant effect on the uptake of P

although increasing the lime 1eve1s 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 l-ime 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 up't--ake of K 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 leveIs of 500 to 2000 kg/ha

\¡¡ere significantly better than the check" There vrere no sig-

nificant differences in K uptake among the lime treatments"

The effect of the lime on K uptake may be related to the

yieS-ds" At comparable levels and methods of placement, the

K uptake was higher wlth ash thãn wlth Iime. Both l-000 and
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2000 kg/ha J.evels of ash caused a significantly higher K

uptake than did the l-ime" Thls resul-t confirms that the ash

may have contributed some of its K content towards the

nutrition of the maize.

The ash had no signlficant effect on the uptake of Ca"

As the level of lime increased, the uptake of Ca increased but

only the lime level-s of 500 to 2000 kg/ha were significantly

better than the check" The utilization of Cao hota/ever, 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

AI saturation on the Onne acid soil"

The uptake of Mg increased significantly as the levels

of ash increased indicating that the ash also contribut.ed some

of its Mg content. Broadcasting the ash was significantly

better than mixing when either 563 or LI26 kg/ha of ash was

added..

Liming also increased Mg uptake significantly. As the

level of lime increased up to 1000 kg/lna, 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 leve1, both the lime

and ash were slmilar vüith respeet to the uptake of Mg.
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The uptake of Zn was not significantly affected either

by ash or by i.Irne" The uptake of Zn was comparabl-e among all

ten treatments" Adding ash lncreased Mn uptake but only with

the 2252 kg/ha level was the increase significant" The method

of placement had no effect on Mn upÈake" 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

declj¡re obtained whren2000 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 decliire at

higher leveIs 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 Th¿ Eddøc.t,s o( addød A,sh and ? dnom KH,P), on Í.hø P

Conc¿nttta.tion¿ ín SoíL SctL-ution. L n

Varying levels of ash from the Onne site were incubated

with surface soiL samples from Onne which had been phosphated

with KH^PO,. This was done in order to obtain -ì-nformation on¿t+

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 KIITPO^ following

incubation with 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 kgllna resulted ln an apparent decrease in the adsorption
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of P from KH2PO4 [Fig" 2"3)" Although the patterns of

adsorpt.ion were variabl-e probably due to the complex nature

of the ash, yet. all leveIs 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 d.id not produce a marked change

in the amount of P in solution. However, when comparable

amounts of P from KH2PO4 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 KH2PO4-P ranged from four to ten times more than that

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 $/as 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 " IncreasÍng

the amount of ash increased the pH of the equilibrium solution

(ri-g" 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 leve1s 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 Çansequence of the variablllty in the adsorption

patterns reported earlierr calcu].ations of the conventional

adsorption maxima and bonding energles 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 shorved 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 Ul-tisol with known hiqh P adsorption characteristics.
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2.5 Surrunary and Conclusions '

Fall-ow prirnary 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 fertllity 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 \^/ere 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 fallow 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 yíeld.s

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 tor

cultivation reduced the ar,rount of residues and thús provided

a clean seedbed.. Burning also added inorganic nutrients in

the form of ash but the quantities of the ash that resulted

were generaily small and lndependent of the fallow dry matter

yields. The srnal-J. amounts of asf, coufd 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 yiel-ds and nutrient storage could also influence

the amounts of ash"

The recovery of each major el-ement (as ash) in the

preburn fal1ow material was smalI and in all cases below 50%"

There was no close relationship between the nutrient storage

in the fallow and the recovery in Lhe 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 soi:rces of nutrients which could considerably augment

the effect of ash and so enhance the fertility of the soils.

Temperatures attained during burning \dere monitored at

the litter-soil interface, and at the 5 cmsoil depth. Results

indicate that temperature lncreases were variable and of short

duration but temperatures up to'570 and 70 C were n'onitored at thesr:rface
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and the 5 Çn depthr reqpectlvely, Actual tenperatures

attained and the duration for which they continued was found

to depend on factors such as the amount and type of slashed

vegetatlon.

The effect of heat per se during the type of burning

practised in the arear oD 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 fel-led logs \^rere feft to

burn for over 24 hours"

Greenhouse and laboratory studies assessed the effec-

tiveness of ash samples r âs 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

smal.J.er.

Increasing the levels of.ash over the amount obtained
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at the Onne site improved the dry natter yieLd of maize when

those leveIs were broadcast rather than mlxed with the soi1"

The uptake of nutrlents improved ln a slmil-ar manner suggesting

that the ash coul,d directly contribute its mineral- contents

such as K and Mg in partlcular towards the nutrition of maize

but the amounts of these elements were still small" Higher

levels of ash can only be obt.ained by concenLrated 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) 2"2120 , as a lime

source. This suggests that the method used to determine the

amount of lime to use overesti¡nated the lime equi-valent of the ash"

On both Ikenne and Onne soils used in these studies,

there were responses to applied major el-ements especially N,

P and K. The strongest response was to P and indicated that
P was p-robably the most limiting element on both scils. The

non-significant responses to the other elements suggest that
their requirements were ej-ther 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 POn source such as KH2POA. Extending the time of

reaction of the ash in the soil as was done in the greenhouse

did not improve the avaiLablllty of P from the ash. However,

the ash at all J.eveJ-s reduced the adsorption of P from the

inorganic POn" Such a reduction may help to decrease the
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fixation of fertil,izer-P ln high P-fixlng soiLs as the onne

Ul-tisoL 
"

Liming the Onne soii- uP to 1000 k7/ha increased dry

matter yiel-ds of maize and improved mineral uptake probably as

a resul-t 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 ís 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

satisfv the need to lower A1 saturation to non-toxic levels"



Chapter 3: Effect of SolI Pre-heating

Chemical Properties of Soil-s and

on some Physical and

Maize Performance

aa Introduction and Literature Review"

The use of fire in the manasement of natural ecosvstems

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 fiel-d

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 (wistrita ØÍ. aL.

1970) " These in turn, could influence t'he fer'-ility of the

soils "

The physical changes wrought by soil heating are those

of texture, strueture, water-holding capacity etc" Bouyoucos

(L924) , 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

¿t a"1," (L970), Sertsu and Sanchez (i-978). Critical temperatures

at which cert.ain physical attributes may be altered have also
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been obserVed, Bouyoucos (L924) found that the heat of
wetting, unf,ree water and plastlcity began to change appreciably

at about 230 Ct reduced signlficantly at 485 C and were

destroyed completel-y above 800 C. Rao and Wadahawan (1955)

showed that the l-iquid and plastic l-imits as werl as prasticity
indcx decreased progressively up to 360 C while the soil becomes

non-plastlc above this temperature. Heyward (1938) report.ed

that organic matter charring within the soil begins in the

temperature range of I77 - 204 C. Nishit"a Q-t aL" (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 "

Kel1y 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" Ke1ly (1914) and Gustafson (rg22)

observed that certain soluble constituents may not continue

to increase up Lo 250 C and in fact found a gradual dis-
appearance of nitrate between 200 - 250 C " Nishita et 0,.L.

(L970) found that heat had variable effect.s on pH which

d.ecreased at 200 C but increased at higher temperatures"

Organic matter content decreased with increasing temperatures

above 200 C but was not completeJ-y oxidized until- about 800 C"

Total N content was related to the organic matter content since

N is a component of soil organii matter. A Jower temperature of
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soil. heating increased inorganic N, Sertsu and Sanchez (1978).

Sreenivasan and Aurangabadkar (1940), Rotini øt a"L,

(1963) reported a progressive decrease of catj-on exchanqe

capacity with increas j-ng temperature,

These are assoclated with changes in organic matter, particle

size distrlbutlon and dehydration of cJ-ay colloids and gels"

Sertsu and Sanchez (1978) reported increases in availablê P,

Fe and Mn at lower temperatures. Kang and Sajjapongse (in

press) obtained similar results and reporÈed 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 ¿l aL" (1970) found that the extractabili-
ties of K and Ca remained fairly constant to about 300 or 400 C

and then decreased with increasing temperatures. The extrac-

tability of Mg decreased when the soj-I was heated to 100 C,

but increased at 600 C. In general therefore, heating a soil

to very high temperatures may be detrimental to its fertility.

Nishita øt. aL. (1970) reported reduction in bean growth

in soils heated to hicth temperatures. Kang and Saj jai?ongse

(in press) showed plairt 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 No P and K addition" Further-

more, Nishita e.t aL" (i970) found that Ca up'b.ake decreased

with increaslng soil- temperature as did Ca extractability" T'l:e

uptake of Mg did not agree with the amount extractable suggestj.ng
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the presence of other factors suçh as conplementary ion

relationshlps" The uptake of K was found to increase follow-

ing heatlng of solls 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 particl-es at high temperatures" The uptake of P and

Zn was tittle affected at lower temperatures but increased

when the temperatures increased" Nishita e.t. ,J-I" (1970) ,

observed increased Mn uptake following heating of soil-s 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 oxid.ation 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 Nigeriar êfl understanding of the direct affect of

soil heating on soil properties is vital" In addition, the

indirect influence of t.he 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 fertilLzer appli-

cation on crop performance on heated soils.
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3 
" 
3 Materlals and Methods

3"3.1 Sq,í"L Heaftíng a"r,d Ana,Lqaø's

Two surface soil- sampl-es (0-1.5 cm) from lkenne (oxtc

Pa.leusta1f) derived from metamorphic ígneous basement complex

rocks and Onne (Typic Paleudul-t) derived from tertiarlz anrl.

quarternary sediments were chosen for the heating experi,ment"

These two soils were chosen because of the phvsical and

chemical differences between them"

Exyteziment I. Effect of Heating on some properties

of Ikenne anri. Onne Soils,

The collected samples \^lere air dried and sieved through

a 2mm sieve" Three hundred (300) gm triplicate samples were

heated at t.emperatures of 60 and 100 C in the oven and at

200î 400 and 600 C in a muffle furnace" At each temperature'

three t.imes of heating, namely, 6, 12 and 24 hours were used.

At the end of each time interval, samples $rere 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 Bouyoucors hydrometer

method "

(iii) SoiL pH (l-;1, soil-;water) using a Beckmann ZerontaLic

ñfJ môl-ôFv¡¡ ¡rrv 9v¡ a

(iv) AvaiLable P by the Bray I¡P method.
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(v) Qrganie Çarbon (%) hy Walkley and Black merhod,

(vi) NH**N by the reguS.ar Kjeldaht steam dlstlLlation method;

N03-N by the brucine m.ethod of Grewellng and peech.

(vii) Exchangeable A1 (in Onne soiL) by extraction with TN KCI

and titraticn of the l-eachate with Na0H.

(viii) Extractable cations (Ca, Mg, K and Un) " These were ex-

tracted with rN NHnOAc at pH 7.0 and ca o Mg and Mn determined

by atomic absorption while K r^¡as estimated by a flame photo-

meter"

(ix) Micronutrients (zno Fe and Mn) " These v/ere extracted

with 0.1 NHC1 and determined by atomic absorption.

Exytznímønt. lI.

Batches of the Onne acid soil were passed through a 2mm

sieve and then heated in porcerain dishes at temperatures of
100, 200 and 600c for six hours until sufficient quantities
were obtained for a plant growth experiment" These temperature

leve1s were the main treatments. Subtreatments consisted of
fertilizer combinations of check, NPKCaI& Zn S; pK Ca Mg Zn S;

NK CaMg ZnS; NP CaMg ZnS; NPKMgZn S: NPK CaZnS ¡ NpK CaMg S

and NPK Calrrg Zn. The experimental desjgn v/as a split-plot
of three replications, These elements rvere added from a mixture

of thelr sal"t.s as considered appropriate for each treatment"

Nltrogen at l-00 ppm was added as NH4H2PO4 and NH*NOT;

P at 100ppm as NH4H2PO4 and NaHrPO4; K at 50 ppm as KCI;

Ca and Mg at 20 pprn each as CaCLr'and MgCL1 respectively;
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Zn at, 2o5 pPrft as ZnSOn and ZnEDTAiand S at 10 Ppm as ZnSOn

and NarS0n. The Çgrfeat amounts of the salts were mixed with

the soiL (s0Ogrn//pot). The soit was watered to fiel-d capacity

and then incubated for four days" Flve 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 scil surface, washed, dried

and weighed for the dry matter vields. The oven-dried sam-

ples (65 C) were digested in HlIor-HCIo4 acid mixture and

assayed for nutrient concentration and total uptake by methods

described elsewhere in this thesis.
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Resu].ts and Dj.scussion

Ed{ect od hea"íÌng on thø ¿oíL ptLU^íca".L plLopønti¿¿

(a) SoiL CoLon¡ Heatlng the soils to i-00 C did not cause

any vislble coLor change but heating to 200 C resulted in a

substantial darkening of the two soils (Tab1e 3"1). The

change of color at 200 C was an indication tirat some organic

matter charring had begun as suggest.ed by Helrç¿v'¿ (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 ¿t a".L" (1970) " The color changes at high temperatures

were at.tributed to the loss of organic carbon and to changes

in the oxidation and hydration states of Fe and probabty

Mn compounds (Nishita Lt a.L" 1970; Sertsu and Sanchez, I97B) "

(b) Pa"ntícL¿ Siz¿ Di,sÍ.nibuÍ.ion: There \,vere no appreciable

changes in the particle size distribution when the two soils
were heated up to 200C for 6-24 hours (tables 3"2 and 3"3).

When the soils were heated to 400 and 600 C, Lhe sand content

increased in both soils; the silt content decreased only in
the lkenne soil but was unaffected in the Onne soil" At the

high temperatures, the clay fraction in both soils declined"

Similar results were obt,ained by Bouyoucos (L924) i Sreenivasan

and Auranga.badkar (1,940) ; Rao and I,ladhawan (L955) ; RotÍni

el a,L" (1963) i Nishita ¿t aL" (l-970) and Sertsu and Sanchez
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TABIE 3.2 TÍ{E E-FECT O¡,TI,IE A¡Ð TBPERAruM OF.HE¡{IING ON TÍ{E PARI'IGE
SIZE DISTRIBLIITOIì OF IßB']IE SL]R'.ACE SOIL (0'J-5 cxn) 

"

Tenperature
(ç/

Duration of heating
(hrs)

Particle Size
90

Sand Silt CIay

6

5

'7

5

6

L2

24

B2

B3

B1

B3

19

T2

12

T2

n0ntf

100

200

60

7

9

1

9

9

3

3

3

3

3

3

10

10

10

10

12

T2

X<

öJ

BI

6

L2

24

79

79

79

95

95

95

95

95

95

6

L2

z+

6

12

24

6

L2

24

400

600

* Rocrn TsrErcrature (27 C)
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TAEI,E 3. 3 {TE ffTEgT M TUfl åTID TW\FERATruBE OF TTEATn{G CÐ{ T5TE PAMICLE

SIZE DISTRTBI.]TTON OF CD{I.]E SI]BFAG SOIL (0.15 Crn) 
"

Tsrperature
'(c)

Duration of heating
(hrs)

Particle Size
9o

Sand Silt ClaY

6

À

2

A

Iö

L7

L7

L7

76

79

BI

79

6

T2

il,0r1

60

L7

17

19

6

6

6

4

4

2

t4

2

6

7't

'71

75

79

79

B1

95

95

93

o

L2

24

6

t2

24

6

L2

24

6

1)

24

L7

I7

L7

1

3

L

200

100

400

I

3

1

6

2

6

93

95

Y5

600
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(t978) " The destructlon qf the poil crganic matter at hiqh

temperat,ures caus,^d an increa,se in the aggregation of fine

particS-es j.nto sand-size f ractl,ons. Nj.sh-ita et a.{-" (f 970)

refer::ed to this effect as a cal-cination process in which

oxides of iron and alumino-sillcates play a very active part

3"4"2 E(døet od lnectÍ.íng on thø 'soíX- ch¿micaL prLop¿tLtiel

(a) Soi,L pH: In both soils, heating at temperatures of

up to 200 C d.id not result in any marked change on soil pH.

However, when the soils were heated at 100C for L2 hours,

the pH of the Onne soil- dropped by about 0"4 unit (rig" 3"f)"

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 dld not cause a further pH increase

in the Ikenne or a further decline in the Onne soil"

The pll changes which occurred at high temperatures

could have been due to the oxldation of certain elements
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coupled with the exposure of new surf,aces and with colJ.oidal-

dehydration" The formation of acld organic compounds due to

a protolytlc effect of heat on soiLs was postul-ated in

l-iterature cited by Laura (L974) to cause a decl-ine in soil
pH" In contrast, it is probable that the formation of oxides

of certain cations, occlusion of AI 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) Exehang¿a,bL¿ AX- and TotctL Acídítq: These parameters

\¡rere measured only in the Onne soil which had appreciable

levels of exchangeable 41" The exchangeable AI 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 A1 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 (Fiq.

3"2b)" When the soil was heated at I00C for L2 and 24

hours, respectivelyo the total acidity declined progressively,

as compared to that of the soil heated at 60 C for 6 hours "

There was / in general o a pronounced decline in both ex-

changeabl-e A1 and total acidity at temperatures of 400 and

600 C for all periods of heating" Heating the Onne acid soil

at. high temperatures wouLd appeab useful in terms of the
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reductian of the total acidùty of the soiLu Probably, the

formation of oxJ.des of some catlons andlor the occl-uslon of

AI in some complex compounds was responsible for the reduction"

(c) )nganie Canbon l"øl: 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 d, could be due to experimental error.
When the soils vTere heated at 200 C, t'he ciecline 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 afi:er heating at 200 C must be

due to the destruction of soil organic matter (He1'ward, 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 earlierr ftây have been facilitated by the

destruction of organic matter and other colioidal materials

in the soil at high temperatures.

(d) Tnonganic 
^/ 

(NH4-N and lr/Or-N)r Heating the two soils

at L00 C and less for 6, 12 and 24 hours had no pronounced

effect on NH*-N (nig. 3.3) " However, heating at 200 C caused

an increase 1n the extractability of NH4-N which was slightl-y

hlgher in the Onne soil than in the Ikenne soil. The duration

of heating at 200 C had no effeet on the NH^-N content of the
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onne soil br¡t the extractabiLity of NII*-N decreased during 24

hours of heating ln lkenne soil" The increased extractability
of NH4-N in both soil-s was due to the breakdown of the organic

matter at 200 C. Sertsu and Sanchez (1978 ) oirtained a similar

result and postul-ated that there was a release of NH,-N which

was retained at exchange sl-tes. While such a retention could

have occurred, the results of the study being discussed,

appeared to indicate a very low NH^-N retention" In consider-

ation of the relationship between C and N in soíls, high

temperatures could cause a considerable loss of NH*-N by

volatilization. Debano ef a"L" (1979) , Biederbeck øÍ. aL" (1980) ,

reported an increase in NH*-N due to soil heating" The increase

r,,ras attributed by these authors to a protolytic effect as

suggested in literature cited by Laura (I974) in which NH4-N

was postulated to be formed from organJ-c nitrogenous compounds

in soils through chemical reactions caused by heating"

Heating at 400 and 600 C resulted in a complete l-oss

of extractable NH4-N. This indicates that high temperatures

caused a complete volatilization of the NH4-N" Heating had

no effect on the No.-N contents of either sample (tab1e 3.4)"

(4) Avo"íLabL¿ ? (ßna.U I-Pl z Heating up to 100 c had little

effect on the available P of either soil (Table 3"5) " Heating

to 200 C resulted in increases in the available P. Sertsu

and Sanchez (1979), Kang and Sajjapongse (in press) observed

a similar increase in the avail-abi-e P content due to heating.
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TABLE 3 " 4 TTE ffiI'Egr OF', TD,E AlüD T$€ERruITJÂE OF', I{EATLNG CN TTIE N0.*1tr
CANIENII OF IKENNE ANÐ ONNE SIlSFAffi SOII"S (0-l-5 cm) 

"

Soil Tenperature of Heating (C) Tjrre of Heating (hrs)
61224

me /100 g

Ikenne

Orure

C.ontrol

60

100

200

400

600

0"35

0"35

0. 18

U. 5J

0"53

0. 3s

0. 18

rì ?q

0"18

0"18

0"70

u"t_ö

0" 53

0"18

0" 35

0. 35

0"3s

0"18

0"18

0"35

0. s3

0"18

0. 35

n la

0"53

0"18

0"35

u. lõ

Control

60

100

200

400

600
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TABI.E 3.5 TTTE trFECT. OF TTT@ AND TB@EBATUìE OF HEATIT\TG O]'] AVATI.ABLE P
IN IIW,tlE AltD OIOÌE SUFFACE SOII*S (0-L5 crn) 

"

Soil Tenperatr:re of Heati-ng (C) Tjme of Heatj¡rg (hrs)
6l'2

ppn
r0r z4

Ikenne

ûnne

Control

bU

r00

200

400

600

@ntro1

60

100

200

400

600

5

6

53

4Z

39

5

6

59

A1
=I

37

6

6

5t

40

/11

56

s3

59

B9

37

25

45

+t

94

31

4¿

47

49

9L

47

+o
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The Latter also found t,hat organlc P decLined" The marked

rise 1n availabl,e P at 200 c Ln þoth soils was due to organic

matter decomposition at this temperatüre. The levels extracted

àt this temperature were probably related to the initial P

content of the soil-s. The Onne soil- which had a higher initial

P also had a higher available P at 200 C than the lkenne 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 hiqh temperatures"

(f ) Exchctng¿abL¿ Catíon¿: Ca Heating the Ikenne soil

at 60 C for aII times of heating decreased the exchangeable

Ca contents (rig" 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 I00 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 exchanqeable

Ca in the Onne soil. There was a similar decline of the

exchangeabLe Ca in the Ïkenne soil at 600 C and this decline

was more rapid than in the Onne soil" These results show
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no consistent trends" They dlffer from the results of Nishita

øt a.L" (1970) r Kang and SaJJapongse (j-n press) ' l'¡ho found

pronounced reductions of Ca and Mg with heating at 200 C"

The reason for this difference is not, known but it could be

rel-ated to the differences in the parent materials and the

solubility states of the Ca-containing comoounds 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.

Magne.tíum: The effect of heating on exchangeable ttlg jn

the Ikenne soil was similar to that on exchangeable Ca" Ho\^/ever,

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 l.fg 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

nright inf J"uence the soJ-ubil.ity and extractaþility of the cations.
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?çÍ"aaa,t-unt Heatlng the soils tlP to 200 c d1d not affect

the exchangeable K/ al-Èhough it appeared that the initiat K in

the soils was high (fable 3"6) " This high inlt.ial K content

may haVe been an error of estlmation. For the ]kenne soi1,

heating at 400 C had no effect but there was a slight decrease

in exchangeable K content at 600 C. HeatÍng the Onne soil at

400 C resulted in an increase in exchangeable K but at 600 C,

the exchangeable K declined to the original leveIs " 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) Ava.íLa-bLø Mícnonut.ni¿ntt: Tinc. Heating the soils at

200C had no effect on available Zn extracted by 0"lN HCl"

Heating at 400 C increased the available Zn in Ikenne especially

for LZ hours where a peak was reached (Table 3"7)" A similar

effect was observed in the Onne soil but the highest amount

\Á/as extracted at 400 C for 6 hours of heating" !{hiIe heating

at 600C caused a decline in available Zn in lkenne soil, there

was no effect in t.he Onne soil" Heating appeared to increase

the solubility of Zn containing compounds and hence, increased

the extractabiLity of the ZYt" This effect may Vary with soils

depending on the content of the Zn compounds as well as their

sol,uþIl-1ties" Sertsu and Sanchez' (1978 )r reported that heating
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TABLE 3 " 6 THE EFTEtr OF TII\E A}ID TÐ,FffiAfr]FE OF TTE.ATTNG CD{ .AÃAIIABTE K

TN TKMìNE åND CÐil{E SUryAG SOILS (0.15 CTN) 
"

Soil Terperature of Heating (C) Tjrre of Heating (hrs)
61224

ne K/100 g

Ikenne

&'me

Control

OU

100

200

400

600

0"17

0"10

0" 09

0" 09

0" 09

0"09

0" 04

0"08

0" 0B

0. 09

0.17

0. 0B

Control

60

l_00

200

400

600

0" 09 0.09

0 " 10 0.10

0.09 0"10

0"11 0"11

0.05 0" 05

0"09 0"08

0" 09 0" 09

0"09 0"10

0" 19 0. 19

0" 07 0.08
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TABI.E 3 "7 TTE EFTEST OF TT]@ AND TM'TPEBATUBE QF' TMATING ON lIE ACID
(0"1N Hcl,) Ð{IEACI'ABLE Zn IN II@'i}{E Ait]D ONNE SURFACE (0-l-5 cnr)

SOÏI*S 
"

Scil Tenperature of Heating (C) Duration of Heati¡g (hrs)
r.0 t 6l'2

nm 7n

aÁ¿.*

fkenne

Orure

Control

60

100

200

400

600

L" ¿4

0.76

L"28

L"32

1" 56

]-" BB

1 /1 
^

l-"u+

0" B0

0.96

L"92

1" 56

I"2B

1" 6B

2.L6

r"32

0 "76

u" tz

0"84

r"64

1. s6

r.36

L"24

L"44

L"72

L"32

0 "72

0"80

0"84

L.72

r"44

Control

60

100

200

400

600
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did not infJ.uence the extractabitity of Zn and Cr¡.

Manga,nz.ÃQ-t The exchangeabJ-e Mn in Ikenne soil decreased

when the soil was heated at 60 C (Taþle 3.8). Heating at I00

and 200 c caused pronounced increases in the exchangeabre Mn

in this soil" The increase was greater at 200 than at 100C"

Heating at 400 and 600 C resulted in a decrease in exchangeable

Iln 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 lvln in

this soil. Hordever, there was a noticeable decline in the

Mn leve1 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 l4n in both soils

at 200 C resembled the trend shown for lIHn-N inclicating that

the breakdown of organic matter at that temperature also

af fected the exchanseabl-e }fn Ievels.

'l¡ton: At 60 C and 6 hours of heating, the extractable

Fe in the Ikenne soil increased tv¡o-fold but was not affected

by heating for 12 and 24 hours (table 3" 9) " Heating at I00 C

increased the extractable Fe in the lkenne soil and time of

heating had no effect. Heating at 60 and 100 C increased the

Fe extractable from the Onne Soil and prolongjng the heat-

ing tine increased the extracted amounts of Fe. In both soils,

heating to 2CA | 400 and 600 C markedly increased the extractable

Fe. The red coJ.or hues described earl-ier must be related to
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TABLE 3 " B $M EftTEgI' OF TI}'E åND TMæEBATUFE OF' HEATING CÐq fiU
EIilFåCI'ABLE l&r IN IIGIIE AI\D ONI.ïE SURFAffi SOILS (0-15 crn) "

Soil TÞnperatri:re of Heatj¡g (C) Dr.¡ration of Heating (hrs)
r0, 6 L2 24

ne/L00 g

Ikerrrre

CIrne

Control-

60

100

200

400

600

0"02

0"40

0" 84

0"06

0"04

0 "02

0"02

0" 04

0"04

0 "02

0" 02

u -.r+

0 "79

nnq

U" U4

0"02

0" 02

0. 04

0"03

0.02

0"02

u"¿*o

NR?

0. 05

0. 03

U"U¿

v"v¿

0" 04

0"02

0 "02

0"08

Control

OU

100

200

400

600

0.02
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TAFrfr 3.g -THE ffi"FECI'OF TII,E AI\TD T$€EBAT{JFE OF'IEATÐTG cD{ ltIE ACID
(0"1N HcI) ÐgTBAcIAFtE Fe in IKENIE AIID OMÏE SUFFACE (0-15 cfn)

SOTIS"

.Soil .Terperature of Heating (C) Dr:ration of Heating (hrs)
fOf 6 12 24

p¡xn Fe

Ikenne

Orure

Control

60

100

200

400

600

Control

60

100

200

400

600

51

B

6

5B

91

159

61

64

13I

158

.'\A Az++

=

52

135

r61

o¿

70

135

L62

207

+

7

54

LLz

L7T

o¿

77

I.Jö

r43

186
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these elevated, Levels of extractabl.e Fe and to the hydration

and oxldation states of the ion " In sor-ne 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 follov¡s the destruction"

The redder hues of the Onne soi1, probably, reflected either
a greater dehydration or a greater increase in t.he Fe content

of the soil at high temperatures.

3"4"3 TLt¿ øddøct od Soí[- ltøat.ing on naíz¿ grLou)th, dna ma"tf.¿n
ytnoduction a.nd mín¿ncLL nuf.nílíon.

(a) PL-a"nt HøLglnt¿: Heating the soil at 100 C did not have

any effect on the height of unfertilized plants at the 2nd,

3rd, and 4th weeksof 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 but only the depres-
,:'þlí"i ':' ' ì

sion at the 2nd week was significant (Appbndix tables). Heating at 600 C

also resul-ted jrr thre depression of plant height" The reductj-on 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 heights at each temperature J-evel and at all stages of

growth" ,As was the case wlth unfertiLized plants, heating the
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soil" at, 100 C did not cause any detrimental. effect on the height

of fertiLized plants. Heatlng at 200 C depressed the height of

fertil-ized plants and the depression ruas significant at the

3rd and 4th weeks of growth. The height of plants growing

on soil heated at 200 C vras 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" I{hen the soil

\,vas heated at 600 C, height of fertilized plants was increased

in the 2nd week¡ âs 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. In

the 3rd rueek, plants growing on soil heated at 600 C \^/ere

talIer than those grorving 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 growtho flo element appeared

to particularly limit plant heights but without l{, K and Ca,

plant heights were similar to the heights of those growing

on unfertilized soil (App. 3"1) " In contrast, wi-thout P, Mg,

Zn and S, plant heights were similar to the heights of those

growing on soil fertilized with all nutrients" In the third

rveek, plants receiving al-l fertilizer treatments were sig-

nificantLv talLer than those of. the check or those without
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t{, P or ca (App" 3"2)u In the fourt,h

was obtaLned but the effect of Ca was

heights were not affected when Mg, Zn

week¿ â simiJ.ar trend

interrnedlate, PLant

or S was not applied"

(b) ?nq !r4øl.tøn ?toductionc 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 200C (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) MLn¿na-L nutn-ítíon; NLtnogøn. The concentration of

ltr in the plants differed significantly among the ternperature

treatment means (Fig" 3.6a and App" 3"5)" The trends showed

that l{ content at 200> 100> check> 600 C. The low I{ content

at 600 C lvas due to the loss of virtually all of the N clue to

high ternperature. Heating at 200 C resulted in a significantly

higher N concentration than at any other temperature. This

rvas probably rel"ated to the poor plant growth at that tempera-

ture" Therefore, N content in the p3-ant at this temperature



z È òe I

z. I F
- Ø o o_ o () t- z. U
J E [-

'f
z.

o

o.
?

(o
) oN

o
o+ A

_
F

er
t 

ili
z 

er
F

er
til

iz
e 

r
N

o.
o

z.

}l

? o o Q
'r 5 ]J )t F (L f t-
- z. tJ E F l z. ) t- o F
-

(c
 )

40

o

4
C

I_

o

2.
5

?.
o

ro
o 

20
0

\\\
 

\r
\\\

 
\ \

)t I I I

F
ig

. 
3.

6 
Jl

ffe
ct

 
of

 
so

il 
Ile

at
in

g 
an

cl
 P

er
til

iz
er

 
A

pp
lic

at
Ío

n
on

 P
er

 c
en

t 
N

ut
rie

nt
 

C
on

te
nt

 a
nd

 T
ot

al
 N

, 
P

, 
an

d
K

 U
P

ta
ke

o.
o 60 40 20

o
60

0 
to

o 
20

0

T
E

M
P

E
R

A
T

U
R

E
 
O

F
 H

E
A

T
IN

G
 (

C
)

I H N
)

t\) I

60
0



-L23-

was not due to ùncreased NH4-N extractabil.lty or retention

of the NH -N on the exchange comp].ex as postulated by Sertsu
4

and Sanchez (1978)" There was no evidence of this type of

retention in this investiqation"

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 drv 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) " i{itrogen and P application significantly

increased II uptake "

Pho¿ytlnonut: The concentration of P in the plant rvas

not significantly affected by heating at, l-00 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 heat.ing at 200 Cu the extractabilit¡¿ of P increased at

this temperature. Unlíke lIH4-¡f which could be volatilized,

some of the P may have been retained and taken up by the

plant at 200 C" Thís lncreased extractability could have

resulted in increased P content in the plant at this tempera-

ture. However, total uptake of P at 200 C (Fig. 3.6d and

App" 3"8) was J.ower than in the .check" Therefore, Èhe high P
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content in pl,ant at 200 C l^¡as more probabi.y due to decreased

dry matter t,han to lncreased avaiLaþLe soil" P" The adsorption

of P by t.his acid soll- may account for the generally 1ow

recovery of P ln this lnvestigation"

Other nutrients depressed the uptake of P but only the

depressj-on due to N and K was significant" The application

of P significantly increased P uptake.

Pota-¿,Siun: Neither the K content in the plant nor the

total uptake differed. significantly between plants growing on

soil heated at 100C and those on the check soil (Figs. 3"6 e

and f.¡ App" 3.9 and 3.10) " Based on the temperature means,

heatl-ng at 200 C significantly increased K concentration but

also significantly depressed total I( uptake. þihere 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

vras true also where no K was added" The uptalce of K r.¡hen

the soil was heated at 600 C \¡las significantly lower than the

uptake at check soil and at 100 C but comoarable to the upt.ake

at 200 C"

Nitrogen and P application significantly depressed the

K content and P also signlficantl-y increased total K uptake.

The application of I( significantly Íncreased K content ancl

uptake" There v¡as a cLose slmiLarity between the dry matter
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yield and, K uptake indícating that the uptake of, K was de*

pendent on the dr1' matter ylel"ds 
"

Ca,Lcium¡ The Ca content and uptake in the plant were

not significantly influenced by heating the soil to 100 C

(App. 3.11 and Fig" 3.7a) " T{hen the soil was heated at 200 Cu

there was a significant depression in Ca content and uptake'

based on the temperature treatment means" Therefore, Câ was tlte

only ei-erænt that was less v¡ith the low dry matter yield obtained

when the soil was heated at 200 C" Calcium \¡las thus a major

factor influencing the prod.uction of dry matter when the soil

\^ras heated at 200 C" The Ca conLent in the plant was signifi-

cantly increased when the soil rvas 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 betweert

200 and. 600 c v¡as significant (App" 3"12) "

The application of lT significantly increased Ca content

and uptake but P application had the opposite effect. The

d.epression of Ca content due to P was significant. The uptake

of Ca in check rvas similar to that l'üithout t{ or P" Probably'

Ca i-nfluenced 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 extractabiLlty of Ca from heated soil was not

related to the plant concentratlon of this eJ-ernent " For exam-

pIe, heat,ing the soiL at 1,00 C decreased Ca extractabiS-ity but
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t,he Ca content ln the ptant was not affected' I'{hiLe ca

extractabiLtty lncreasecl when t,he soil was heated at 200 C I

the plant Ca eontent decllned slgnifleantl-y 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"

Magnøaíum: The plant l4g 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 200C lowered total

l4g uptake and the decrease at 200 C r^/as significant" trühen

the soil was heated at 600 C, the uptake of l,1g was signifi-

cantly íncreased (App" 3"L4 and Fig. 3.7c). The increase

in I.,1g content and uptake at 600 C may probably be related

to the increased extractability of lfg at this high temperature"

Tine: Heating the soil at 100 or 200 C d'id not affect

the plant Zn content. I^trhen the soil was heated at 600 C, the

Zn content in the plant decreased significantly although the

extractability was increaséd 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 rnav haVe been an lnteraction betWeen P and Zrtu
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Suinnary and CqncLusion"

The dlrect effects of heating on the properties of Ïkenne

and Onne soils as \^¡el-l as crop response to fertilÍzer appli-ca-

tion on heated soii- were investigated in laboratory and green-

house conditions, respectively"

Heating the soils at ternperatures up to 200 C or less

did not influence the physical properties of the soiIs.
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

fa1Iow burning in the field depends on factors such as the

magnitud.e 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

sufficiently prolonged and intense as to effect dramatic

changes" The observations in the field. where burning or

heating vras prolonged and intense confirm the changes in soit
properties obtained at high laboratory temperatures. Such

changes occurred j-n isolated field spots and therefore, do

not prevail over a large cultivated area*

Heating the Onne soi1 at ternperatures of 200 and

600 C resul-ted in a signiflcant reductíon In plant growth,

dry matter productlon and mineral- uptake" The increase in



-L29-

the extfactabll.ity of some elements which occurred when the

soil was heated at 200 C rdas not reflected in lmproved plant

growth and nutrltion" The increases usuat-ly reported as

being due to bur-ning may be partly due to the effect of heat

but probably, it could be due more to biological mineralization

ìn rhe field orior 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'

Fertilizerapplicationimprovedplantgrowthandnutri-

tion but did not completely eliminate the detrimental effect

rrf haatino the soil at 2OO or 600 C. The strongest nutrient
v¿ ¿¡vs e!¡¡J

response was due to P although ca was the controlling factor

when the soil was heated at 200 C,

It 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 2oo c exert the opposite effects" FertiLizet

application improves the plant growth and performance but may

not completely eliminaLe the detrirnentat effect of heating at

high temperatures.



chapter 4: A comparison of Mulching and Burnfrg, ¡Tith and without

Fertil.izer Application on Crop Ferforrnance and Yields on

the Ikenne Alfisol- in Southwestern ìligeria"

4"I 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

U1tiso1s is noL regarded as a major problem on the Alfisols

because of low exchangeable A1 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). ltihen the

fallow vegetation is burned in preparation for cropping, volatile

elements such as N and S are lost v¡hile 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 fal.low þiomass, stored nutrients and those recovered as ash
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have decreased because the time of fallowlng has shortened.

As a result, the tradltional, method of slash and burn is no

J.onger considered an efficient system. Retention of plant

residues as mul-ch has been shown to improve crop yields

(Jack Øt &L, 1955i Jurion and Henry 1967; Ayanaba and Okigbo

(:-.97 4) . 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; L969) ¡ Kang (L912) ¡

and. Lal (1973¡ I974) confirm similar results" Many IITA studies

favour the retention of fallow and crop residues on Alfisols

because the remo.¡al of the residues have been shown to cause

rapid decline of soil organic matter and crop yields (IITA

Annual Reports, L972-I974) " Studies by Lal (1975, L979) showed

that the retention of residues as mulch (4-6 tons/ha) caused

an effective absorption of the im;oact 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, I976) indicated that the retention

of maize stgvers and Andropogon straw as mulches was helpful in

suppressing weed growth and increasing the yields of selected

crops "

Fertilizer responses have been wÍde1y reported on the

Alfisols in Southwestern Nigeria" Increases in crop yields

due to fertiLlzer appLication on this soil type were obtained

by Agboola (1968) î Ammon and Adètunji (f968 , L97 0 and 1973) i
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Fayeni (L966) ; Eredero &962) i AdetunJi and /\gboola (1973) .

Responses to i.{ and P were more frequently observed than to
K on the A1fisol 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 Ztt, applied with NPK"

ïncreases in crop yields due to fertilizer and mulch

application were obtained b1z Okigbo (1965 and 1969) but these

r'üere suggested to be confounded by the fertilizer and mulch

treatments used" Some workers in Southern Niqeria have sucr-

gested that some fallowing might still be necessary even with

an increase in fertilizer use in Southwestern Nigeria.

Amon (1965); Ammon and Adetunji (1968, L970 and I973) reported

that in a long terrn 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 yierd. Kang Q,t. ax. (Lg77)

suggested that the need to fallow may be elíminated on the

Alfisols with fertilizer application and a proper crop hus-

bandry and rotation" Such a system, as suggested by Kang,

can sustain soil fertil-ity and fairly high levels of crop
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yields on the mare fertil,e AlfiSol"s" The reason for the

differences of opinlons expressed aboVe may be the leve1 of

managernent involved in the stud.ies 
"

The burning of fal1ow residues mâY¡ for a long while,

remain a part of the agricultural system in Southern I'Tigeria'

As the decline in the fallow properties continues, there may

be little justification for burning the residues. This will

be particularly true since the nutríent 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 governrnent support for the use of fertilizers by the

local farmers to increase production needs to be supported by

appropriate studies, which wilt integrate fa1low managernent

and ferti!ízer 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 lkenne

Alfisol to (a) compare the effects of mulching and burning of

fallow residues on crop f ields and (b) evaluate crop re-

sponses to fertilizer LreaLments under either method of residue

management.
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4,2 Materíals and Methodç

The Ikenne site which was within the Experimental Station

qf the University of lfe, Nlgerla was seJ'ected and described

in J-ate Novemþer, L977 " DetalLs of the síte were given in

Çhapter 2 " The site was sLashed of the standing vegetation

in mid-Februery , !97 B uslng l-abour provlded by the loca1 people "

The residues were al-l-owed to d.ry through the remaining period

in Februaçy, 1978, Then, in early !4arch, the site was sub-

plotted using a spl-it-plot design in order to compare the

effects of two main treatments of (a) Mulching and (b) Burning

of the fal-Iow residues. Follorving the field lay-out, the plots

that \^¡ere 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 fertiLízer combinations

of check (no fertilizer); PK; NK; NP; NPK and NPKMgZn applied to

the first maize crop in L978" Prior to fertilizer application

j-n the mulched plots, the dry f a1low residues \^/ere re-slashed

and raked to a portion of the ptot in order to facilitate

fertil-izer application" The appropriate fertil-izer combinations

were thoroughly mixed, broadcast and worked into the top soil

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

the resldues of the mu],ched ptots \Â¡ere uniformly raked back

within the pl-ots -

Nitrogen was applled in two applicatlons i L50 kgl{/ha broad-

cast at p]-anting using Cal-clum ammonium nitrate ICa(UtlrNO")2]
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and 50 KgNlha vras side*dressed four weeks after planting

usinE Urea, Phosphorus, K, and Mg v¡ere applied at the rate
of 30 kgruha of each el-ement using Single superphosphate,

lfuriate of potash and hydrated Magnesium sulphate, respectively"

The zinc applied was at the rate of 5 kgzn/ha using Zínc

sequestrene.

Three seeds of maize (Cv tZpe) treated with Aldrex T

were planted on March 13, L97B a week after fertilizer appli-
cation in each hill using a spacing of lm x 30cm in plots

of 30 sq" netres" Two weeks l-ater, the plants were thinned

to one per hill giving a population of 33300 plants per

hectare "

0JQ-ed cctntno!-: preplanting weed control was achieved

by spraying with paraquat a day before planting" During the

growing season, weeds (predominantly EuytaÍ.onium odonatum ) were

either slashed or hoed as was required to maintain a clean
caaÄl-raA

The maize was harvested on June 27 o 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 anC later
sprayed with paraquat. On August 29, 1978, cowpea seeds

innoculated and treated v¡ith furadan were planted at a

spacing of lm 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 wit,h 60 kgNlha uslng Calcium ammonium

nitrate " Nitrogen v¡as added mainLy to ensure that N r.vas not

limiting" No other nutrient v¡as appl-fed to the cowpea and

weed.ing was carried on as previousl-y described for the maize

(p and K were not ad.ded to the cowpea Ín order to assess the

residual effects of the nutrients applied earlier in 1978)"

Harvesting of the covüpea 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 B, 1978" The pods were air-dried and Lhen shelled for seed

yields (14å moisture content). The stover was left on the soil
as mulch as r{as the case rvith the 1978 maize.

In early l4arch, L97 9 the weeds that had grown after the

cowpea, were slashed and the field was again prepared for maize"

The same fertilizer treatments as in J.978 were applied using

the same sources. On March 25, L979 maize (Cv TZ,B) was planted

using the same spacing as in L978. Harvesting was on July L6,

I979" Other management practices $/ere similar to t,hose used in

T978"

Cnop A¿¿er¿mønt,s and Ana.Lq,se.,s: For the two maize crops

in L97B and 19790 pl-ant samples were taken at the time of

thinning , for tissue dry matter and mineral contents. At

silkingo earleaf samples v¡ere similarly assessed. Stover and

grain yields (12å 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 Resu].ts and Dlscussion

4.3.1 ?nq Matten V,t¿Ld¿ o{1 llaLz¿ ø.nd MinenøX. Nutnition a.t Two
w¿¿l¿a a.dten P.Lanting (zt;lAP)

The plants in burned plots establlshed faster than those

in mul-ched plots based on field observations" The dry matter

yield of the plants at 2WAP did not differ significantly

betv¡een mulching and burning as shown by the means of the two

residue treatments (table 4"1) " However, the dry matter yields

due to mulching were consistently higher than those due to

burning at all fertilizer treatments "

The addition of NPI( significantly increased the dry

matter yields of the plants as compared with the check. The

responses due to lü and P were si-gnificant 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, Ko Ca, l4g 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 und.er mulching" The application of

N significantly increased the plant content of N and also

significant.ly 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 oi n based on nutrient means,
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TTU EFFECT OF' FEFfILIZER APPLTCAtrION AND FATJfi^T RES]ÐIJE
MA}dAffiI4E}i'Ï' O.I MATZE DRT MATIER Y]ET.iDS A3 N.Ð T{MKS AHTER
PLA¡]IITNG (ã,üAP) 

"

Fertilizer Tleatrrents Residue l4anagenent
Itulching Burning

-./^1 
^*rY¡ry lJrqjrL

Fertilizer l¡þans

Control

PK

NK

liP

NPK

NPï{SZn

Residue Managernent
(l¿ai¡ Treaürent) Ueans

L6d

7"9

9"2

l"4"7

13"9

16.4

11. B

5"3

a'7

6.3

9.4

10. B

qa

6"6

9"0

7"4

T2"I

1)4

13"1

10.1

(3"6)

(1. e)

(2"t¡

(4.3)

8.4

(0.05) (i) Between l.fain treatnent n€ans

(ii) Between Fertilizer means

(iii) Between Ferbilizer treaürents r¡nder
one l.{ain treatnent

(ív) Between l4ai¡ treatrrcnt yields at
the sane ferbilizer treaürent
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TTE trTEgI OF FERI'TIüZER ,APFLIçATTçD{ åO{D F,AIJ{X^T TESTDI]E
I&NA@"Ð,TT OIT THE i\Ítl'fRïENI CCbITE\ffS IN IIATZE AT T,{O I^Ìffi$
AFTER pIAltTINc (zV\nF) 

"

Tlreatnents
P,esidue Fertilizer
I4anagenent þplication

K
9o

Ca I4g Zn ¡4n

l4u1clr

Brrrn

Control
PK
NK
NP
}üPK

NPKtrgZn

.kans

Control
PK
NK
NP
NPK
NPl{vlgZn

r,sD (0.05)

3"62 0.30 3" 88
3. 65 0 "44 4"73
4"15 0"29 5.L4
4"68 0"44 3.80
4"76 0"44 5"46
4"45 0.43 4.87

4"22 0.39 4 "65

0" 57 0 "75
0" s5 0" 70
0"47 0" 61
0. 53 0 "740"42 0"61
0"48 0"64

0" 50 0.68

0.70 0.75
0" s8 0"70
0"56 0"57
0" 57 0.70
0"53 0"64
0 "47 0" 6r

0. s7 0.66

0"L2 0"16

0"10 0"r2

0.15 0"19

47 ]-20
42 113
49 139
4I L2O
42 I20
51 L24

45 l.23

42 154
39 143
40 191
40 L54
43 158
+a rbt

160

13

32

31

< h/l

3.92
141
J.=I

4"06
4"01
+"4 t

3"91

(i) 0" 38

(ii) 0.65

(iii) 0. 6e

0"23 3"16
0"37 4" 31
0"24 4.66
0" 34 3" 86
0. 33 4 "L90.32 5.05

0"31 4"2r

0"02 L"74

0" 04 1" 40

0.04 2"L0

+¿

1

I

9

(i) Between l4ain treatlent ilEans

(ii) Between Ferbil-izer treatnents under
one }{ai¡ treatnent

(iii) Betr¡¡een $4ai¡r treaürent concentrations
at the same Fertifizer treatnent
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TTTE trfEgI OF FBT'ILTZER APPI..,ICê-TICN.{ ON IIT]TRIEIqÍ' CCN]TE.fIS
AND TOT'AL TÍPTAKE TN }TATZE Aî ETrc f¡]ÐfiS .MTER PT.ATTIING (ã^IAP) .

TABIE 4 " 3

a) Fertilizer Treaünent

Control

PK

NK

T{P

NPK

l{PIÕ{gZn

Isd (0" 05)

b) Fertilizer TYeatrnent

Control

PK

NK

NP

NPK

NP$þZn

Lsd (0.05)

3"58

3.79

3" 81

4 "37

4.39

4"46

0.46

0 "27

0"41

0.27

0" 39

0. 39

0.38

0" 03

3 "52

q.")¿

4"90

?R?

4"83

4. Yõ

0. 9B

0"64

0"52

0"55

0. 4B

0"48

n7q

0. 70

ñtro

0.72

0"63

0" 63

Itutrient Contents
ft n^ lt^
^ 

\.ct t'Ã-1

z
Zn Mn

pFrn

45 L37

4L 128

45 165

4L I37

43 139

48 143

0" 07 0.09 22

235

335

287

532

543

588

93

18

37

20

49

49

51

9

.+ó

63

44

87

77

B3

t-3

Nutrient Uptal<e
Ca Mg

nqlp1ant

255 4L

415 46

377 38

473 65

601 58

610 62

189

Zn Mn

uglpfant

299 843

354 L]-32

337 II77

494 1585

520 L6B2

640 1B1B

101 296
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significanLly lncreased N and P contents fn the plant, The

pl-ant content of K was signlficantJ-y increased follorving K

application which síqnificantl-y reduced Ca and l4q

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 optimurn growth" The lack of sj-gnificant response to K may

be partly indicative of the adequacy of K" There was no sig-
nj-ficant effect of the addition of MgZn on the plant content

of Mg but it significantly increased the concentration of Zn

.i ^ +1^^ ^1 ^*!Il¡ LIIE |/.LClrt L o

The total uptake of nutrients aE 2I^TAP showed that mulching

\,vas better than burning" The uptake of N, P, Cã, Mg and Zn r,uas

significantly higher under mulching than under burning (rable

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 d.ilution of plant P content"

The application of IIPK result,ed in a significant increase

in the uptake of the elements but only the effects of I'J and P

components of the fert.ilizer were significant, based on the

means of the f ertilizer treatments (Tabl-e 4. 3b) . There was

no significant reduction in the uptake of Ca and Mg due to K"

Therefore, the reported effect of, K on plant contents of Ca
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TABIfi 4 " 4 TTE HFESI OF FEFTITIZER APPT-üCATION A\TD FATJS{ RESIDT,E
MAlfAGm,@\TI ON ffiE TOTAL I\TLTIRIH'TI IIPTAKE IN I\ßIZE TOPS ã^lAP"

Treatrrent
Residue
l,Ianagenent

Nutrient
Combi¡rations

PK îA l4.r

nqrzplant
Zn ¡41:t

. l^ ,/--'r ^-!FVil -vfrurL

Control
PK
NK
NP
NPK
IIPIO4gZn

tf^^*^

283
330
3s3
687
652
739

507

(i) rr2
(ii) r32

(iii) r2r

56
o+
51

109
B5

104

7B

¿1
47
25
65
61
7I

4B

37
51
35
52
57
4b

¿lo

186
340
22L
376
+54
436

332

337
452
435
5s3
756
730

544

LIJ
377
3r9
392
446
490

366

349

¿oö

4l-6

44
4L
40
77
59
11

56

372 890
383 1013
4L6 1160
604 l-770
579 1670
838 2060

532 1421

226 795
324 ]-250
257 1193
3E3 1399
460 1693
44r 1575

349 1318

r82 418

I43 418

2I9 553

Burn Control
PK
NK

NP

NPK
NPKI,þZn

l4eans

I"sd (0"05)

T2
5¿
15
33
36
31

27

1A

13

t_B

9

15

16

39

36
64
69
61

55

13

19

2T

s
!'.leeks after plantinq.

(i) Betl¡een Mai¡ treatrrent reans
(ii) Bet\,veen Fertilizer treabrents u:nder

one l4ai¡ t¡eatrent
(iii) Betl,reen Maln treatnent concentratlons

at tlre sanp Ferhllizer treaürent
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and l{g was not due t,o excegslve K Level" The depression of

Ca and Hg contents ln the pl,ant fol"Lowing K appLication rvas

probabl-y a resuLt of dllutlon.

From these results, N and P woui-d appear to be the two

most essential el-ements reguired on this Alfisol to ensure a

satisfactory early rnaize growth and mineral nutrition"

4"3"2 0nq matten qíøLd.t od Ea"nL¿a[ Sa"mytL-øt, NutnL¿nt Cctnt¿nt¿
a"nd Uytt ahz "

The dry matter yields of the earleaves of maize at

silking were not significantly d.ifferent 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 cornpared to the check but only the responses

due to lT and P were significant" The addition of I4gZn 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 lvere parti-

cularly true where they were not applied. The levels of Ca,

t4g, Zn and Mn seemed adequate by the same standard.

Based on the nutrient means (TaþIe 4.'7) n the plant hI cvontent

was not significantly affected by itl application which signi-
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TABLE 4 "5 TTIE ff- Fcl, QF' FEFfTilTZEF, Í\PPI]ICATION AND T.ATJ.ü^l MSIDUE
!4ANAGÐ,M.ff ON TTE DFY MAryIER YTELD OF }4AIZE EASI,EAT SAI4PLES"

Nutrient Ccrnbinations
Residue !4anagsrent
Mulching Burning

m/1 azÇ
Y¡ly +vs5

Nutrient
Co¡nbination }bans

Control

PK

NK

NP

NPK

NPI{þZn

Residue l{,anagerent }4eans

Lsd (0.05)

<x

4"r

A1

4"b

4"3

<)

/1 
^

3"8

Añ

AA

4"L

+"o

A'7

+"¿

(i) Between }4aj¡ treatnent fiEans (0'6)

(ii) Between Fert.ilizer means (0"4)

(iii) Between Ferbilizer treatÍÞnts under
one Maj¡ treaürent (0"5)

(iv) Between Mai¡r treaürent yields at
Lhe sane ferlilizer treatrent (0.7)
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TABLE 4 .6 TiE ü"FECI' OF FEFtrIilZER, APPLICÃIICI'{ å}{D FAI.I.OIV BESIDUB
T.{A,}Ê@,Mfl' O}T NUIRTMM CONIn'TIS TN T[fr EARIiEAF SAI\PIES"

Treaürent
Residue
l4anagen'ent

IJutrient
Ccrnbi¡rations

Zn lôiK
9o

N Ca ¡fg

!tulch

Burn

Control
PK
NK
r\r
NPK
NPItþZn

1Í¡ -* al"EAIÞ

Control
PK
NK
NP
NPK
llPIO4gZn

2"48 0"22 L"69
2"38 0.36 1" 90
2.37 0.19 L"76
2.6L 0"35 1"39
2.55 0" 3s 1. BB

2"70 0"33 I"64

2"52 0.30 1"71

2"36 0"28
2"33 0"33
2.62 0.28
2"s5 0" 33
2.6L 0.34
2"73 0"33

0" 48 0.5s
0.48 0"52
0"48 0" 53
0"68 0"79
0.61 0" 68
0" 63 0.68

0" 56 0" 63

1.88 0" 56 0.57 24
2"02 0" 52 0 " 54 20
1" 95 0" 55 0.57 24
1" 38 0" 65 0 "76 22
1.71 0.68 0 "72 2l
1. 81 0" 59 0" 65 22

L"79 0. 59 0 "64 22

0.35 0" 07 0.I2 I
0.37 0.10 0" lr B

0"47 0.II 0"15 4

26 s3
19 53
^- 

aÀ¿t o+
24 83
2L 75
24 79

24 68

56
53
75
B6
75
64

6B

L4

17

L7

Means 2"53 0"32

Lsd (0.05) (i) 0" 34 0" 04

(ii) 0.32 0"03

(iii) 0.43 0"0s

(i) Between l4ai¡ treatÍEnt rreans

(iÍ) Betr^een Fertilizer treat¡.ænts under
one Main treatrrent

(iii) Betv¡een l4aì,n treaürent cpncentrations
at the sarre Ferbilizer treaænt
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TÄBTJE 4.7 TTæ EFFEqX OF' FERI'TLTZER APPLTCATTON QN EASI,E¡\F'
' I\TUT.RrÐ{T CO¡,POSTTTON .

Fertilizer Tteaünent IfutrÍent Contents
K Ca }fg
z

Zn l4nPN

Control

PK

NK

NP

}TPK

NPI0þZn

2"42

2"36

2"50

2.58

2"58

2.72

0"25

0"35

u"¿¿r

0"34

n?q

n??

L"79

10Á

1" 86

1" 39

1. B0

L"73

0"52

rì qô

0.52

0 "67

0"65

0. 61

0"53

0"78

0.70

0 "67

25 55

20 53

26 70

23 85

2L 75

aa -a¿J t¿

Lsd (0.05) 0.23 0.02 0.26 0.07 0" 0B T2
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ficantLy increased Ca and Ng contentsu The contents of P| Ca

and t'tg increased significantl.y as a resuJ-t of P addition but

the Zn content was slgnificanti-y reduced" The addition of K

signíficantly 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 I4gZn on the plant concentration of the two elements"

However, P content in the plant was significantly reduced by

I[gZn application "

4.3.3 Gnain qíøLd,s; fh¿ nutni¿n.t conc¿nÍ.n-atLon and Í.ttt¿ Í.ota.L
nutn-iønt u,otalzø Ln th¿ gnctin.

The average grain yields of maize (4981 kg/hra) obtained

at the Ikenne site in the first year of bush fallow cultiva-

tion were comparabl-e with those reported by other IITA workers.

These yields indicate that with good management, high maize

yields can be obtained on this A1fisol" There \¡iere no signi-

ficant yield clifferences between mulching and burning of the

fallow residues (fable 4"8) " However, yields of maize due

to mulching were higher than those d.ue to burning at each

ferLiLizer treatment"

The addition of NPK significantly increased the grain

yields of maize as compared to the check. Responses to the

indÍviduat el-ements were not significant. The addition of

t4gZn in the first year resulted in a significant increase

ln the vields of maize. The vieLds obtained without fertilizer
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F'ESTIIilZER APPTTçp{|TON AND FAüLCT,"T MSTDIJE
!{âTZE ffiATN YIFJ,!-r AT II@íNE"

alFl

ON

lTutrient Ccnrbinations
Residue l'larageænt
ltulclr-ing Burning

1<g/ha
Nutrient

Csnbination Itba¡s

ConLrol-

PK

NK

NP

}JPK

¡pl{vþZn

+¿¿ó

5069

4939

5205

5327

5B3B

3706

4830

¿ióI¿

4I ¿U

3¿ t5

5824

JYO I

49s0

4876

4963

5301

5831

49BI

(83s)

(522)

(738 )

(1045)

I,sd (0.05)

Residue Manaqenent lvieans 5101 4861

(i) Betlveen Main treatnent n€ans

(ii) Betwæn FerLi-lizer neans

(iii) Between Fertilizer treatnents
one Main treatment

(iv) Between Maj¡r treatment yields
the same Fertilizer treatment
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apprlcation (3967 kg/ha) were as high as could be expecred

as compared with far¡ners yleLds on slrnilar bush fall-ow sites
(Moormann and Forbes-personal communication). such yierds

may j-nduce 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 apprication
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 (gable 4"9). The contents of N and p in the
grain \,{ere particularly Iow 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. rt seems

probable that N and. P were rimiting yields even where the two

elem-ents \^¡ere 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 upt.ake ín the grain was not significantllz
different between mulching and burning (table 4"11). The

addition of tipx significantly increased the uptake of the

elements except Cao as compared with the check (table 4"10b)"

The effects of the single erernents on the uptake of nutrients
in the grain were not significant except in the case of p where

P application significantly increased N uptake onl-y. The uptake

of nutrienLs in the stovers was r¡ot different between mulchinq
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TABi,E 4"9 TT{E ffFEgI OF EMruTZER APPLTqATTO{ AND FATTCfr{ RESIEIJE
MAÐ{A@,F$I' ON NLrIRTEATI CIF{POSTTICÐ{ OF ffATZE GBATN AT IKMTNE"

Tleaürent
Residue'
Itanagerent

Nutrient
Conbi¡rations

Zn
ptrn

K
z

PN Ca l\'ig

Mrfch Control
PK
NK
NP
NPK
NPl{vlgZn

ìÍ^^* ^t'Jar5

1. 58
thu

r"72
r"69
1" sB

1" 63

L"44
1.55
r.45
1" 65
1.61
1. 63

1" s6

0 "27 0.45
0.37 0"s6
0"17 0"33
0.33 0"48
0.35 0" 50
0" 34 0" 5r

0.31 0.47

u"¿t u"+4
0. 3s 0 "520"28 0"47
0" 35 0.53
0" 30 0" 4s
0" 34 0" s0

0"32 0.49

0"20
0"14
0"11
0"13
rì 1q

u"¿¿

0"16

0" 09
0"L2
0. 06
0"10
0 "I2
0" tl
U"IU

0"14 0" 0B
0" 18 0.11
0"14 0"10
0 " 20 0.L2
0"I0 0"10
0"15 0"11

0"1s 0"10

¿Y

31
22
¿6

29

28

Burn Control
PK
NK
NP
NPK
¡qpK¡SZn

l¡Iea¡s

r.sd (0" 05)

zo
¿ó
¿6
27
23
27

¿o

t'r I

(li)

(i) 0"09 0"0s

(ii) 0.18 0.r-0

Between }4ai¡ T¿"eaürent rreans

Beü¡Jeen Ferbilizer @næntratlons
rnder- one Main treatnent
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TABT.E 4 "LO TTü EFT'MT' OF FWTTi.IZEB. ÃPPI.ICATTCÐ{ ON NT]TRTBVI æ}TIm.]'I
A}TD UPTAI{E TN T'IATZE GRAJl.l"

a) Fertil-izer Treatrr€nt Nutrfent Content
PKCal4q í

z

1"sI 0"27 0"45

1.60 0" 36 0.54

1.50 0.23 0"40

L.69 0" 34 0" sl

1" 65 0"33 0"48

1.61 0.34 0"51

Lsd (0.05) 0"L2 0" 07 nd

b) Fertilizer Tteatrrent
K C-a tlq Zn

kg/71a Eqlha

18741I0

2786145
2064L20

258513s

2676140

30 11 6 l-65

Lsd (0"05)

Control

PK

NK

NP

NPK

NoKl4gZn

Control

PK

NK

NP

NPK

NPltvlgzn

0 "I7 0" 09

0.16 0 "r2

0" 13 0.08

0.17 0"11

0" 13 0"11

0"19 0"11

Zn
ppn

/á

JU

¿¿t

27

,t6

1ôZO

bU

79

I4

B3

BB

94

tl

11

1B

16

T7

1B

¿U

4
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TABTE A.LI itu ffiTFgI W mxLSzER APPLIffiTION A[llD FAI.lg"t BESIÐLIE
}fr}{AM{ENT CbT T{rIAI-.. NIIIRTÐ{T I.]PTAIG OF }AÏZE G3AÐ{ Æ $@.iI.IE,

Tleabrent
Residue
iwanagerent

Nutrient
Ccrnbinations

Zn
gn/ha

K
kglha

N n- ttÆ\-cl r'Á-J

M:lch

Burn

Control
PK
NK
NP
NPK
MKIvigZn

It4eans

12
19
1B
17
19
¿v

1B

53 10
75 L7
7T L4
77 16
85 16
95 20

75

15

11

15

20

9

13

19
29
16
¿J
27
JU

)A

66
83
76
B9
90
Y¿

B3

16
25
23
25
¿+
29

¿4

6

6

B

9

5
B
a

9
5
9

a

4
6

5
6
6

5

3
5
5
5
5
6

5

a
J-

2

2

2

130
160
110
140
160
170

Control
PK
NK
NP
NPK
NPKI{gZn

Mea¡s

Lsd (0.05) (i)
(ii)

(iii)
(iv)

16

90
130
130
130
]-20
160

L27

30

30

40

40

4

=

5

6

(i) Between Main t¡eatfrent. rreâns

(ii) Betr^¡een Ferbillzer means

(iii) Between Fertilizer treatrnents. rrnder
one $4ai¡ treatrrent

(iv) Betwee¡r }4aj¡ treatfnerìt yleJ.ds at
the sane FertiLlzer treatrrent.
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and burning (AFp. 4u3), Based on the sumnation of the uptake

values of nutrientç in t,he grain and stover, the recovery of

added nutrients can be cal-culated" The recovery of N and p

was low" Thls was particularly true of p.

The uptake of nutrients in the grain and stover und.er

check treatment was higher with mulching than v¡ith burning.

This advantage suggests that minerar nutrition of the maize

\eas better although not significantly hígher where the fallow
residues were used as mulch than where thev were burned.

4"3.4 DnU maÍ.tQ-rL qiø!-d's o( Cowytøa- índ¿x L¿avø¿ and th¿ nutní¿nt
cont¿nÍ.¿ ín Í.h¿ .L¿at'.

The means of the dry matter yields of cowpea index leaves

were the same under both the mul-ching and burning management

systems (Table 4 "L2) " 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 v¡as statistically significant. There was no significant

response to the residual effect of L[gZn"

Nutrient contents in the leaves diC. not differ betv¡een

the main Lreatments (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 elernents seemed adequate although l4n

trenzel- was high"

Residual effect of I.IPK resuS-ted in a siqnificant increase
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TABI¿E 4 "L2 TIU EFFEçI' OF fWTIflZS. APPT.TCÂTTON êÈ]D F'AIJûlt FESTDIJE
I4A¡.'B@IMro A'{ TTffi DRT T4AITER YTEIÐ OF CTX'PEA TNDÐ( IENfi¡qS.

Nutrient @nibations
Resldue }ÍanagsTìent.
Mr.rlchr-ing Burn:ing

gn/l..eaf
Nutrierrt

Ccrnbi¡ation l&ans

Control

PK

NK

NP

NPK

l@KMgZn

Residue }4anagenent }4eans

Lsd (0.05

0 "47

0.57

0.49

0. 63

0"61

0" 60

0. s6

0. 55

0. 56

0. 53

0 "57

0" 56

0"6r

0"56

urder

0.51

rì q7

n q]

0"60

nqq

0. 6r

0. 56

(0" 01)

(0. 07 )

(0.0e)

(0"14)

(i) Betr¡een }4ain treatrrent rneans

(ii) Between Fertilizer Íeans

(iii) Between Fertilizer treatnents
one Main treaürent

(iv) Between l4ain treatnent yieLds
the same Ferb.ilizer treatnent
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TABIE 4.13 THE ¡EEEÇT OF TBTITTZER APPLICATION AT{D FAIT.CfrI TSIDIJE
I,IA¡{AMMYT ON TTIE NI.IIRTÐiT CQ{TM.MS S.T Cq.ilPEA TNDÐ{ IEA\¡ES.

Treatrrent
Residue uutrient
l4arngenent Ccnrlcinations

r\
z

Ca ¡g Zn Mr:r

ppn

I&r1ch

Burn

Control
PK
NK
NP
IüPK
NPKIþZn

tt^ ^-^I'EdÞ

Control
PK
NK
NP
NPK
NP@Zn

t{eans

5. 0B 0 "235.19 0"34
5" 01 0 "264"96 0"28
4"99 0 "294"95 0"3r

5" 03 0.29

A 1/l

5" 03
4"92
5" 11
s"18
5"04

tr rìn

2.IB 1" 78
1.78 2 "022"02 7"74
1" 41 2"02
L"7L 1. BB

1. 59 2 "L3

0" 61

0 "62
0. B3
0"74
0"81

r"B7 0.68
1"81 0"73
1.7s 0"63
r"94 0. 85
2"04 0"85
2"03 0.82

1,91 0 "76

0"31 0"11

0.29 0.13

0"40 0"16

243 360
230 432
290 350
306 377
270 3BB
203 484

257 399

238 359
263 381
I74 331
29I 344
2TO 3BB
¿Iy 594

233 366

1.78 1"94 0 "72

Lsd (0.05) (i) 0"64

(ii) 0"46

(iii) 0. 7s

0"26 I"76
0"35 r"74
0"28 I"7B
0.35 r"45
u.J+ L"3¿
0" 35 r"74

0"32 L"67

0.04 0.Is
0. 05 0 "29
0.06 0 "29

49

IT4

113

oz

63

ó¿

(i) Between Mai¡ treatrrent fiÞans

(ii) Betwæn Fertilizer treaürents under
one Mai¡r treatrnent

(iii) getween Main treatnent concentrations
at ttre saÍp Fertllizer treatrrent
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in Leaf content.s of P and l4g but K was significantly reduced"

lleither residuaL N nor the suppLementaL l'l significantLy affected

concentrations of any element in the leaf (Table 4"L4a) but,

residual P signiflcantly increased the l-eaf contents of P, K,

Ca, Mg and Mn but had no slgnificant effect on N and Zn. Phos-

phorus Lherefore played a dominant role in the nutrition of

cov/pea at this stage of growth" There were no significant

responses due to resid.ual K or I[qZn.

4.3"5 Cowytøa" gna.Ln qLøLda and nuttciønt. contentt ín tl't¿ gnaín.

The yields of the covrpea 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" Resid.ual effect of MgZn on yield.s of co\^/pea was

not significant" Despite the lack of significant response

to nutrients, there was evidence that yields were higher as

a result of nutrient ad.dition to the previous crop. The

highest cov¡pea yields were obtained under mulching and with

residual ltrPK MgZn" This result was an indication that the

co\^ipea yield potent.ial- malz not have been reached, Probably,

greater residual fert.ilizer effeet coul-d result, Ín higher
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4"I4 TIIE lFmgl 0F FEKIII¡IZER APFLIChTION oN lirrIRIm\]"I æNTmrT
IN Cü^JPEA I-I.TDÐ( IE¡r\/ES .roID GRAIN.

a) fertilizer Treatrnent Nutrient Contents (IndueJ< I-eaves)

Control

PK

NK

ÌñI\.r

NPK

MKMgZn

Lsd (0"0s)

b) Fertilizer Treatîent

Control

PK

NK

ï\ïÞ

NPK

NPKIþZn

I.sd (0.05)

4"9L 0"25

5"11 0"35

4"97 0"27

5"04 0"32

5. 09 0 "32

5.00 0.33

0" 33 0.04

3.87

3"86

3. 91

3. 75

3"95

3. 91

0-25

0"32

0. 41

0"32

0.40

0"41

0"38

0,02

ppÎ

4t /h

44 23

46 25

45 27

44 27

46 23

K
z

r"97

1 '7G,

1" 90

1. 43

r"62

r"o/

0.19

Ca Mg Zn Mn
ppm

r" 83 0" 65 24r 360

L"92 0 " 73 24t 407

r"75 0" 63 232 34r

1" 98 0. 84 299 361

r"96 0 " B0 240 3BB

z"Lr 0 "82 zLL 439

0"2r 0.09 B0 4s

¡,il:rN

Itutrient Content (Grain)
KCaMgZn
'Õ

1.16 0" 02

1"18 0"02

1.19 0" 03

l" 13 0 "02

1" 16 0.02

1"16 0.02

0.22

0"23

v"¿¿

0"22

0"23

0"22

0.05 nd
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f'EFIILIZER APPLICATISN AI\ÏD FATJS{ SESIIXJE
CCfuFEA GRAD{ YTETD AT IKM{¡IE"

OF

ON

Nutrient Ccsrìbixations
Residue t4anagerent.
ltulchíng Burn:i-ng

kg/ha
Nutrie¡rt

Combinati-on t4eans

Control

PK

NK

NP

NPK

NPIIVIgZn

Residue t4anagercnt }þans

Lsd (0" 05)

972

1111

966

1112

I067

L276

1084

910

950

IOlB

980

L029

L022

985

urder

94L

1031

992

I046

l04B

LI49

r035

(128)

(165)

(233)

(244)

(i) Bettæen Mai-n treatrnent means

(ii) Between Fertilizer means

(iii) Between Ferbilizer treatnents
one Main treatnent

(iv) Between Main treatrrent yields
the sane Fertilizer treatnent
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ylelds" $uçh yields wouLd be dependent on higher lnitial
fertll"izer application which rnay not be econornlcall_y rewarding

to the subsistence farmer, even if the fertilizer nutrients
were readil-y available"

IJutrient contents in the grain did not vary significantly
between the residue management systems, From the responses

to residual fertiLizer, it rvas certain that without p applica-
tion in r97B, P concentration in cowpea grain was significantly
decreased (table 4"L4b and App " 4"4) "

4"3"6 ÐrLq ma-tÍ.¿n Ui¿.Ld¿ ct{ maizø and min¿na-L nutnitíon a-t
doun w¿¿l¿¿ a"dten p.Lantíng (4UAPl ín 197 9.

The dry rnatter yields of maize at this stage of growth

did not differ significantly between mulching and burning

treatments (Tabre 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.I7)" The plant contents of t{ and p

were low as compared to the l-evel-s considered adequate at

this stage of growth" The contents of K, Câ, Mg, Zn and Mn,

seemed adequate. The level- of P. in partÍcular, was critically
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TABT,E 4.L6 TfIE EFFE0I OF' FffiTI.TZER APFTICATIONT AND FALi.ff¡T RESIDIJE

I4A}Ê@4M.{I OTV THE DRT }44mffi, YIEIÐ oF' MAIZE TOPS 4Iü\P

AT TKM{NE"

ñrtrient @nbi¡ations
Besiô:e Managenent
ltutdring Burning

gny'plant
Nutrient

Cornbi¡ation ¡¡Iea¡s

Control

PK

NK

NP

NPK

NPl{vlgZn

Residue it4anagenent l4eans

Lsd (0" 05)

5.4

ó.¿

6"1

B"B

o?

B"B

7.9

5"3

6.3

on

ö.5

10" 1

É, /l

7.3

6"2

aq

qn

9,4

7"7

(1.8)

(r.6)

(2"2)

(2.6)

(i) Between M,ain treatnent n€ans

(ii) Bettreen Fertilizer n€ans

(iii) Between Ferbilizer treatrents uruler
one lh:i¡r treatfient

(iv) Betlueen Mai¡r treatrnent yíelds at
tl¡e sane Fertilizer treat¡ent
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TABT.E 4.T7 TTM EMFJSI OF FfffXTTZM. APPLTCÄMON å¡{D F'ATÍ-g.[ FESID{.IE
}M}&GM@\TI CI{ THE }]IIIRIB\TI COTVTM{TS Î'i }TATZE AT 4T,NP"

Treaürcnt
Residue Nutrient
Managerent OCI'nbi¡rations

Þ I{g Zn l,in
ptrxtì9o

Mu.]-ch

Burn

Control
PK
NK
NP
}üPK

NPïtr{gZn

Ivleans

Oontrol
PK
NK
NP
NPK
NPI@Zn

3"07 0"2L
3"I7 0"29
3.44 0.23
3"23 0"27
3"51 0"29
3" 34 0.27

3 "29 0 "26

J"LI
3"05
3 "4I
3. 13
2.82
3"26

3" 00 1" 10
4"48 1"19
4"10 1"16
4"38 0"78
4.53 1.18
4"57 1.09

4" 18 1" 08

0" 93
0. 89
0. 83
1" 11
1" 07
0" 83

0. 94

0 "23
0 "26
0.32

0" 95
0 "79
0.76
0" 56
0" 75
0.70

0"75

0"85
0"74
0" 70
0"75
0.7r
0"66

0.74

0"16

0"]s
U. ¿U

101
105
105
105
113
II3

L07

4

34

31

47 140
38 90
42 158
4I L28
43 135
47 116

l4eans 3 "L4

Lsd (0. 0s ) (i) 0. 35

(ii) 0. 43

(iii) 0" 51

0.24 2"56
0.28 4.I5
0"27 3"66
0.31 4"4L
0"28 4"74
0.34 4 "46

0"29 4"00

0" 03 1" 00

0" 04 0.98

0 " 04 L.32

43

4T
¡tf
4I
49
40
63

+t

T2

12

16

(i) 'Between l4ai¡ treatÍÊnt rreans

(ii) Beti¡een I'ertÍLizer treaünents urder
one Maj¡ treatrrent

(iii) Between }4aln treat¡ent æncentrations
at the sa¡e FerLilizer treatflecÌt
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low suggesting that F may har¡e þeen more tlmiting than N"

The plant contents of the elements werê not significantly
affected by the addition of the specific elements of the fer-
tilizer treatments (Tab1e 4.1-Ba) . l'Iutrient uptake in the

plant was not significantly different between the residue

management methods (Table 4"f9). The addition of liPK 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 " f8b) .

This was a confirmation that P was limiting at this stage of

plant growth in L979 "

4"3 "7 Dnq ma"tt¿n qLøLd,s od e.a.rLLQ-a"ve.L ctnd th¿ nufniønf cont¿nt¿
ín Í.1,tø .Løa{ ín 197I .

The d.ry matter yíelds of maize earl-eaf samples at silking,

like the yields of the plant dry matter at 4WAP, were not sig-

nificantly d.ifferent 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 l-eaves"

However, this response was significant only as a result of

mulching" The responses to N and P were similarly significant

only as a result of mul-ching. The application of MgZn had no

significant effect. on the dry matter of the leaves.

Nut.rient contents in the l-eaf did not vary significantly

between the main treatments (Table 4.2L) " The leaf N and P

contents v¡ere low although N was within the adequate range
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TABIE 4"L8 THE trF'ECT' OF' FERT'TMZER æPUTCATTON ON }TUTRISIT CCbTIBTI
ruqD UPTAKE TN T\ßTZE AT FCXJR \,.iFF:TG AFTER. PI,A},TITNG"

a) Fertilizer Treatnent

Control

.rr\

NK

NP

}iPK

NPïtþZn

I.d (0" 05)

b) Fertilizer TYeatment

Control

PK

NK

NP

NPK

NPKIþZn

I"sd (0. 05)

0" 03 0" 70 0.18 0.11

Nutrient UptaÌ<e
K Ca Mg Zn },ir:r

nqlprant- uTprant

169 s6 48 247 527

31s 78 56 319 696

247 59 43 270 468

394 85 59 357 1053

4L6 103 59 377 I2I0

424 90 59 567 10BB

'N'l Þ+! +

|lutrlent Content
K Ca I'g
z

Zn lfi
-

ppn

44 I2I

42 98

42 l32

45 IT7

42 l.24

55 115

3 "12

3.11

3"43

3"18

3. 17

3"30

0"30

L69

229

206

284

286

310

5B

T2

22

16

¿o

26

29

6

0"23 2"78

0.29 4"32

0.25 3" BB

0 "29 4.40

0"29 4"64

0.31 4 "52

L.02

1.04

1. 00

0. 95

1.13

0" 96

ô qrì

0.77

0.73

0 "66

n7?

0"68

NP

2079 12 273
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TABIJE 4"L9 ftIE ffFtrI ffi FEKTIIÄZER APPTEçAT]OI'{ A1'Ð F'AIJ'[TI{ RESII{JE

}F}qçMM$ ON TvcIA! M]TRTNNT'IIPTAT€ IN I{ATZE TOPS AT 4!'IAP,

Tleaürent
Residue
Managenent

Nutrient
Conüci¡rations

N PK
r'.q/plant

Ca Mq Zn .vln

-

uglplant

l{u1ch Conü¡oI
PK
NK
NP
NPK
NPlûlgZn

rfa a- a

165 11
264 25
195 14
283 23
338 28
¿Y5 ¿+

256 2L

180
366
260
383
432
4TI

339 94J344

64 5t
98 65
65 42
69 49

r_16 58
97 62

85 55

AJ

47

==
oö
59
56

53

214 528
320 728
270 274
362 1145
4l6 1481
422 1030

Burn Control
PK
NK
NP
NPK
lWIO{gZn

Means

Lsd (0" 0s) (i)
(u)

(iii)

172
l,94
2I7
285
234
327

¿JÖ

45

ó¿

86

13
l_Õ

L7
¿ó
¿+
34

22

at

8

l_1

L57
¿65
¿5¿r

404
399
437

316

L25

LL2

t5B

4B
57
52

100
90
83

1)

28

/11
=I

2L9 526
a- AJII OO+

270 662
352 960
337 939
716 1145

369 816

85 26I

92 310

tL7 37L

rd

(i) Beüæen l@ln tneatrrent Í€ans
(ii) Betv'¡een Ferbllizer treaürent's under

one Mai-n treatnent
(iii) Between l{ain treatrrent concentrations

at tLre same FertlLlzer treatlent
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TÃFI]E 4"20 TTE ffiFEM oF IERTTTTZER APPuCATIO.{ AND FAI.[C[¡I RESIDUE
T4AT\]AM,M.M O}I MM Dffi MATTER YTEIÐ OF' }6XZE EAFT.EAVES.

Nutrient ccnrbinations Residue l4anagenent Nutrient
ltuld:ing Burning Ccr".rbi:ration irþans

^ /1 ^^FYrry fecrr

Control

PK

NK

r-\.l

NPK

NPio$Zn

IV'fa.anq

A'l

+.¿

+"¿

4"6

5"2

¿,7

/1 E,

A'l

4.6

+" I

¿,e

¿1")

4"I

A/1

42,

4"6

Á,q

¿,4

4"5

Lsd (0"05). (i) Between Main treatnent neans (0"4)

(ii) Between Fertilizer Íeans (0"5)

(iii) Between Fertilizer treatnents under
one l"lai¡ treatrrent (0"6)

(iv) Between t4ai¡r treatnent yields at
the sane Fertilizer treatnænt (0"7)
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TABüE 4.21 ïTIE ffiHCI' OP HEMTIJZER åPPLTçATIQN AND flATJ.g.[ RESTIX]E
Mro{A@.mff Ql'l TTE }f,.ITRSE\TI COlffÐfffi IN HATZE EART.E¡$IES,

T5:eaürent
P.esidue
I4anagenent

Nutr.ient
Ccrnbi¡rations

r\
z

Ca t4l Zn l.{rì
ppm

IfuIch

Burn

Control
PK
NK
NP
}PK
NPKMgZn

lf^¡* ^:'l@lÐ

Control
PK
NK
NP
NPK
MKl4gZn

Ma.anq

2"73 0"Is 1.4s I.2I
2"92 0"2C 1" 90 I"L4
2"52 0"14 1" 68 t"20
2"93 0.19 1"91 1"16
3" 05 0" 20 2.23 r"20
2"73 0" 17 1" 98 1" 11

2"BI 0.17 r. 86 1" 17

2"65 0.16 1"41 I.2r
2"69 0.22 2"rB I"23
2.89 0 " 16 1" 63 I.20
2"80 0.20 2"03 1"16
3"02 0.19 2"L6 I.20
2"98 0"22 2.28 L"zI

2"83 0.19 r.95 r"20

0. 34
0.29
0.30
0 "29
0. 34
0.25

0"30

0"36
0"31
ô?q
0.26
0 "28
0.31

nerl

54 245
45 255
48 245
46 265
46 265
48 255

48 255

49 245
45 ¿/3
45 255
48 275
54 245
A 

' 
A'F+o ¿oJ

48 260

(0"0s) (i) 0.19 0"03

(ii) 0.37 0"03

(iii) 0"39 0,04

(i) Between lÞin treatÍent nteans

(ii) Between Fertilizer treatflEnts under
one l'hiJl treatnent

(iii) Between l{ain treatrnent concentrations
at tj¡e sane FerblLizer treatsent

0. t4 0.12 0.07

0"30 0.10 0" 06

0" 30 0" 15 0.08
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(2"75 3"25) cåted in litcrature, The leaf P contenÈ was well

beLow the adequate range (0,25 F 0"35) and this may be a further

evJ-dence, that P was I-lmiting ln L979 and coui-d have probably

limited the uptake of N. The l-eaf contents of the other

elements evaluated seemed adequate but [Ín content v¡as high.

The leaf contents of N, P and K increased significantly

following the addition of NPK as comparêd with the check

(Table 4"22) " The leaf Ca content was not affected but the

Mg content rvas 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 Gna.ín qíøLd,s od ma"iz¿ and tLtø nutni¿nt cont¿nÍ. in tl+¿
gna.in in 197q .

The grain yields of maize in L979 declined by 2I per-

cent as compared rvj-th yields obtained in 1978" In spite of

this yield decline, the average yield was reasonable and,

as in L978, mean yield difference between mulching and burning

was not signiflcant (tabte 4.23)" However, the yields due to

burning \^/ere hiEher than those due to mulching in four of the

six fertlLLzer treatments. The trend in L978 was a reverse
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TABLE 4,22 ftE FFg'Em oF FERrrtrzEB,.AFpLrcAtroN CI{ }rum{rm.m cotlrg.ir
A}'TD I.]HIAKE T¡I ÐAI{I{EAF SÀO'PI.,ES"

Ferbilizer TSceaûrcnt
-r\

z
îe n.r Zn ¡,fr-r

ppn
N

Control

PK

NK

llP

NPK

NPKIþZn

2.69 0" 16

2. 81 0 "2r

2"7I 0"15

2"87 0"20

3"04 0"20

2"86 0"20

I"2I 0 " 35

1 a-L"LI U"JU

I"20 0" 30

1" 16 0"28

L"20 0.31

1"16 0"28

s2 245

4s 265

47 250

47 270

50 255

47 260

1" 43

2"04

r"66

L"97

2.20

2"L3

Lsd (0" 0s) 0"26 0.03 0"2I 0.07 0"04 _ nd _
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T'ABIE 4 "23 iHE ffiFEm OF FEK'ÏLIZER AFPIüqAftAN ÃND FÍ\I.If[¡I mSIDUE
T4A}{A@4N.il ON }ATZE ffiAIT{ YTMÐS OJ.T T!OiI,]E ALFTSOL"

lTutrient Combinations
Residue Managorent
ltulching Burnjlg

kg/ha
Nutrient

Cornbi¡ration Means

Control

PK

afrtL\Í\

l.lP

NPK

NPIûlgZn

P.esidue l[anagenent ]Þans

I€d (0" 0s) (i)

(ii)
(iii)

(iv)

Between l4ai¡ treatnent nêans

Between Fertilizer nÞans

Between Fertilizer treatnents
ore Main treatnent

Between Main Lreatrrent yields
the sane Fertilizer treatr:ent

2864

4098

3016

4366

4454

43]-6

3852

2675

4386

3385

4526

4448

45A9

39BB

2770

4¿4¿

3207

4446

445I

44l-3

3920

(612)

(37e)

(s36)

(764)

under
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of this, In that year o yiel,ds due tc rnuLching were higher

than yields due to burning ln aLL of the fertilizer treatments 
"

The yields at each fertj-lizer treatment dld not dÍffer signifi-
cantry between both residue treatments in L97B and ),979" rt
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

yield 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 ad.dition of
MgZn in 1979. Since the yields due to NK lrere comparable

with yields of the check, and these were significantly lower

than the yields due to other subtreatments, which contaj-ned

P, P was therefore the most limiting nutrient in L979. A

similar deductj-on was made in respect of the yield data in
1978. In addition, it can be postulated from the yield
results above, that the N lever was probably adequate for the

yields obtained, even where no N was added. This contention

is confirmed by the relatively high yield due Èo pK. Thuso

the N supplying power of Lhe Alfisol may have been improved

by the co\^rpea which probably f ixed some N j-n the soil.
Nutrient contents in the grain were not significantly

different between the main treatments (Tab1e 4 "24) " Nitrogen

and P contents in the graín were much lower than the leveIs
considered to be adequaÈe" The grai-n P content was particularly
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.TABT,E 4.24 TT{E EFTESI OT' FMIIüZER AFPI.ilcATIoN AND FAIJ.q.] reSIDIJE
T{ru{Aæ,Mru OI{ ffiTE }IIIIRJÐ$ CCÐ4)qSITIOI'T OF T1AIZE ffiAIN
Æ IIG.TNE.

Treatnent
Residue
itlanagenent

ItTutrient
Ccrnbi-nation

Zn
pFrn

K
z

t'I Ca llg

Ittulch

Burn

Control
r-r\
NK
NP
NPK
NPKI{gZn

Maanc

Oontrol
PK
NK
NP
NPK
NPKIT{gZN

lteans

0.1s 27
0"15 24
c "L7 30
0"16 28
0.16 28
0"16 29

0"16 28

1" 65 0.23
1.50 0 "25
1. 90 0 "23L"70 0 "23I"64 0"26
L"67 0"23

1" 68 0"24

I"77 0 "26
1" 58 0 "251.71 0.24
L"7 4 0. 33
L.47 0.26
L"67 0"26

1" 66 0 "27

0"51 0"010
0"s4 0"011
0" 59 0" 012
0.57 0.012
0.63 0"011
0.5s 0.012

0"57 0.011

0.52 0"017 0.15
0"s7 0"012 0.16
0" 59 0" 0t3 0.17
0"70 0" 011 0.19
0"s4 0.013 0" 16
0.59 0.013 0.17

0.s9 0"013 0"I7

29
¿¿+.

29
31
26
29

28

(0"0s) (i) 0"08 0"04 0"11 0.002 0"04

(ii) 0.28 0"0s 0"11 0"003 0.03
(iii) 0.27 0.06 0.15 0.003 0.0s

(i) .Betr,çeen }fain treatrrent rTeans

(ii) Between Fertil-izer treatrrents under
one }{,ai¡ tfeatfr€nt

(iii) Betweer¡ l4ei¡ Lreatrrent c.oncentratfons
as the sarre Fefri].izer treatnent
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low* This is consistent with greenhouse studies in the

earl-ier sections of this thes j"s o whlch had also shown that p

was one of the most llmitlng ej_ements on the two soil- types

investi-gated. The resurt of the effect of p 1eads orre to
postulate that P could also have limited the uptake of N on

the Alfisol" The concentrations of K, 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 "2s) "

The effect of K on grain K content was not expected but this
was mainly due to the reduction observed under burninq"
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4 " 25 TITE HT"EST OF FffiIIIZER APPLIC&TTON CAI NiJBIÐff CONru,TT
Aù{D TIPTA¡G n\ }{ATZE @AÏN.

'Fertilizer Tteatnent Nutrient Content
K Ca 1'19
go-

Zn
prrn

P

Control

PK

NK

T{P

NPK

NPIO{gZn

I"7T

r"54

I" 81

r.72

1. s6

L"67

0"25

0 "25

0"24

0"28

0 "26

0"2s

0.s2

0" 56

nqo

u"o+

0" 59

0 "57

0. 0r4

0"0I2

0. 013

0"012

0"012

0.013

0. 15

0.16

0"17

0"17

0"16

0.17

28

24

30

30

27

29

Lsd (0" 0s) 0"20 0.03 0.07 0" 002 0"02
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4"4 Sumrnapy And Concl.uslon

The effects of mul-chlng versus burning of far-Iov¡ resi-
dues and fertllizer appl-lcatj-on 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 Ig79) , crop yields and

mineral- nutrition were comparabre between the mulch and the

burn management systems" However, mulching had a slight edge

over burning especially in L978. Mulching was judged a better
method of residue management because it provided a physical

cover to the soil and probably slcnvly released the organically bornd

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 similaríty between mulching and burning in most of
the estimated parameters indicates that there may actuatly 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 yiel-ds obtained in both years without fertilizers
were satisfactory as compared with the farmerrs yierds. This

\Â¡as an indication that in two years of cultivation, reasonable

crop yields \^rere possible at the'Ikenne fallow site with sood.
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ctrop husbandry êl.onen The yj,eLds at this site were mere

J.nfl.uenced by the soiL fertiLlty level- than by the nutrient

storage in the f all-ov¡ bj-omass 
"

Fertil-lzer apptication 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 stilt necessary for good yíeIds. Results

in 1978 also indicate that when the three major elements are

applied, M9 and Zn will be required if yields are to be sub-

stantially increased"

Cowpea yields in the first year $/ere 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 límited 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 \^Ias more pronounced in L979 than in L97B and P

may also have limited N uptake" This partially explains

the lack of significant response to added N. In addition,

the co\¡/pea augmented the N supplying power of the soil and

also supplemented the effect of applied Ii" Therefore' the

use of cowpea or other l{-fixing legumes is recommended not

only as a means of reducing the arnount 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 t,he first year of bush fallow

cul-tlvation 
"

It woul-d seem that less than 200 kgN/ha would be re-

quired over a two-year period of cul-tivation 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 encouragied except where the amounts of fallow lit.ter are

likely to hi-nder cultural- practices such as planting. In this

situationn light burning, enough to provÍde 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

Without Fertillzer and Lime r oD

Nutrition on the Onne Ul-tlsol in

and Burning llith and

Crop Yields and Mineral

Southeastern Niqeria.

5.1 Introduction and Literature Review

As a consequence of high rainfall in Southeastern liigeria,
most of the soils which are of the Ultisol order are strongly

leached" The soils have 1ow cation exchange capacities and

high exchangeable AI contents which contribute to their l-ow

pH" Nutrient deficiencies coupled with AI toxicity caused by

the leaching and by the high AI saturation of the soil complex

are the most immediate problems in managing these soils"

The increase in population has resulted ín 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 Annua1 Report , I97 4) , soil nutrient

deficiencies and soil acidity are increasing" Unpublished

result.s of experiments in the area indicate that neither fer-

tilizers nor lime application may effectively correct either

the nutrient deficiencies or the A1 toxicity once these pro-

blems have deveLoped in these Ultisols " Results from the

Yurimasuas Experimenta]- Station in Peru on similar soiL type
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confirmed thaL rnaÇro and micronutri.ent deficiencies developed

after the first, two years of s].ash and burn management in spite
of the appl-icatj-on of NPK and l"ime (NCSU I973-L977).

Investigat,ions on Southern Nigeria Ultisols have general-

ly indicated that responses to fertilizer and lime application
were related to the fertil-izer sources used" For example,

fertiLizet 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, h/as due to the resulting soil
acidification. In contrast, Kang (1978) suggested t.hat 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 anC increased soil- acidity on the U1tisol"
Increasing the amount of lime applied in order to de-

crease the soil acidity decreased the available soil P det.er-

mined by Bray-r method (rrrA Annual Report, r976) " Greenhouse

studies by Juo (Soi1 Chemistry Subprogram Report, L976) using

an ulti-sol soil- símilar to the onne soil- showed Lhat 1ow lime

rates (< 1000 kg/ha CaCOr) r increased pLant dry matter yields

but high J.ime rates (È 2000 kg[na) significantly depressed the

dry matter yieJ-ds of maize" Subqequent IITA studies (Annual
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Report r 1976), Çonfårlqed thaÈ li.me Leve].s of 1000 r 2000 kg/ha

induced Mg deficiency on the Onne ULtisoL and aLso depressed

the dry matter yields of malze in the greenhouse"

In a fiel-d study at the .Amakama area of Southeastern

Nigeria, it was found that smal-l lime ( CaCO, ) dosages of

about 200 - 500 kg/ha increased. malze yields on a soil similar
to the Onne Ultisol (Uzu, personal communication). Uzurs

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 linle levels up

to 2000 hg/ha in the first year at Onne but exchangeable A1

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-

1ity. 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 Pul-ver and Horst were also

not substantiated by the data of Kang (1978) in which it was

shown that g'reenhouse gro\^¡n 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 (ÇaCOr) was shown in Kangts studies to improve

nodulation and increase dry matter yields, The higher lime
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leveL slåghtLy J.owered, pl.ant Ca centent,u

It would appear frorn al,I. of these studies reviewed,

that fertil-izer and l-irne responÞ:es on the Ul-tisol 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 Af, 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; NPK MgZn and NPK MgZn +

Lime "

The levels and sources of fertilizer \^/ere the same as

at fkenne except that P and K were applied at the rate of

40 kg/ha of each element" The lime was applíed only in I97B

at the rate of 1000 kg/ha using hydrated lime (Ca (OH)2.2H2O).

All other practices \dere similar to those used at the Ikenne

site.
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5 
" 
3 ResuLts and Discussion

5"3.1 |nU maÉÍen q,LeL-da, nulhìent content. and nutniønt up.talzø
o( nq.íz¿ tltn¿¿ w¿ø[¿a adten '¡tLa"nÍ.Lng (3U]AP),

The dry matter yields of malze at 3WAP did not differ

significantly between muJ-ching and burning as shown by the

main treatment means (Tab1e 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 (rable 5"3a)" Phosphorus content was

significantly depressed by the addition of MgZn which also

significantly j-ncreased 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 resldue management (Tabl-e 5.4 ) " The

addition of NPn resuLted in a significant increase in pi-ant
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[fü FFFE9I 0n' FnmIf-,IzERÆ,I¡G APPTXCATION AI']D FALI.CI{ reSIDtlE
}4AT{AGM{Ðü CT.{ DRY MAT1ER YTEI.D6 OF I,XLTZE AT TTßE TIEE{S AF'TER

PI"ANTTNG [3I/IAP) 
"

Nutrient Ccmbinations
Residue l4anagenent
Mulch-ing Burning

m./ÅJ¡nJ-
Y¡ry u..|4¡L

l\'fr:+.v.i ^-rrruu¿q1L

Ccr,rbination }4eans

Control

NPK

NPIO$Zn

}@IO{gZn + Lil€

Mea¡s (R"M" )

Lsd (0"05)

4"4

6"8

5"8

aq

6"4

o?

t"u

8"9

11

5"0

8"0

6"4

7"0

(i) Between }4ai¡r treatrrent neans

(ii) Between Fertilizer neans

(iii) Between Fertilizer treatrents i:nder
one Maix treaürerrt

(iv) Between Mai¡r treatrrent yields at
the sane Fertilizer treatnent

(2"3)

(1" e)

\¿"t)

(3.2)



-183-

TABTE 5"2 rTü EFFESI OF' M;roTMZE8/,I..,Dfr AFPLTCRTTON A}rD FAI.¡T.q{ reSIRIE
T4ANA@M.{T' ON NIITRTB\M CO}POSTTTON OF' T¿ATZE TOPS AT 3I^ÌAP"

Treatrrent
Residue
l4anagenent

lilutrient
Ccrnbinations

¡,ftì
ptxn

K
z

Ca l,lq Zn

Mrr'l nh

Burn

Oontrol
}trPK

NPi@Zn
NPIûlgZn + I,:inÞ

lþa¡s

Control
}¡PK
NPIûlgZn

NPKIv$Zn + Lire

lbans

0" 90 0" 3s
3" 70 0 "574.10 0. s0
3"70 0.43

3" 60 0"47

0"33 0"42 4L 584
0.39 0.37 43 s56
0.37 0.53 76 499
0"61 0"47 69 29l'

0"42 0.45 57 482

3 "73
3"68
3.48
4 "27

?QN

2"80 0"31 3"52
3.40 0.43 3"23
3"20 0"35 3" 09
3"10 0"34 3"42

3.13 0"36 3"30

0"26 0"42
0.41 0.41
0.33 0.50
0"44 0.45

0"36 0"44

0.08 0.04

0" 09 0" 07

0"11 0" 07

36
36
59
63

4B

10

10

13

419
386
337
258

32I

l-25

l-24

Lsd (0.05) (i) 0.40 0"08 o"2B

(ii) 0"76 0.09 0"76
(iii) 0"76 0"09 0.71

(i) Beü¡een l{ain treatrrrent fleans
(ii) Betwæn Fertil"izer treatrrents under

one $h1n treatment
(tii) Beh'¡een lbin treaûrents

at the sare Ferb,ilizer treatrrent
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FU Wrmr CIF ffiI'IrïzER åm I.rX$E åPPIJIÇATION CÐ{ mrrRr$m
M{IBVT sÐ tFTåIG I}{ f'l&TZE åT S'ËP"

ÎåBrE 5 " 3

a) FerLilizer Ãçplication

Çontrol

NPK

NPI(SZn

NPI@Zn * Li¡re'

I€d (0.0s)

b) Fertilizer Application

Oontrol

NPK

IüPKI@Zn

NP@Zn * Lirne"

I"çd (0.05)

N
Nutrierrt Content
K Ca Þ,1r

â
Zn ¡trr

ppn

39 502

40 47L

68 4I8

66 275

Zn ntt
- 

tT,uglpl-anc

190 2405

267 3630

43L 2655

567 2345

97 500

2"85

3"55

3.65

3"40

0" 54

t42

290

23r

295

79

0.06 0"54 0.06 0.05

0"33 3"63

0.50 3"46

0"43 3"29

0.39 3"85

17

40

27

34

10

180

273

2L0

325

77

0" 30

0"40

0.3s

0"53

15

32

24

46

9

0.42

0"39

0"52

0"46

2L

31

34

40

B

B9

Nut¡ient IÞtåke
NPKCal'll--- 

-

ng,/pLant.



-18 5-

TABI,E 5 " 4 TtE EFTECI' OF FRi'IIilzEV'IJ$fr AI'PIìIÇATION AðlD FAI.,IQ{ reSIDuE
T,ru{Affi{MW ON TSIAI. EIJM@',TI TiPTAI(E S\T TATZE TOPS AT 3,'VAP.

Treatnent
Residue
l4anagement

Nutri-ent
Cornbir¡ations

¡&"tN KCaWZn
mglp1ant

Ir4ulch Control
NPK
NPIûlgZn

NPI0SZn + Line

Means

I30
250
24r
313

233

t54
3lC
22I
277

240

168
25L
202
339

240

16
40
29
37

JU

17
39
25
30

2B

9

I4

15

191
294
2L7
3r1

253

7B

108

l-29

aaIJ

L2

T6

19
25
31
40

29

¿J
37
36
39

34

B

L2

13

T4
26
2T
52

28

180
296
439
587

376

2500
3810
2950
¿+ov

2927

200 2310
237 3450
422 2360
547 2230

374 25BB

115

L37

162

730

Burn Control
¡üPK

MI{VIgZn
MIO'þZn + Ljme

Means

3B
27
39

30

Lsd (0" 0s) (i) 9s

(ii) L20

(iii) 133

{i) Beü¡¡een l{ain treatn€nt neans

(ii) Betq¡een Fertil-izer treaürent urrder
one $4ain treatment

(iii) Between l4aJn treaürent
at the sãre Fertilizer treatrrent
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uptake of Nr Pr Kf Ca¡ Mg and Mn (Tab1e 5"3b). The uptake

of F , Zn and Mn increased signiflcantly foi-lowlng t.he

addition of, MgZn. Liming slgniflcantly increased K, Ca

and Zn uptake In the pI-ant 
"

5 .3 " 2 Ean-,Lea( dnq maÍt øtt r¡iøI-dd and nutniønt co nt¿nt ,

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 l4n in the ear-Ieaf \^/ere

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 st.udies had indicated that P was the major limiting

element not only on this ULtisol- but also on the Alfisol

soil at Ikenne. Therefore, the high P content in the ear-

leaf is not conclusive proof that P was adeguate since low

ear-Leaf dry rnatter yields couJ.d have resulted in a high

nutrient content" The leaf eonLents of K, Car Mg and Zn
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TAFLE 5 " 5 TtrE E¡F_ESI CF FEI{'ILIZEV.IJI}E APPTIçATIQN AAID FATJCI¡Í RESIDUE

TViANAME}M ON THE EåFI{EAF DRT } lrffi. YIEtÐg OF MAIZE.

Nutrient Ccnblnations
Residi:e }lanagernent
Mulchì-ng Burning

gmlleaf
Nutrient

@nbi¡ation Jvleans

Control

NPK

NPI@Zn

MI{VIgZN + IjiJftE

Residues l4anagenent l4ean

Lsd (0.05)

2"8

4"3

3.6

4"8

,)o

4"4

AO

4"8

4"3

2"9

/l /l

4"3

4"8

4"r

(i) Between ¡4ain treatrlent nÞans (0.9)

(ii) Between Fertilizer ÍÞans (0"9)

(iii) Betr¡¡een FerLilizer treatnents urder
one l'4ain treatnent (1"3)

(iv) Betl¡een l4ain treatment yields at
the sane Fertilizer treatnent Q"3)
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TABLE 5 " 6 TTTE EFFE T OF FTKITTTZEVLS@ ÆPLICATTCÐ{ AND F'AT,I.g^T reSIDIJE
r'MO{AffiM.TI trÑ }ßTZE EABI.EAF NITRTB{I CøPCISTTTON"

Tbeaürent
Residue
llanagenent

Nutrlent
Ccrnbi¡rations

Zn ¡&^r

ppnt
K
z

.G rg

¡tuld:r

Burns

Control
TTPK

NPKIþZn
NPKDþZn + Iijme

Iþans

Control
NPK
NPI@Zn

NPitSZn + Lile

I'tÞarts

2 "07 0.34 1" 9s
2"36 0"44 1.66
2 "29 0. 36 1. 50
2"69 0.42 2.II

2"3s 0" 39 1" 80

0"16 0"16
c.36 0 "32
0 "32 0" 33
0.50 0" 39

0"33 0"33

14 10r
17 13r
23 113
23 94

19 r10

2"26 0"55
2"48 0"52
2 "73 0" 55
2"68 0 "44

2"54 0"52

2.53 0" 17
2"42 0"27
2"39 0"27
2"I3 0"44

2"37 0"29

o.34 18
0 "24 2I
0"33 28
0 "34 29

0"31 24

ls0
¿¿)
184
113

168

I."d (0.0s) (i) 0" 20

(ii) 0. 31

(iii) 0 "32

0" 04 0"55 0" 06 0" 03

0" 0B 0" 4B 0.08 0.07

0" 08 0 "67 0" 09 0" 06

J

5

5

4I
46

56

(f) Between lhln treatrent means

(il) Betl¡eerì Fertil-izer treatrrents u:rder
one S4ai¡r treatnent

(iii) Betroeen I'[aln treatner¡t
at the sane Fertil,izer treatr€nÈ
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çeerned to be adequate,

There was a significant increase in the l-eaf contents

of N, Cê and Mn as a resul-t of the addition of NPK (Table 5"7)

The addition of MgZn aLso slgnificantl-y increased llg and Zn

contents of the leaf. There was a significant increase in

the l-eaf 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

¡nnl ì aÄ

5"3.3 Gtta"ín qie!-dd, nuf.níønt cont.ønt. and nutn-í¿nt uyttctbø in
t l+¿ gna-ín .

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 burnitg, 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

yield 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 I{gZn application"

Liming increased the grain yield.s by about 15 per cent but

the increase was not statisticalS-y significant"

At each nutrient conþination treatrnent¡ grain yields

under muS.ching were higher than those obtained where residues
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5 "7 TTM ffif.Ec]' OF' FEBT'ILTZES ¡¡'TD LÐfr APPLICAtrIO}T ON TÍIE EARLEAF
NUTRTE\TI CÐNMfI.

Fertilizer Application
Zn tiht

ppm
PN

I{utrient Contents
K Ca ¡,11

z

2"24 0"17 0"25

2"04 0"32 0"28

1.95 0.30 0" 33

2"L2 0"47 0"37

16 l-26

19 L1B

26 L49

26 L04

Control

NPK

NPKMgZn

NPI@Zn + LinÊ

2"I7

¿"4¿

2"5I

2"69

0 "4s

0.48

u"+o

0"43

Itsd (0" 05) 0"2I 0"05 0"32 0.06 0"05 30



TABLE 5. B TTE ruTEÇT
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FEKIITIZEV,LÐfr APFTTÇATTON AqD FêTJ.G,T RESTDUE
}êTZE GBAS.I YTM.Ð"

Nutrient Oonbinations
Resldue Managenent
M:lching Burnlng

ka/ha
Itutrient

Ccrrùination lþans

Control

NPK

MPI@Zn

NPIO4gZn + Ljrr€

Residues }4anagenent hans

1'7 /1 
^

34I2

¿ó tó

3495

28BI

1190

2727

2802

3008

2432

L465

3070

2840

3252

2657

Lsd (0" 05) (i)

(ii)

(iii)

(iv)

BeLween ll,ai¡r Treatrrent rreans

Between Ferbilizer ilÞans

Between Fertilizer treatments under
one l4ain treatnent

Between l,lai¡r treatr¡¡ents
at the sæne Fertilizer treatnent

(67r)

(480 )

(67e)

(873)
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of the bush falLgw y¿çre burned, This vras an indication that
mul-ching was sLlghtly bet,ter than burnÍng of the residues

in the first year. ALthough the ylel-d advantage of 449 kg/ha

due to mulching may seem numerlcal1y smal-L, it is important

from the subsistence farmerst 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 contenL of the onne soil was row.

Liming did not result in a significant yield increase in the

first year, as was also reported by Friesen (rg7}) on the same

ultisol" This may have been rerated to a rack of soil d.is-

turbance during clearing and cultivation, which would have

increased the level of exchangeable A1"

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 \4ras true for ca. rn

addition, the N content in the grain was low as compared to
the optimum levels cited earlier in chapter q " The revel of
P in lhe grain may be described as intermediate whereas, the

concentrations of Ku ca, Mg and zn seemed. to be adequate.

Total uptake of nutrients by the grain (main treatment

means) indicated that N, Po K and Zn were slgnificantly higher

under mulching than under burnÍng (table 5.J.0), The uptake of
ca and Mg was similar between the.two methods of residue
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TAELE 5 " 9 TT]B trFE.cI OF FEFrXIüZEVI..,$E ÂPPTICATION å0TD FAIJcfü FESIDUE
MANA@4M.TI ON MATZE ffiATN }TIJTRTÐ'TT æ¡4PqSITTON"

Tlreatment
,Resldue
l4anagenent

Nutrlent
Ccnürinations

K
z

Pt\ 9a Ms Zn
prxn

Irtulch

Burn

L.76
L"77
1" 68
1" 63

1" 71

L"62
1" 60
1" 55
I"62

1" 60

0"39
0.35
0"45
0.41

0"40

^ 
/1 É.

0.58

0"53

0 "64
0 "45
0"41
0"63

0.53

0"14
0"13
0"15
0"16

0"Is

0. 15
0 "I2
0"17
0"15

0"15

,Control-
NPK
NPl{vlgZn

NPKMgZn + Line

lvleans

Control
NPK
NPI{VIgZN

MI{vtgZn + Li:re

liþans

35
28
37
36

5¿l

ãL7
0"37
0.32
0 "47

0"41

0 "22 0.18
0"r9 0"13
0.15 0 .r2
0.1s 0.18

0.18 0.15

39
¿ó
27
39

33
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TABLE 5.10 THE FfFEgT OF' FEFI'IIilZEF/I.IJM APPLIqATTON A}JD FATJTW RESIDT]E

}flTBffi\,M{I CI{ T{AÏZE ffiATN TtrIAT I\IT]TRTÐ{Ï UPIIAKE"

TYeatnent
Residue
l4anagerent

Nutrient
Combinations

Zn
gr/ha

r\
l'q'-Æ.u

N Ca ¡4s

Múcfr Control
NPK
MKI4EZn

NPItIgZn + LjrE

Iþans

Burn @ntrol
NPK
NPI{SZn

Mi{vgZn + Lirr€

lbans

tsd (0. 0s) (i)

(ii)

(iii)

31 79
60 12 15
48 13 17
s7 15 19

49 12 15

6B
10 13

YLL
14 19

10 13

¿

9

ö

aJ

4
5
5

Â
=

z
4

3
J

4

1

3

2

J

4
6

4

59
96

108
l-24

97

46
77
74

TT7

79

19
44
A/l

4B

39

3
5

=

4

nd9L

122

L42

6

+þ

40

(i) Between [4ain treatrnent neans

(ii) Betvæen FertiLizer treatÍents r¡rder
one }bin treatner¡t

(lil) Between $hj¡ treat¡ents
at tlre saæ Ferbillzer treatrent
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man¿ger[eqL, The hågher uptake of tbe major eLements by the

gral"n due to rnuLching |s probabi-y a confirmation that mul-ching

v¡as a better method. of handLing the falLow residues than burning"

Specifical-]-y, 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 significant.ly 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"1I)" VJhile

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 no significant increase in the uptake of Mg and zn

by the grain as a result of MgZn application" The uptake of

P was significantly íncreased by liming"

5.3"4 Mo.izø 
^tov¿tL ULøLL¿ and nutrti¿nÍ' conÍ'¿nt''

The stover yields did not differ significantly between

mulching and burning (tab1e 5"12)" The yield trends as well

as the nutrient content were similar to those obtained in

respect of the grains in sectlon 5,3"3" Both nutrient

contents and uptake in the stovers were higher under mulching

than under burninE" This is fur'ther evldence that mulching
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ÎABIE 5 " 11 mm m1nEg1 OF FE¡g¡I¡1ZER ¡\i{D LIME APP"'CATTON
ON IIPTAI(E OF NI]'ßTÐ.TIS n{ }ATZE GRATN.

FerbiLizer þpllcation
Zn

gn/Ya
\l

Nutrient Contents
K CA r4.rL'Y

kg/ha

-Control

NPK

lÏPltrvtgZn

NPI@Zn + Li-ne

25

52

¿+o

53

11

11

T5

9

L4

1^

19

53

87

91

L2L

L€d (0"05)
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TABTE 5 "L2 TTIE mfECT 0F FETruIZEB/T.IÍ\E APPLICåTJOIÍ Æ\fD FAIJ,q^l BESIDUE
t{A}{A@4E}tT O* ¡'çgZE STCÃrffi, yIErÐS,

Residtre lt4anagerent
Nutrient Ccnnbi¡rati-ons }û:IcLr:ing Burning

kg/ha
lJutrient

C:¡nbination }bans

Control

NPK

NPI@Zn

1514 1145

2724 2407

2670 2460

1330

2566

2565

¿óL I

¿5++

I.IPKM9Zn + Ljrre 3001 2753

Residues }4anagement }4eans 2497 zLgI

I"sd (0"05) (i) Betr¡een Mai¡r treatnent neans (1039)

(ii) Bett'¡een Fertilizer IIEans Ø82)

(iii) Betrveen Ferbilizer treaürents under
one l4ain treatnent (682)

(iv) Between }4ain treatrnents
at the sane Fertilizer treatnent $I72)
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was a better method ef managlnE the faLlow residues than

burning (App" 5"3 and 5.4). It, is a].so an evidence that
Liming did not resuLt in any slgnifieant improvement in crop
performance in the first year of cultlvation of the bush fal1ow.

5.3"5 Cowyte.a índ¿x .Løa( dnq mattøn qie-X-d,s and nutníent eont¿nÍ..

The dry matter yields of the index leaf samples of
cowpea \¡¡ere not significantly different between mulching and

burning as indicated by the means of the two treatments (ra-
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 (rable 5.14).
The Mn level was significantly higher under mulching than under

burning. However, the leaf lIn levels seemed to be generally
high and suspect. Neither the residual effect of fertil izer
nor of lime application on the leaf nutrient. concentrations
was significant (App. 5"5),

5 " 3 " 6 Cowyt e.0. 
^ 

ee-d qiøLdt a"nd nut ni¿nt co nt ¿nt .

The average cowpea seed ylerd of r.r49 kg/ha obtained at
the Onne site was good compared with the yields reported in the
area (wien, personar communication and rrrA Annual- Reports

1974-L976) " A'].though cowpea yiel-ds did not differ significantly
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TABIE 5 "13 TIE EFFTSI OF FEMTITZEBILNE APPLICATTQN A}{D FAIÃø^7 FESTDITE
mNAffi/E\TI ON $ÐÐ( L¡EAF DBY MATffi, YItrDS OF CtY/'IPBA"

Nutrient Combinatlons
Residue l.lanageænt
ltrlching Sumj¡g Nutrient

Conilcination lt{eans

Control

NPK

I{PIS'I9ZN

NPKI@Zn + Line

'nesidue 
l{anagerent }4eans

.Lsd (0" 0s) (i)

(ii)

(iii)

(iv)

Between l*lain treaürent neans

Between Ferbilizer Íeans

Between FerLilizer treaürents under
one t'{ain treatment

Betveen Plain treatnents
at the sane FertilÍzer treatment

0"14

0"r2

0"I2

0 "r2

0 "12

0 "L2

0"11

0. 10

0"09

0"10

0. 13

0.12

0"1r

0"11

0" 11

(0 
" 05)

(0" 03)

(0" 04)

(0" 06)
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TAET]E 5.L4 TIfi trfECT OF FERI'II..IZIE/LITE APPI,IçATION FÈTD FATJ.O¡I reSIDUE
Þ44}ü\GM4M{T CÐ{ }'TL]TRIM{T OCIæOSITXON OF' @\PEA TÌ{DEX LEAF.

Treatnent
Resi.due
l4anagement

Nutrient
Ccrnbinations

K
90

Ca t'g Zn ¡Ín
ppn

Mul-ch

Burn

Control
NPK
¡pl{vÇZn

NPI{þZn + Ljn€

l{eans

Control
NPK
NPIS{gZn

NPIOSZn + Ljn'le

Ir4eans

5.40 0"42
5.40 0 "44
5" 30 0"42
s" 30 0"42

5" 33 0 "42

4"70 0"43
5"20 0.4s
5" 30 0"42
5"20 0"44

5 "07 0" 43

1" 99 r"49
2"L3 1. 86
1"78 1.50
1. 87 2"33

L.94 L"79

2"04 0.98
1" BB r"57
1" 89 1. 89
2"0L 2"I4

1" 9s L"64

0 "64 0" 14

0.36 0.64

0" 51 0.90

0"76 0"16

0"48
v"Lr¿
0.41
0"37

(\ ¿,)

48 B1O
43 754
55 7BB
s3 398

50 687

493

55

r52

2I5

193

0"4I 41 525
0"37 43 559
0.40 55 484
0"42 49 405

0.40 47

Lsd (0.0s) (i) 0"3s 0"07

(ii) 0"47 0"04

(iii) 0.67 0"06

(iv) 0.67 0" 09

(i) Between Main treaürent rreans

(ii) Betvçeen Fertilizer fiEans

(fli) Betlveen Ferbil-izer treaüients i.rnder
one $hin treatnent

(iv) Betioeen l4aj¡ treatrrents
at the sørp Fertillzer treatrnent

0"19 9

0.06 B

0.08 11

0 "20 13
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between muLching and þurnlng, yj.elds due to rnulchj.ng were

higher at, each fertilizer cornbination treatment (rable 5"15) "

There were no slgnlficant yieS-d responses due to the

residual effects of fertilizer or lime treatments, However,

the yiel-d increase due to IïPK Mg Zn * Lime as compared to

the check indicates that nutrient and lime may have been

beneficial. There are conflicting report.s regarding cowpea

response to fertilizer and lime application on the Onne soiI.
While Friesen (1978) found no significant yield response to

the addition of 1000 kg/ha of Lime (CaCO") in the first year,

yields of cowpea increased significantly in the second year

as a result of 500 kg/ha of the lime" Kang (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)for:nd

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 cul-ti-var differences, varying fertility l-evels

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 Ín the field and this
could be a nutrient deficiency or disease symptom. Tn green-
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TABÏTE 5.15 TTIE WFECT OF F.EruTI-ÄZER/T-,DE APPI..IçATIoN A}ID FAI.tgll RESTDIJE
f'lAl'iA@,'mflI CÐ{ CCR'FEA GRå'n'i YIEIrÐS"

Residræ t4anagenent
Nutrient Ccmbinations tÏul-chring Burning

kg/ha
llutrient

Cornbination kans

Control

NP.K

NPIS{gZn

1138 1010

Lr2B 1045

1203 1156

7074

1087

lIBO

1253

TI49

NPIO49Zn + Ljne L2B2 1223

Residues lt4anagenent l.ban 11BB 1109

Lsd (0"05) (i) Between t4ain treaürent means (160)

(ii) Between Fertilizer nÞans (191)

(iii) Betr¿een Fertilizer treatnrents under
one itdai¡r treatnent (27I)

(iv) Between Mai¡ treatrr€nts
at the sane Ferbilizer treatnrent Q79)
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house studies¡ Kang [X978) fçund that ch].orotie cowpea was N

deficient" The Low.' N content in the ear-J"eaf, sampLes of the

previous malze crop indlcated that ltr could have been deficient,

thus confirming Kangirs fÍndings" However, the N content of

the co\^rpea index leaf appeared to be adequate. Therefore,

the observed chlorosis could be due to a multiple nutrient

deficiency or due to AI 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 1eveI 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

previously reported high I{n 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 DttA matte-n qíe-X-d,s oI mo.ize-o nut¡ti¿nf cont¿nt and uytta.lzø
twct w¿øl¿¿ a-(tøn ytLanting (LW^Pl Ln 197 q.

The dry matter yields of rnaize aL 2I47AP were lower than

those obtained at about the same stage of growth in 1978.

This decline in dry rnatter yields was an indication that early

plant growth and establ,ishment was poorer ln 1979 than j-n L978.

The dlfference ln the mean pJ-ant dry rnatter yields between

mul.ching and burning was nearly significant (rable 5"1-7) 
"
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TABT.E 5.16 TTU WT'E,cI OF FEF{III..,IZEB/ù$E APPTTçÅTTcE.{ AND FALig.'.l BESIDUE
!{AI\AcÐ/mfI OI.{ }ruTRIm\TI CCÐ,POSITIOI,I CF Ct^ipEA GRATN"

T?eatrnent
Residue
it{anageænt

Nurtrient
Ccnrbinations

l\l Þ 9a ltg Zn I4n
prrln

K
9o

Mulcht

Burn

Control
NPK
NPï{vlgZn

NPI(SZn + Line

Èfeans

Control
NPK
lrPlsþZn

IfPIO4gZn + Lj:tte

t{eans

3"85 0"49 2"3I
4"02 0.47 2"58
3.64 0"46 2.26
3.64 0"47 2"3L

3 "79 0 "47 2.36

?K"rlÃ^
J . J t V ô JV

3.6s 0.49
3.74 0"47
3.84 0 "46

3.70 0.48

0. 02
0.02
0"02
0 "02

0"02

2"40 0"02
2"35 0"02
2"33 0"02
2"30 0"02

2"34 0"02

0 "24 44
0 "23 39
0.23 49
0 "22 46

^ 
aa À Àv"zJ +1

0 "23 44
0 "25 43
0.22 49
0 "22 42

0 "23 44

75
R?

75
64

t+

79
64
oç
53

65

Lsd (0"0s) (i) 0.19

(ii) 0.30

(iii) 0 "42
(iv) 0" 41

0.02 0.27

0 "02 0" 11

0" 03 0.15

0" 03 0" 30

nd 0"01

0.02

0. 03

0"63

+

3

5

5

l-1

15

15

(i) Between }4ain treatrnent. rreans

(ii) Between FerbiLizer rTÊans

(1il) Between Fertilizer treatrents unde,r
one Main treatnrent

(iv) Betv¡een l4aln treatnrents
at ttte sane Fertilizer treatnent
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IABI]E 5 "L7 rTE ffFEgT OF' FERTILTZEV,T.,MM APPITCATION P,}rD F'AI.Ifr,T FESITIIE
}{ANAC?Ð@{T' ON TFIE DFY ¡ArmR YI$ÐS CAl MATZE TOFS ÃT TT,Ð T{EÐ<S
AFER PT.ATfTING (}¡BF) TN ].979"

Nutrient @nbinatlons
ResiCue l4anagørent
lûrlchlng Burning

gty'p1ant
Nutrient

Combirrâtton tbans

Control

NPK

NPKÞþZn

NPI@Zn + LilÞ

Residue lt{,anagerent }þans

0" 55

0" 60

0 "76

0 "73

0.66

0 "46

0 "64

0. 63

0. 4B

0.55

0"51

v.oz

0. 70

0"61

0"61

Lsd (0.05) (i) Between lvlai¡r treatrrent neans (0.12)

(ii) Between Fertilizer Íêans (0"I5)

(iii) Between Fertilizer treatrrents under
one l4ai¡ treatrrent (0"21)

(iv) Be¿ween Maj¡ treatnents
at ttre sane Fertilizer treatnrent (0.21)
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Based on the nut,rf ent co¡rbinatj.on means, responses to the

addltion of NPK' MgZn or to the reslduaL effect of limlng

were not significant" IÏovvever, the response to NPK + l4gZn

\^¡as significant as compared to the check" This response \¡',¡as

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 conLent of nutrients was generally higher than

in L97B mainly due to a poorer growth in 1979. Only the plant

contents of N and Mn were significantly affected by residue

treatments (Table 5"lB). Both elements were significantly
higherundermulching 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 l4g 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 siqnificantly depressed the

plant Mn cont,ent.

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 foLl-owing the addition of NPK as shown

by the nutrj.ent combination ef f ects (Table 5 
" 
l-9b) " Phosphorus ,

Mg and Zn uptake was also slgnificant,ly enhanced by the addition
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TABLE 5.18 nU EFFESI OF FEruILIZERÆ,SG åppLIqATIC[,t AND FAÏJ_CX\7 RESTDUE
I4ANAGPIÐM ON NT.I]I,RTMiT CCÐPOSITIÇÛ.T CF'T{ATZE T'OPS AT ãNP"

Tleatnent
P,esldue
I4arngernent

Nutrient
Cccnbi:rations

K
z

Ca ¡49 Zn l,¡:ì
ppm

Mulch

Burn

Control
NPK
NPKMgZn

ìfPi{'ÇZn + Ljn€

Itbans

Control
NPK
NPi@Zn

NPIOIgZn + Lin€

Means

4"68 0"48 4"06
5" 6s 0.73 4.67
5.19 0"66 4"34
s" 36 0 "7L 4. 85

5 "22 0" 65 4 "48

4"02 0"45 4"48
4"93 0" 65 4 "55
5" 18 0" 66 4" Bs
5" 38 0" 69 5"28

4.88 0.61 4"79

0"84 0.57
0" 83 0.43
0"Bs 0.51
l" 00 0 "49

0"BB 0"5

0"97 0"58
0" 7B 0" 37
0" 84 0" 50
1"01 0"49

0" 90 0"49

44 349
47 2BT
76 255
81 L24

62 252

45 206
42 184
85 lBO
82 105

64 L69

(0.0s) (i) 0" ls
(ii) 0"46

(iii) 0.42

0.07 0.71 0"37 0.14 4

0"07 0.59 0.32 0"15 12

0" 09 0. 86 0 "47 0" 19 11

7L

5B

öf

(i) Between t4ai¡r treat¡ent ¡reans

(ii) Beb;reen FerLilizer t¡eaúrents under
one Mai-n treåtrrent

(iii) Between llain treatrnents
at tf,€ sane FerbiLizer treatrrent,



TAFT,E 5.19

a) Fertl1lzer þp3-ication

Control

NPK

Ì.TPKM9Zn

NPItlgZn + Lj-ræ

t"sd (0" 05)

b) Fertilizer þplication

@ntroI

NPK

NPI0þZn

MKI'4gZn + Lime

I6d (0" 05)
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TTE MFESI OF' FffiTTLTZER Ëü'ÏD LDE APP],ICATXON ÇÌ{ NIIIRÏMfT
CCÐ{IETIT AND T]PTATG n{ HAI'ZE AT zTBP IN 1979"

Zn ¡,!:r
pFnì

K
9o

^^ ^t-\-d .tÞ

4"35

5"29

5"19

5"37

0 "47

0"69

0. 66

0"70

nn(

4"27 0"91

4"6L 0"81

4"60 0.85

5" 07 1" 01

0"58 45 278

0.40 45 233

0"51 81 2l]

0"49 82 115

Zn ¡{n
uglplant

22 139

27 r37

56 153

49 7L

A1

N

0"42 0"26 0"1I

KCalq
'*/ñla-i- 

-

2T

32

36

?rì

322

429
F î13JJ

430

10
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TART,F 5.20 TfFItr '*.* ffiFEgI OF rffi'rlIZEVI-'ÞF "qpptrç.1r]cN 
p+lD iäI,[-,o,^] p€su[rE

I.lAl:lAçm@TT 0N T'OXåL IitrTRImfI IryTAIG IN MAIZE AT 2l^nP (1979) 
"

Treatrrent
Residue Nutrient
Managenent þplication

K Ca Mq Zn ¡4n
nqlplant 1Lglp1ant

N

Mulching Cóntro1
NPK
NPIOþZn

}@IOSZn + Ljme

I4eans

Burn:Lng Control
IIPK
IJpI{vþZn

NPi@Zn + Linte

lvleans

Lsd (0.05) (i)
(ii)

(iii)
(iv)

1B
30
32
25

26

6

7

10

t0

1

1

1

2

(i) Betr¡¡een lþi¡r treatrrent nêans
(ii) Between Fertillzer rrearrs

(ili) Beb^¡een Fertllizer treatrrents under
one Mai¡ treatner¡t

Gv) Betr,reen IÞi¡ treatnpnts
at tlte sarne Fet:bij.lzer treaürpnt

¿o5¿5
34428
39534
595J5

35430

22I
429
431
32s
427

Èt

I
11

13

5
5
6
B

6

5¿4
328
+f,ð
459

442

320
226
?q?
239
33s

187
L64
193

o/l
J=

160

91
110
113

4B

91

743
10 34

L4 48

13 58

A
=
5
5
5

5

I
¿

3

J

1

1
l_

1

I
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ZrLu XuJ.rning in 1"978 reÊuLted in a signiffcant decrease

and l4g uptake under burnj.ng,

5"3.B Ea"n*X.ea"d dnA ml,tt.en gizLd,s and nutníznl cont¿nt in 197L

In L979 | the dry matter yields of maize ear-leaf samples

did not d.iffer significantly between mulching and burning

(Tab}e 5"21) " A similar result was obtained in L978" 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

!ìrere burned. except in the case of Mg which was significantly

higher under mutching (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, K, 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 hras 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 f-imiting as was N

despite the t'ad,equatett concentration of the F in the ear-leaf

tissue. Frobablyo a Poor maize growth in L979 resulted in a

hiEh content of P J.n the l-eaf" 'The nutrient probl-em on the
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TAFTE 5"2L TIü ffE"F,c*I 0F F.nmrnlZEV,LU4E Afi'pLIçzuTIC8,{ AND FArJr.g^I FESTDUE
Hru{AMMru CÐ{ TIIE DFH }4A[MR YTNTPS O6' NA,¡uZE EARL;EAEI

Resldue $4anagement
Nutrj-ent Ccnblnati-ons !tul-ch.ing Burning Nutrj-ent

Ety'leaf Oombi¡ration l4ean

Control

NPK

NPl0ilgZn

3.1 2"7

4"L 3"7

4"L 4"2

2"9

?o

4"L

¿t"¿

3"8

MI{vþZn + Iiime 4"2 4.2

Residuel4anaqenentMeans 3"9 3.7

Lsd (0"05) (i) Betr,veen Maj¡r treatîEnt n€ans (0.5)

(ii) Between Fertilizer rËans (0"5)

(iii) Between Fertilizer treatnents under
one l4ai¡r treatrnent (0.7)

(iv) Betr,æen }4aj¡r treatrrents
at the sare FerLilLzer treatnent (1.1)
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TABI.E 5 "22 TTU MNUCT' OF MRTTI.IZffi4fi}E APPI'TçATTCÐ{ Aû{D FAr¡I.q^i FBSTÐT]E
MA}-NM@{I CÐ{ ÏTTE NT]TRTÐ.TT CCÐPOSTTICN OF fqAiZE EAFT,EAF"

Treatrrent
Residue
l4anageent

Nutrient
Addltìon

it .ca ryK
9o

Zn l,ln
ppm

!4uIch

Burn

Control
I\.HK

NPI{SZn
MKIþZn + Ljme

IÞans

Control
NPK
NPIQSZn

NPKIvþZn + Ljne

l4eans

2"LI 0"45
2"77 0.49
2.84 0"46
2"93 0.42

2.66 0.46

2.7I L"07
2"54 L"20
2.29 I"32
2"60 1.30

2"s4 I"22

0.05 0,56 0"15

0.09 0.47 0"10

0"09 0.68 0"17

L"94 0.49
2.86 0" s3
2"86 0"48
2"9I 0"49

2"64 0"50

2"I5 1"16
2"40 L"25
2"28 t.23
2"42 1" 31

2"3I I"24

43 350
45 345
55 355
51 310

0 "26
0"18
0 "23
0"20

0 "22 340+Y

0"19
0"15
u"l-v
0"19

0"18

0"04

0" 04

tt tt\

9

10

290
320
330
¿t5

304

4B

lx

57

39
39
60
É,^

48

I"sd (0.05) (i) 0 "2I
(ii) 0.33

(iii) 0"35

(i) Betvæen Main treat¡rer¡t rreans

(ii) Between Ferbilizer treatfr€nts r:nder
one Mai¡r treatner¡t

(iii) Bet\'\teen l4aln treaürlents
at tfe sane Fer'bilizer treatrrent
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Onne soil at thís tlme may not be confined to N and p although

it, seemed that N deficiency couJ,d be more pronounced than that
of P or any other el-ement 

"

The addition of NPK resulted in a significant increase

of the leaf contents of N and Ca but at the same time, the

llg 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 Maizø gna"ín qiøLd,s, nutniønt cctnt¿nt and nufní¿nt upta"lzø
bq gna"ín in 197I .

The average maize grain yield in 1979 was 37 percent

lower than in 1978" The yields due to burning \,rere significantly
higher than those due to mulching as shown by the mean yietds

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 lncrease was attributed to

the effect of alL three elements" The yiel-d increase in 1979

due to NPK appl.icatlon represented nearly 267 per cent compared

with L10 per cent lncrease In 1-978 due to the same fertilizer
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TABTE 5.23 TTæ ffiFECT' OF TffiI'TLIZER AND tM{E APPTICATION CAT TTTE

NUTRTM.ff CÐ}TIE.TT TN I{ATZE EAFT.EAF n{ 1979.

FertiLizer .Applicati-on

Control

NPK

NPIO4gZn

MK4EZn + Lin€

rN

lfutrient Contents

K . Ca l4g Zn ¡4n
? p¡xn

2"43 I"tz 0"23 4t 320

2,47 L"23 0"I7 42 333

2.29 r. 28 0 "2I 58 343

2"5r 1.31 L"20 53 293

2"03 0"47

2"82 0.51

2.85 0 " 4t

2"92 0.45

Lsd (0.05) 0"23 0.06 0.34 0"07 0"03 27
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TAFI.E 5"24 T¡U lFFECtr OF FEKIIITTZEB/T...Ð€ APPLICETIG.{ A}qD F'ALIfr,Í RESTDUE
}ÍA}BGM,M\M ON }ATZE GBAEI\ YfEf,.qS 

"

Resldue lt{anageænt
ltutrient Ccsrbinations ltt-rl-chlng Burning

kglha
Nutriq:t

Ccrnbir¡ation }feans

Control

NPK

NPIS4gZn

5s6 595

2190 2036

1682 2233

576

2TT3

l95B

2077

l681

MIûlgZn + Ljne 1799 2355

Residue Mar¡aqeÍent ]t4eans l-537 1805

Lsd (0.05) (r) Between lbi¡r treatrrent reans (249)

(ii) Between Fertilizer neans (527)

(iii) Between Fertilizer treatrents under
one Main treaürent {J46)

(iv) Between Main treaürer¡ts
at the sane Fertilizer treaürent (687)
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ttreatrnent. However, the absoLute yteLd increaseÊ were l-605

and 1537 kglha in L97B and L979F reÊpectlvely. Therefore,

the soil- nutrient content in the first year of the fall-ow

cultívation was higher than in the second year. The lower

soil nutrient base in L979 resul-ted in a higher per cent

yield response to NPK application. When the yields und-er

check treatments (no fert.il-izer treatment) were compared in

both years, the reduction in 1979 was 6L% as compared to the

yields in 1978. This result was a confirmation of the

assertion that the soil nutrient content in I979 may have been

considerably depleted. The yield results at this site in L979

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. Ho\^rever, in the present study, the

low maize yields in L979 were preceded by a good yield of

cowpea. This result suggests that with good management, at

least trvo crops can be girown on the Ultisol in the first year

following the clearing of the bush faIlow. Without a higher

nutrient. addition in the second year, it may not be economical

to grovr crops such as maize, which have a high nutrient re-

quirement" Cassava¡ which ís the major staple food crop in

most of the rainforest areas of Southern Nigeria¡ or other

crops with a lower nuLrlent requirement and management demands

may be a better alternative.
Nutrlent concentrations ln the grain did not differ

signiflcantly between mulching and burning (rable 5 "25) "
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TABIJE 5 "25 TTIE MEESI OF' FEroTLIZEV'tSfr åFPI.'TCATICAJ AND FAT,'Ig{ RESTDUE

¡4A¡.{A@4M.{T ON NTITRTE¡TT CCÐ'PæTTTON æ ¡ßTZE íB,&IN"

fleatrrent
Resiù:e
$brngerent

-tftrtrient
Addltion

Zn
ppm

P!\ K
z

/-^ lÂ^
\.4, ELJ

l.4ri-clr

Burn

@ntroI
NPK
NPIO{gZn

NPI@Zn + Lirne

l4eans

Conû¡o1
NPK
I\IPI{VIgZn

NPIO{gZn + LjrE

l4eans

r"76 0 " 31
1" 9s 0" 34
L"67 0" 36
1.88 0.38

1.82 0"3s

r"72
1. 87
1R6
L.75

1. B0

0.38
0.33
u"+J
0.40

0"39

0"L2

0"07

0"13

nÁ?
0 "64
0" 68
0 "73

0.67

0"73
0 "64
0"82
n7e

0"74

0"19

0"13

0"22

0"0r4 0"r7
0" 013 0"18
0"014 0"20
0 " 013 0.20

0" 014 0" 19

0.011 0"20
0" 016 0"L7
0" 015 0.23
0"014 0"2r

0.014 0.20

0" 002 0" 06

0" 004 0" 04

0" 004 0" 07

28
3B
3B

JA

36
28
4L
Jö

36

nd

nd

rd

Lsd (0"0s) (i) 0.29

(ii) 0"14

(iii) 0 " 33

(i) Bet¡,een }4ain treatrnent neans

(ii) Betueen FertiLizer treatrrents under
one Main treatrnent

(Íii) Between }Þin treatrrents
at the sane Ferbil.lzer treat¡nent
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The N cont,ent in the gr4in Was below the LeVeL considered

adequate" The grain contents of P, Ku 149 and Zn were lnter-

mediate to adequate but the ca content was quite l-ow"

The grain N content increased slgnificantly fol-lowing

NPK appl-ication 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 I97B 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 (fable 5.27)" The average grain

- N uptake was 6 per cent lower in L979 than in I97B 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 L979 than

in Lg78 and P recovery from applied P fertilizer was also 10

per cent lower in 1979 than in L978" These results are an

ind.ication that. both N and P could have been de ficient in

IgTg or inefficiently utilized. However, related to the yields

obtained. in Ig7g, 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 vüas similar but Ca recovery

in the grain was 94 Per cent l"ower in L979 as compared to L978"

The low grain content and uptake of Ca suggests that Ca was

l.ost from the soiL system by leachlng and this may have reduced

the plant uptake of this eLerneni, this result partial-Iy con-
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TTN ffircI' OF FEMTT-üZER ru]D TI}F ABPUÇruTTON CA{ THE

NUMTMff CCD{CM.{IB&TTÇbI åI.ID T)PTA¡G S{ TTIE GRATN Ð{ J.979"
TåRIJE 5.26

a) FertlLlzer .Rpp!.icatlon

Control

NPK

NPKI"lgZn

NPI@Zn + Line

b) Fertilizer þplication

Control

NPK

NPKt{gZn

NPI{vIgZn + Lj¡e

l{utrien3. @ntent
K"c3lgzn
% ppr¡n

À1

,l 1AL¿ l=

1. 91.

I"76

L.82

Lsd (0"05) 0"14

Lsd (0" 05)

10

40

35

44

9

0.35

0"34

0"40

0" 39

0"05

0"68

0,64

0.7s

0 "76

nno

0" 013

0.01s

0" 0l-5

0"014

0.19 34

0.l_B 28

0.22 40

0 "2L 38

0"003 0"03 L2

N KCaMgZn
kg/ha WV\E

s 0"08 1 20

r4 0"30 4 59

ls 0"28 4 78

L6 0"28 5 79

0.03

2

I

o

ö

2 20
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TABT,E 5 "27 ,TTE ffiFEgT OF' FEKIITiIZEB4]pE åPPITTCATTON AND FAIJ.OÀI reSIüJE
Mê\I-\AGB,EVI ON TrE T01åL NLIlRÏENI {.IP|AI€ BY I.ßIZE GRATN.

Treaürcnt
Residue trTutrient
l4anagorent Môition

.Zn

rw/ha
IrllL,cl.

kglha
'¡l

Mulch

Burn

Control
NPK
NPKMgZn

NPI{ÇZn + Lirre

lbans

Control. NPK
NPIS-{gZn

t'TPIß{gZn + Line

lbans

10
4T
28
+o

31

10
3B
4I
1¿

4

13
18
TB

13

0.08
0"28
u"¿+
0.23

0.21

0"07
0"33
n??
0"33

0 "27

0.04

0. 03

0.02

0 "02

2L
57
92
B9

65

1B
61
o¿t

6B

53

1
4

t*

J

I
A
=
5
5

4

¿o
7L4
611
713

611

2

l0
9

Lsd (0.05) (i) B

(ii) e

(iii) L2

(iv) 13

3

2

3

(i) Betwætr l4ain treatrent neans

(ii) Between Fertilizer ræanÉ

(iii) BeLr,¡een Fertilizer treatrnents under
one I'Íain treatrrent

(iv) Between Main treatrrer¡ts
at Ûre sane FerLlllzer treatrrent.

4

7i
=

6

6

I

1

z

¿

20

/l I

¿ó

31
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firms the suggestlon þy Frlesen (1"978 ) that the ca concentra-

tion in the Onne sofl system coui.d become critåcally low in

the second year of cultlvation wj.thout liming" Based on

leaching studies on the Onne soil-u Friesen (L978) further

suggested that the soil Ca level could be depreciated when

the soil is fertilized with NPK without the addition of 1ime.

Both ca and Mg could be lost as nitrates and the loss may

induce their deficiencies"

It is difficult to attribute the yietd reduction in

maize yields in LgTg to the deficiency of any specific nutrient

but the results indicate that a 10wer nut,rient content in L979

was the most important factor" The increasing exchangeable

A1 content in the soit as well as the declining soil pH v'rith

time (chapter 6) provided a further indication that crop

yield decline on this Ultisol in 1979 was related mainly to

a low soil nutrient IeveI"
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5,4 Surruqåry and eonclusion

A comparison of the effects of Mul-ching and Burning

with and wJ-thout fertilÍzer and lime appl-ication 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 dj-fferences in crop yields

between mulching and- burning in the first year indicating

that the physj-cal and chemical differences between the two

residue management methods may be small" In the second year'

yietds d.ue to burning vüere 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 soiI, mulch reduced the

effect of leaching and subsequent nutrient loss " The results

do noÈ support the continued practice of fall-ow burning which

may be more labour demanding than mulching" Ho\nlever, the major

advantage of burning in this lnvestlgation seems to be the

provision of a ci-eaner seedbed which facilitates cultural

practices In the flel,ds -
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FertÍlizer appLicetion fncreas'ed crop yiel"ds ln both

years " The yield response to fertil.lzer was simllar in both

years but the actual grain yiel-d increase of maize was smaller

in the second year. The difference was due to a lower soil

nutrient leve1 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 U1tisol is required to red.uce possible

A1 toxicity but liming did not prove to be very beneficial

in the first year for two main reasons" Firstly, the ex-

changeable A1 content was Iow compared with the leve1 expected

to result in lime response. Secondly, the cultivation tech-

nique used in this investigation involved a minimal distur-

bance of the sub-soil which contains a high exchangeabl-e A1

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 A1 toxicity,

The yiel"ds at t,he Onne slte, especially of the maize,

were i-ower than at the Ikenne site at comparabLe treatments

aLthough the faLlow biomass productlon and nutrient storage
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w€re higher at the former site. Therefore¡ crop yieLds on

the typJ.caL fal-Lows 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 \¡/ere higher on the Ikenne Alf isol soil which

had a higher cation exchange capacity than the U1tisol at

Onne" The rainfall was lower at the Alfisol site and this
may have reduced the incidence of nutrient l-oss by leaching.

From results at the Onne site in particularr one can

conclude that on similar Ultisols in Southern Nigería, 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 like1y to hinder field operations, light burning is
recommended t.o 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 t.o bé carried. out to establish
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the most puitaþle level.s of N and F u The methods of N

placernent that wll,L reduce Leaching l.osses wtLL need to be as-

certained. Based on other resul-ts reported eJ-sewhere in this

thesis, the major factor affecting P availability on the

ultisol- is fixation" Perhaps, not more than 40 kg/ha of P

rnay be needed for optimum yields if a more efficient method of

application can be developed to reduce P ad.sorption. 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 0f lime

required in the first year of cultivation to lower the danger

of AI 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 ltsel-f may help to reduce the amount of

N requíred in the second and Lat'er years of cultivation. The
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cassava is particularly Sulted for the rotation slnce it Ís

the major st.aple in Southern lligeria and also has a high

tolerance for soil acidlt.y. Such a management system may be

a qfood 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 LirTe Application on the Chemical

Properties of Representative Alfisol and UltisoI Soils

in Southern Niqeria"

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

yield declines in the second year of cultivation on these soi1s,

as reported in Chapters 4 and 5 were in part, a confirmation of

the drop in the fertility leve1 of the soil especially on the

UTTISO-1 .

Generallyu 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. Irihil-e this
may be true, evidence fro¡n the present study has shorvn that

there could be substantial N loss from the residues as a resul-t.

of burning. Furthermore, burning of the fall-ow residues did

not cause a yíeld increase in relation Lo the retention of the
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residues as rqulÇh, These ohservatÈ,ong suggest that burning

was not essential as a means of retrieving the nutrients in
the fa1low bíomass 

"

The retention of the residues as mul-ch will provide soil

cover against the impact of rainfal-l- and so decrease nutrient

losses by erosion and l-eaching (l,al, L974) " 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

mulchíng¡ âs suggested above, fray account for the higher yields

obtained on the two soils where the residues were retained as

mu1ch. 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 revíewed in
literature. Some of these properties include:

(a) SoiL pH: Ì']ye and Greenland (L964) 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 burningo there

was an increase in soil pH from 4. 6 to 5 " 4 " He also reported

that the burninq of crop residues after harvest resulted in

srnal.ler pH lncreases as compared with falLow residue burning.

Popenoe (L957) reported an lncreäse in pH of the top soil from
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5"8 to 6u4n The increase w.as fol1owed by a dec].Ine to the

original soil. pH ln the second year ín pLots that were burned

but not cropped. tr{atters and Bascones (l-971-) obtalned a smal1

increase of 4"I to 4.4 in the 0-B cm ln the Venezuelan Andes"

Data compiled by North Carolina State Universlty (L973,I974),

Boyle (l-973) , LaI e.t s"L. (I974) confirmed simil-ar increases in

soil pH after burning. However, there is a consensus that

these increases are short-lived"

(b) )nganíe na.tt¿n (p¿¡t cenÍ 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
organíc matter. In fact, smal1 increases after burning have

been reported by Nye and. Greenland (L964) i 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 dilution by tillage

implements" Brams (l-97I) , 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 an]¡ pronounced decline in relation to the preburn 1evel

in Ghana. However, they reported organic matter dec]-ines in

subsequent years of cultl\¡ation" - The magnitude of organic
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matter dimunltlon after burning rnay be reJ.ated to the inítial

or preburn l.evej.. ThJ.s maln explain the dffference between the

results from Sierra Leone and Ghana slnee the organic matter

level was lower in the SÍerra Leonlan Oxisol"

Most workers in the tropies suggest that changes in the

soil organíc 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) Ava-iLa"bL¿ P: In Guatemala, Popenoe (unpublished d.ata)

found that available P in the 0-5 cm depth quaorupled after

burning of Lhe 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 (L97l-), respectívely. Urrutia (L967 ) suggested that P

was less mobile than the exchangeable bases and this immobility

enhanced P conservation in the soil. Recent studies by Boyle

(L973) and Seubert et a.L" (1977 ) have confirmed the increase

in available P after burning but the effect was not as long

lasting as was suggested byUrrutia (1967) 
"

Despite the suggestion by Nye and Bertheux (L957 ) that

P deficiencies may not be observed In the forest zones as a

resul.t of the ef f,iciency of nutrient recovery by f al-Low spec.ies,
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greenhause and fteLd f¡r¡estigations i"n earlÅer sectlons of

this thesis confirmed that F was the most def,lclent el-e¡nent

on the Alf isol. and Ultisoi- soils " Such P def iciencies are

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

is as small as was reported ln Chapter 2.

(d) Exel,tangøa,b,Le ba.t¿¿ s The amounts of the exchangeable bases

reported to be added to the soil- after burning have been

variable" Nye and Greenland (L964) showed that large amounts

of Ca, Mg and K were added by the ash" Data from North Carolina

Q973, 1974) and results obtained by Boyle (1973) and Seubert

Q,Í aL" ¡977 ) confirmed nutrient increases after burning but

the increase was less than was reportecl by Nye and Greenland

(I964) " 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 exchangeabl-e K in the 0-5 cm depth tripled after

burning but decreased by one-third of the new value rvithin only

three months" Potassium returned to its initial leve1 before

the end of the first year of cultivation" Popenoe also found

that Ca and Mg increased by 50 and 75 per cent, respectively,

in the 0-5 cm depth but returned to original levels within

trvelve months after burning" Later studies by Popenoe (1957)

confirmed that Ca and Mg moved beyond the 40 cm depth in the

first year after burningu Seubert et' a'L- (1977 ) obtained

similar results " These resul-ts indlcate' that burning may
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have similar effects on most sofi.s in t,he t,ropics but the

magnltude and duration of the effects wlLL vary from one

faIlow or soiL site to another. The Length of the fal-low,

nature of burned vegetatj-on, the soil- order, the amounts of

nutrients accreted as ash and the moisture regimes are some

factors which determine how lonq 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

(Alfiso1), where the rainfall is less, the losses due to leach-

ing may be less but they are sti1l serious especially in respect

of those elements already in short supply" FertiLízer applica-

tion is one major step taken to replenish these losses" In

the high rainfall areas of Southern Nigeria, leaching of

cations accelerates the development of soil acidity" The addi-

tion of acid forming N-fertilLzer to the already low pH soils

in the area of this study further increases the problem of soil-

aciditlz" The method of fertilízer management has been shown

by Dunton ¿t a.L" (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 broadcastinq

may red,uce the leveL of acidification, leaching loss of N may

be faciLit,ated and so N u¡jflzation wiLl. be i.imited" The

leaching of bases such as Cao t4g and K will l-ead to increased
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contents of AL in the soil and cause Al toxÍcitY,

An adequate knowledge of the changes ln the chemj.cal

properties of the representatlve soiLs in Southern Nigeria as

infl-uenced by tine, land management and fert.ilízer use is vitaI.

This information is required. to hel-p in (a) selecting appropriate

crops and cropping sequences, (b) maintaining reasonable crop

yietds 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) t.o 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,

L977 (Details are given in Section 2"3"L and in the Appendix)"

The first set of soil samples was taken from three depths of

O-7,5 ¡ 7.5-I5; and 15-30 cm, respectively and from the one m2

plots which \{ere randomly selected for the biomass studies in

Chapter 2" A t,otal 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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I^lhen the çrrt fall,ow vegetation was suffj.ciently dry, the

30 squ metre experi.mentaL plots were l,ald out. as descrlbed in
chapter 4 " The dry lltter was hurned within the plots. Based

on treatment and replication numbers, there vúere 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

¡narked with numbered bamboo stakes. These zones were per-

manently used to demarcate the soil sampling sites through

the entire period. of the investigation (Ig7g/L979) " This was

done for all plots whether the residue was burned or used as

muIch.

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 vrere taken from the

three soil depths being studied and at each of the four zones

wíthin the prot. soil samples from similar depths were then

bulked on a replicate basis" This procedure was used for arl
subsequent sampling in the field following the application of
fertilj-zer and l-ime treatment.s. The permanent samplj-ng 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

varlous dates were air-drled, sieved with a 2 mm sieve and.

analyzed as described ln Section' 2"3"2"L
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6.3 Resul"ts and Discussion

6"3"J. Tl,tø Ed[eet o{ Ûunn.{ng ola ßuah PaL,Low Røaidaet on t.he.

Ch¿niLàX- PnopølLtiø^ o( th¿ Tl¿ønn¿ A,L{l"aoL"

(a) S1L.L p\t There was an increase in soil pH of the Alfisol

following the burning of the fallow residues. The íncrease

was most pronounced at the 0-7.5 cm depth lTable 6.1] " There

\das little effect of burning on soil pH at, the 15-30 cm soil

dept.h" The rise in pH of the top soil compared favourably

with resui-ts obtained by castro de suarez (1957) and Popenoe

(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) )nga"nLe mattøn (p¿fr c¿nt C): The percent organic carbon

increased at all the three depths after burning. The greatest

increase occurred at Lhe 0-7"5 cmdepth. The observed increase

in organic carbon was most likely due to the presence of

charcoal partj.cles after burning rather than a reflection of

an Íncrease in soil organic matter per sêo Similar results

v¡ere obtained by Nye and Greenland (L964) and the same concru-

sion was drawn by these authors" The observed increa5es of

carbon at, the lower soil" depths may be due to soil contamination
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at sampl"ing oç to çoiL vartabil¿ty.

(c) Avai.La.b.L¿ ?: The available P determlned by the Brav I -
method was quadrupled at the 0-7 " 5 cm depth after the burning

of resi-dues, 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

smalI. Therefore, the increase in available P in the top soil
was only partially due to the ash. Seubert ¿l a.L " (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 organíc p

from the root,s as well- as from the leaves of fallow vegetation

prior to burning" While this may be true, there was no proof

of such mineralizatj-on 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 soit during burning

could also increase available P. There was evidence that
available P in the lower soil depths was affected by these

processes alt,hough the effect was less than was obtained in
tha {-nn cnì le"-Y

(d) Exehangea"bL"e. ba^Q,,s (Ca, MS and K)¡ Burning resulted in
a considerable lncrease in the so1l contents of these bases"

The Íncreases v¡ere highest in the top 0-7"5 cm. The K content

at the l-ower soii- depths was not affected by burning" Although
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there were increases of Ça and Mg at the lswer soil depths

there appeared to þe nQ corresponding lncrease in soil pH at

the t5-30 cm depth in particul.ar. This may be an indication

that sampling variation was smal-I or the Al-fisol was buffered

against sharp changes of pH at that depth. Itrye and Greenland

(L964) 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

vÍere 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) Ava"í!-o,b.Lø LÁn: This increased after burning and at all

three soil depths" The increase was more pronounced at the two

lower soit 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 A1 before

burning and because Al toxicity has not been reporLed to be a

problem.
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mlE ffiF'ECi OF' BUS¡Ì FAT"IPW SI.EIRTNG A}TD BI]B}IING CTü fHE
Fo K¿ Ça åi{D lvlg CQÌ.IIE$IS fN IKENIìE SURFAG (0-7.5 c:n)
SOTI.

Sanples Iocation NuLrient Contents
1' 

^^r\Ld lq
kgßt¿¡

ÏKN\]NE

(1) Soil (Before slashing and
1. "r-i -alul,,rtuLYl

Vegetation

Plant Ash

enì I lÄf+ar ¡la\¿&eu! -,-arrng
and burning)

I natl.êâqêq

(2)

(3)

(4)

6

I

l5

57

50

B

15¿

I72I

49

15

2465

349

¿Y

B

525

t1 75 744 L76



-240-

6,3,2 The Ed$eet, aó Bunnl"ng aó ß;uah Fa.LLou) Reaidu¿a Qn the
C[tøn,cca,L ?nopønt¡,ød o ( t,l,te. 1nne U.Lt,çaç,L,

(a) SoiI, '¡t{t The soil pH in the top 0*7"5 cm depth increased

after burning but there r/\ras 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 Ïkenne site" The differ-

ence r^ras probably d.ue 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 cm layer was comparable

with values obtained by Suarez de Castro (1957); Popenoe (1957)

and tr{atters and. Bascones (L97I) on similar Ultisols"

(b) )nga"níe matÍ.¿n (pen c¿nÍ C): The

differed from those at Ikenne in that

C at the top 0-7. 5 cm d.epth was lorver

no noticeable change at the lower soil

results obtained at Onne

the increase in percent

at Onne and there was

¡1an'È1.r c

(c) Ava-i.La"bL¿ P: There was an increase in availabte P as

determined by Bray T-method, at the 0-7"5cm depth but it was

proportionally lower than the increase obtained at Ikenne"

Although t.here was no pronounced change in the available P

contents at the 7.5-15 cm depth¡ yet there was a noticeable

decrease at the 15-30 cm depth after burning" This result

was probably due to sarnpling or analytical error" Generally,

the high available P l-evels in the Ultísol could be mis-

leading because the acid extractänt used in the Bray I-
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procedure may (,Tuo, personal communication) extract significant
proportions of AL-bound P which is the dorrrinant fraction in

acid Ultlso1s, This over-estimates available P in this soil"
Besides, several IITA scientj-sts have reported P deficiencies

at Onne in spite of the high avail-ab1e P content" Results

of greenhouse studies discussed elsewhere have also confirmed

this observation"

(d) Exehangøa"bL-ø ba"'sø,s (Ca, lvlg 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 rvas obtained at fkenne " Seubert

zt aX-. (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 t K¿ Ca and Mg contents after burning (as shown in the appro-

priate Tab1es) were more than coul-d be attributed to the effects
of burning" The calculated íncreases in t.hese elements were in
general- higher than were reportedly recor¡ered. 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 biomåss were accounted for bv
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TABI.E 6 " 4 TTIE tr¡ECN, OF BUSH FAI"¡T.CX^I Q.EARTNG ¡tj.ÏD BUMÏN\TG CÐ.T ITIE P' K,
Ca ål,lD ¡g CCATIB\TIS II\T OIIIE SUFFACE (0-7"5 crn) SOIL.

SaqlLes Location Iüutrient Contents
a, 

^^'^ l-Ct ¡,q
kg/ha

ONNE

(r) Soil (Before slashìng
and burning)

Vegetation

P1ant Ash

Soil (After clearing and
burrring)

Increases

(2)

(3)

(4)

Lzt

30

6

138

L7

70

220

¿U

14s

296

r4l.

33

663 115

53

tv

9

62JO/75
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nutrient Çontrlhution from the eshu seubert et 0.,L" (1977)

postu]-ated that a rapid mineralization of the organically
bound nutrients within the fal-low system during the intervar
after slashing and before burning vras a major reason for the
increase. '¡lhíIe such a minerai-Ízation process is plausible,
it cannot be substantiated in this present study for reasons

suggested elsewhere in this chapter" rt 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 potential
of high levels of ash was investigated, did not show a marked
j-ncrease in nutrient recovery in the plant as a resul_t of
extremery high Ievels of ash. similarly, raboratory invesLiga-
tion of the effect of heating on soil- nutrient release did
not provide evidence of increased nutrient availability due

to soir heating at temperatures comparable to those thar are

commonly attained in the field"
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6"3u3 A Conpanl^aon qú LIu,Leftt.ng and ßatLning wiÍh and tuÍtl,touÍ"
F en tt ,(,,cz en Aysyt.Lt cøtio n o n t\t¿ C lt¿nì"ea*L P no'¡t ¿ntiøt o 6th¿ A,L{àdo.L,

Changes in chemical- properties of the representative

Alfisol and Ultisol soils durinq the period of the present

investigation are an assessment of tfre fertility =aua,r= of
the soils as a result of both residue management and fertilizer
treatments" They may help to explain the decline in crop yierds

obtained on the two soil-s in the second year of the studv"

(a) SoíI- pH

(i) E{{øct o d R¿¿ídu¿ T¡t¿a"tmen.t :

The mean values of soil pH taken at different dates

shov¡ed 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 \^ras more pronounced during the first
month than at the latter stage of the study.

Where the fallow residues were retained as mu1ch, the pH

values at the 0-7"5 and 7"5-15 cm depths were about the same but

they .werre higher than at the l-5-30 cm depth during the first
six months of cultivation (Fig" 6,2) " Ðifferences in soil pH

among the depths were snrall- af ter the f Írst six months.

!{here t,he residues were burnedo the pH was higher in the

0-7.5 crn soil depth than in either of, the lower depths during

the fírst six months after burning (F19. 6"3). The soil- pH

in the 0-7.5 cm depth was hlgher'than in Èhe other depths,
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partÍcularly during the fårst month. In the 7,5-15 ancl

l-5-30 cn depths n the pH of the soiJ. was the same during the

first two months but became higher at the 7.5-l.5cm depth in
the subsequent months precedlng J\ugust, L978" After this
date, the pH of the soil at all three depths was practically
the same, and showed a definite d.eclininq trend.

(ii) Eddøcf. od F¿tttiLíz¿n T¡tøa"lment¿:

I^Ihen the residues lrere retained as mu1ch, the pH varues

in the top 0-7.5 cm depth of check treatment were the same as

when P and K were apptied without N (nig" 6"4)" Nitrogen had

a pronounced depressing effect on soil pH of the Alfiso1 v¡here

the residues v/ere retained as mulch. The presence of cu2+ in
the N-SOUrce USed Cid nOt ¡rr'ì'l'ifrz #ho affc¡:1- of N nnnljg¿f{6¡

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, r97B

the changes in pH at the 0-7.5 cm depth were similar to those

obtained under mulching" In the second year of the studyu

the pFI values for check and PK treatments were the same and

higher than for the other fertilizer treaLments.

(b) 0rtgønic na.tterL

(i) E{døet o{ R¿¿idu¿ Tn¿atn¿nt¡

There were no marked differences in the soil orqanic
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natter Çontent in the top 0-7 u 5 cn depth on nulched as compared

to burned plot,s (Fig" 6.6) " Al.though there were fLuctuatj-ons

in organic matter level-s at different dates, the differences

observed were probably due to sampling varíation 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

r''.rarkedly af ter June , L97 B "

Similar results as reported for the organic maLter changes

with mulching r,rlere obtained where the residues were burned

(nig. 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 l-eve1"

(ì-,1) Ed(ect aó l¿ntíI.izQ-tL TtLeatn¿ntt

There t{ere ai-so no marked changes in the Ievel of soil

organic mat,t,er in the 0-7 "5 cm depth as a result of fertilizer

application whether the faIlow resj-dues were used as mulch

(rig' 6.9) or burned (Fi9" 6"10) " The effects of nutrient

combinations on soil organic matler content in the top soil did
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not differ frçn thr.e general. trends shown in the above iIlus-
J--^+..i ^*^Lr c( LILJTTÞ e

Long term studies conducted in Ibadan, Nigeria (rITA

Annua1 Report L973) indicated that yiel-c1 declines on the

Alfisol could be due to a reductlon 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 vields "

(c) AvaiLab!-¿ P

(i) E(dect od R¿¿íduø Tnøatm¿nÍ:

The mean available P values determined bv 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 1eve1s shown in the

top soil as a result of residue treatments were minor"

(ií) E{døcÍ. ct( F¿n-tiL-íz¿n Tn¿atm¿nt.:

The application of P in combination with ll or K or N and

K caused a sharp increase in available P in the 0-7 " 5 cm depth

under both rnethods of residue treatment (Fiq" 6"12) " Flowever,

this increase was pronounced in re].ation to the check and NK

treatments only during the first two months after fertilizer

treatment. In subsequent rnonths of the study, there \iùere no

differences in avaiIable P LeveJ-s in the top soil- among the

fertilizer treatments .
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(.d) Exeh.ang¿ab,L¿ ba"¿ea LCø,, Mg s.nd KI

(¡-) E(1{zet o (s R¿a,Ldue Tn¿atne-nt t

The a\¡erage values of the exchangeabl-e bases in the top

0-7"5 cm soil depth suggested that there lvere no marked varia-

tions as a resul-t of the methods of residue treatment (Figs"

6"13, 6"I4 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 vear period in

v¡hich this study was conducted"

The trends obtained in the lower soil depths were

similar to those obtained in the top soil. During the latter

phase 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 fertj-lizer in Februãyy,

1979. However, when similar application was made in L978, it

was not reflected in increased levels of Ca, Mg and K.

(íi) EIdøct od t¿ntil-Lz¿rL TtLQ-a.Í.mønt.:

The addition of fertilizer elements did not

re<r'r'l t ì n ^ rrrónounced deviation f rom the trends reportedqr-

above in respect ôf the exchangeaþle bases" In general, it

wauLd appear that the fertil-ity level- of the Alfisol was not

markedly depleted as a result of trvo yearsof crooping" Probably'

there may be the potential for obtaining a good crop ylel-d in
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a thlrd year fol.Iowing a slrnll.ar management pracrlce as in the

preceeding two years"

(e) Exeha.nge-ab,L¿ Mn

(i) E([eet oó R¿¿iduø a-nd F¿tttíLizøn Tnøa"tnøntt:

There was no difference in the exchangeable Mn lever in
the top soil between mulching and burning when check and the

PK treatments were compared (rig. 6"16)" I¡trhen fertilizer
treatments containing N \¡/ere applied, the Mn level in the

top soil became higher under mulching than under burning.

Under the mulch treatment, the l4n l-evels were the same

for both check and PK treatments and they were lov¿er than for
other fertilízer treatments. I{here the residues were burned.,

there were no real differences in the Mn level-s 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 I{n l-evel. 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 Canytan,i"aøn só l4n,(.ettt^ng ø,nd ßunn,ing witlu and u)ith.out
Pent,4,L,î.zsn ø,nd Ll,ne App,Líeat,Løn an t.he. Ctten,i"eq*L ?nopøntiøa
o (s th"¿ 0 nnø UX.t,t¿ o .L 

"

(q) Soí,L pH

(i) Ed(øct o{ R¿lídu¿ Tn¿a"tme.ntt

The soil pH values taken at different dates were hiqher

in the 0-7"5 and 7"5cm 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 thror:ohorl- t-ho strrdv

period 
"

tr{here 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" rn contrast, where

the residues were burned, there were considerable differences
in pH values among the depths sampled. Wit.h this residue

treatment, the pH values in the top 0-7.5 cm depth lvere 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 \Árere less pronounced than

those between 7"5-15 and 15-30 cm depths. However, in sub-

sequent months, the diff,erence in the pH values between the

two lower soil depths became i.ess as compared. with that between

0-7"5 and 7"5-15 cm depths.
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l¡"L) E[dzct od Íent¿LLze.tc and Line Tn¿a",tnentt¿

\tith the mul.ch treatmento there were no real changes

of soil pH in alL the three depths fol-lowlnE the addition of

NPK alone or MgZn in combination with UPX (fig. 6.18) " How-

ever, liming had a pronounced effect on pH of the top 0-7 "5

cm depth" Although there \r7as some effect of liming on pH at

the 7"5-15 cm depth, this was noticeable only after the first

six months of L978, probably due to downward movement of 1ime"

Similar results were obt,ained where the residues were

burned but the effect of liming on the pH of the 7 "5-L5 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 l-ime. Liming had no effect on

the soil pH in the 15-30 cm depth with both mulching and

burning treatments.

(b) SoLL 0nga"wie matt¿n

(i) Eddøct o( R¿tidue Tnøatme.nt:

The soil organic matter levels in all three depths and

at the dÍfferent dates of sampling \^Iere about the same with

both residue treatments (fig. 6.20) " Generally, there was no

pronounced decline in the soj-I organic matter level after two

years of cropping as compared with the Ievel prior to cultiva-

tion" This result seems to contradict Bramrs observation

(1971) in Sierra Leone where a rapid organic matter decline

occurred after only one year of pultivation on a similar soil"
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Hov{ever, the Ftesent study confj,rms results of }{ye and Green-

Land (1.964); LICSU (1"973) who found no rnarked depl-etion of soil

organic matter status after the flrst year of slash and burn

cultivation "

The effect of retention of crop residues could not be

ascertained in this trial but, as suggested by LaI (personal

oommunication), the practice of retaining crop residues

effectively reduces the magnitude of soil degradation in high

rainfall areas of Southern Niqeria.

(ií) E(1(øct o(¡ Føn-ti!-ízQ-rL a-nd Lime. Tnøa"tmønt¿:

There were no major changes in soil organic matter

contents as a result of the addition of nutrient and lime.

(c) Ava-LLabLø P

(íl E{døet od R¿,sídu¿ Tn¿atm¿nt:

The available P contents in the top 0-7 "5 cm soil depth,

as det.ermined by Bray f-method indicated that there were no

differences as a result of the method of residue manasement

(fig" 6"2I) " Generallyo available P levels reported are very

high even when no P was added" This observation is probably

an indication that the procedure used for det.ermining available

P in this soil may not reall-y be a reliable measure of plant

available P.
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U"f.I Eúl¿et s (: F ent¿L,tzen A'¡:pLica.tf,ont

I.tith both resldue treatrnents, 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

rnulch. I^Iith 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 JuIy, L97 B even

where fertilizer was apnlied"

There was a rapid increase in availabl-e P in the top

soil in February 1979" This may have been due to the application

of fertilizer prior to cul-tivation in L979 but a similar increase

noted where no fertíIizer 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 NPI( treatments" Phosphorus deficiency symptoms

observed in check plots were not observed in NPK plots but tissue

analysis (Chapter 5) indicated that P was limiting even where

P was applied. Thereforeo the deficiency of P may have been

masked in the fieLd where P was applied.

(d) ExchangQ.0"bLQ. bat¿t (Cau Mg and K)

(i) Ed{ect o(1 Rødidu¿ Tnød-tm¿nt:

The average exchangeable Ca values measured at different

dates were nearll¡ the same for mulching and burni.ng in
all the soil depths (n'ig" 6t22) " However, the exchangeable
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Ca in Lhe top BoiL (0-.7.,5 crn) Has sl.iøhtly higher under

burning, probabLy due to the base cont,ent of the ash. The

difference in exchangeable Ca values between the residue

treatments, seemed to increase with time, especialllz between

'July, L97 B and June ,1979 "

In the 7"5-15 cra soil de:pth, 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 , L979 " fncrease 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
JuIy , L979 

"

(ii) E(tó¿ct od F¿n-tiLíz¿n o,nd LLmø Ttt¿a.tmønt¿:

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 (r'ig" 6.23)" The exchangeabte

Ca in this depth was markedly low in July o L97 B where neither

fertilizer nor lime was applied" There was an increase in the

level of exchangeable Ca after July, I97 I as a result of lime

application" This increase was sustained until June 0 l-979 after
which the l-evel again decl"ined"

There appeared to be a pronounced increase in exchangea-

bl-e Ca Level in the first six months of LgTg as a result of
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NPK application, At the same tirne¿ NPK aPpLied in combination

with !4g and Z\ caused A decrease of exchangeable Ca" This

decrease persisted tíl-L the end of the study at which time,

the exchangeable Ca leve1s were nearl-y the same for all

treatments "

Similar results were obtained where the residues were

burned except that in L97Bu the effect of liming was noticeable

during the first three months of cultivation" Between July,

I97B and June L979, exchangeable Ca level in the top 0-7"5 cm

depth under burning increased tremendously aS compared with

leve1s prior to July, L978" The increases were comparable

between NPK applied alone and IIPK applied with Mg and Zn but

the increase due to lime was most profound and difficult to

explain. In subseguent 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

\ifere very minor dif ferences between the residue treatments "

The changes in these chemical properties during the sampling

per,iods 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 mobll-ity of the different ions "

Where differences occurred¡ âs in the case of Kr they were

noticeabLe ln the first one or twç months after cultivation"
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(e) Exehø,ngøeb,Le A,L ø"nd, Totø.,L SoiL Ac,|d,lt,y tff ,1, AL) 
"

(i) E{(øct o d Rea,tduø Tft¿atn¿nt¡

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 A1

was most marked during the first two to three months after
burnj-ng. Although the exchangeable A1 was shown to decline

considerably in those first months under both residue treat-
ments, the effect under murch was attributed to the influence

of lime application"

Generally, exchangeable Al in the top soil depth increased

rapidly with time, attaining faírIy high levels by the end of

1978" There was little noticeable change in exchangeable Al

Ievels in the first six months. in L979. However, by August,

I979, exchangeable A1 contents in the top soil had increased

beyond the precultivation 1eve1s where the residues were

burned "

The total soil acidity trends, as with the other chemícal

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 acidÍty due to fert.ilizer
treatments under mulching were nore uniform as compared to the

observed changes under burning. Agaln, this difference may

be due to the addJ.tional- neutrallzing effect of ash. The

effect of the ash was quite noticäabl-e under burninq where it
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reduced the total acidity during the first, month after burning"

Llming reduced totaL soil acldity especlally 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 time" Liming in general

herped to maintain low levels of soil acidity in the urtisol
during the period of the investigation"
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6u4 Surrunary ênd Conc].usions

The effect of bush fallow burning on soil chemical

properties and changes in these properties as a result of
fall-ow residue management, fertilizer and lime application
\^/ere investigated in two representative Alfiso] and ultisol
soils in Southern Nigeria"

soi] samples for the study v¡ere taken from 0-7.5; 7.5-L5;
and 15-30 cm depths after burning and through the two years

of cropping on both soils. Lime was applied only to the ul_tisot
which had a lower soil pH"

Burning of fallow residues increased soir pH, organic
carbon, available P and exchangeable bases but the increases

were confined to t,he top 0-7"5 cm soil depth" The resulting
increases in exchangeable bases courd not be accounted for by

nutrient content of ash suggesting that other processes besides

burning might be invorved in these increases. The effect of
the increase in these properties \Áras short-tived probably due

to t.he low amounts of nutrients added by the ash per se.

Rr¡rni nnes!¡rr¡¡y and mulching regarded as residue *arr-n"*"na
method.s, had. similar effects on the soil nutrient contents

during the two years" where differences were observed, they

were noticeable during the flrst few months of cropping in
the f,lrst year" other minor differences were regarded as

sampllng varlations rather than a reflection of real- differ-
ences, GeneralLy, chemical fert.ÍLization increased the l-evel
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of the specifi.c element appl"ied but, the- ef,fecL of fertilizer
on soil- chemieaL propert,les dlrninished as cuLtJ.vation was

extended beyond the first year"

The reduction in base contents of the Ultiso1 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¡ âs crop-

ping was extended, the exchangeable A1 íncreased to a gireater

extent than did the total acidity" The total soil acidity
was maintained at leveIs lower than the initial leve1 before

cultivation in the first year"

The conclusions drawn from these result,s 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 content.s of the ash were discussed

elsewhere in this thesis.

The increases in the chemlcal properties of the soiI,

such as pH, available P and exchangeable bases after burning

are short4-ived and not Ì^¡hoJ.ly due to the effect of ash.

Mlneralization of organicalLy-bound nutrients from roots of

fal"Low plants and decomposing resldues can occur if the
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{ntervaL between F1ash{¡g ¿nfl þqrning is long" This mineraliza-

tion as welL as the effect of heatlng rnay add to the increase

ín soil 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

manag'ement are really similar, with and without fertilizer
application.

The more pronounced decline in soil chemical constituents

as well as the increasing acidification of t.he 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 1eveIs of soil nutrients
as compared to Lhose 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 GeneraJ. SumJnary end conclusions

The improvement or repLacement of bush fallow as

praetlsed in Southern Nlgeria with a vÍabl-e alternatlve must

be based on a good understanding of the present system. As

a contribution to understanding this practice, field and

laboratory studies \¡rere undertaken" The investigations were

designed to:
(i) qualitatively describe fallows and the practice of

f allowi-ng;

(ii) quantitatively 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

l-ength (age) of the fallowu the amounL of rainfall and the

fertility status of the soiL" Secondary bush regrowths and

forest-type \¡eget,ation praduced higher dry matter yields than

the f,aLLows dornlnated by grasses, While high rainfaLl favoured

intense growth of fai.Low species* the fertlLity of the soil

deternined t,he extent of, growth Çuring the faLLow period"
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At.though tårqe [).ength of fa].Low) seøqed very important in

this assessmentf it had no dominant inf]"uence over the amount

of dry matt,er Produced"

Both yieLd of plant blomass and nutrient content per

gram of dry faLlev¡ materia]. varied conslderabty and this

resul_ted in pronounced differences in nutrient storage anong

the f al-Lows. Nutrient storage Like the yiel-ds of the f allow

biomass varied wÍth type of plant species in the vegetationn

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 t'he fertility

of the soi1" High rainfall may have increased the loss of nutrients by

leaching and thereby limited the abilit'y of the fallow species

to recover and hence store nutrients in the above-ground parts '

Thequantityofnutrientscollectedasplantashateach
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 ylelds of the fallow biomass also

af,f,ected the nutrLent storage in the Pl'ant þiomass and in the

ash" In addition, the intens.lty or degree of burning was

another factor which may have lrifluenced the nutrient contents
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af the ash*

Ternperatures attained during burning were monÍtored

at the soil-Lit,ter interface and at the 5 cm solL depth" The

temperatures were found to be lnfruenced by the duration and

intensity of burning" Both of these variabl-es \4rere deter-
mined by the amount, type and spatlal distribution of the

fal-l-ow residues" Àt the soil-Litt.er fnferface and at the

5 cm soil depth, temperatures obtained ranqed from 60 to 570 c

and. from 30 to 70 co respectivery. High temperatures at the

soil-litter interface were not sustained for more than 15

minutes, and at the 5 cm soil depth, the duration of maximum

temperature was even less " There \^¡ere no noticeable changes

in color of the soil in the two zones as a result of burnÍng.

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"

rn these spot,s, the soir 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 conditfons, heating the soils to
temperetures l.ess than 20A C had no þenef fcial or det.rimental

effectso but heat,ing t,o 200 C darkened the soiL color and

reduced soil organlc carbon content, At tem¡leratures of
400 * 600 Cu soil eoLor v\¡as changed to redder hues, Soil
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arganùç cerban þ¡ss vlrbually destroyed end t,he proportion of

sand-size partl.cJ.es increasedu At t,he saÍRe tåmer

extract,Able NH*-N, avalLeble P' exchangeabl-e Mn and Fe

lncreased" Heating the soiJ.s beyond 6 hours at the

seJ.ected ternperatures did not change the results.

Growth and nutrfent uptake by maize grovùn on a previously

heated ULtisol soil- was studÍed in the greenhouse" The effect

of heating on 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 Co they were depressed and the reduction

was significant at 2OO C. Although the addition of fertilizer

improved maize performance on the heated soil, the depression

caused by heating was'sti11 observed.

The effects of plant ash on maize d.ry matter yield.s and

nutrient uptake \^Iere also investigated in the greenhouse. The

ash was added at Ievels which were estimated to be the same

aS or up to four tímes as much as was obtained in the field

afberburning. Neither the dry matter yield nor the uptake

of nutrients was significantly improved using the amounts of

ash equivalent to the fteld level-s. Adding levels of ash in

excess of the fiei.d amounts increased maize dry matter yield's "

Plant recovery of nutrient,s Such as K and Mg was increased

when the excess arnounts of ash were broadcast as compared to

when they w€re mixed ln the solL, However, this ímprovement
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was nqt pranounÇed Éuggestång t,hAt the import'ance pf the ash

as a soutrcç of nutfients WAg SmaLL. The pl,ant recqvetry of N'

P and Ku el/en with high anounts of ashr was 1ow"

The greenhouse studles confirmed resuLts obtained in

t,he field that, P was more limitlng than either N or K on both

the Al-fisol- and Ul-tisol soils used" The low recovery of P by the

maize even with high leve1s of ash suggested that the ash was

a poor direct source of P" Incubation studies showed that

the ash was inferior to KHTPO4 as a means of increasing the

levelofPin the soil solution. However, the ash decreased

the adsorption of P added to the U1tisol as KH2PO*"

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 leve1 equivalent

to the neutralizíng 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 wíth the soil was íncreased. Such an increase in

soil pH rnay occur in localized spots in the field"

Fiel-d stuclies were undertaken on representative Alfisol

and Ultisol soils to compare the influence of bush fallow

residue managementr fertil-izer and líme treatments on the

productivlty and fertiLlty of, these soi].s during a t\^¡o-year

period" Bush fall,owj.ng had a beneflciaL effect on crop yÍe1ds"

The ylet ds of maize on t,he two qolls were high foLl-owing the
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fall.ov¡ e5/en w'ihhput the addltion cf fertiLizer, Cowpea yíelds

after the firçt rnaize erop were cornparable to those reported

frorn other studÍes in the area"

The average y1elds of maJ-ze and cowpea on the Al_fisol

in the first year \,{ere higher with the mulch treatment than

where the fall-ow residues $¡ere burned but the yield differ-
ences were not statistically significant. There were significant
yield increases of maize in the fj-rst year due to NPK application
but the increase due to any one element was not significant"
The addition of I4g and Zn applied with NPK caused a significant
yield increase of maize on the Alfisol during the first year"

Cowpea on this same soil did not respond significantly to the

residual effect of fertilizer. There was, however, evid.ence

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 yields.

In the second year, maize yields on the Alfisol declined

s1ightly. Despite this reduction, yfelds 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 sÍgnificant as vlas the case in the first
year. The lack of significant response to N on the Alfisol
during the second year may poscibly be due to the enhancement

of N status of the soiL by cawpea in the f,lrst year" This

suggests that the introduction of a good legume j-nto the rotation
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in th.e first year rnay reduce the anount of N needed in the

second year of cuLti,vation on the AIf lFoI u

In the flrst yeqro maize and cowpea yiel-ds on the

Ultisol were similar to those reported on the A1fisol" How-

ever, when maize yields on the two soils were compared, yields

on the Alfisol were two and three times hígher than yields on

the Ultisol, with and without fertilizerr -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 U1tisol in-

creased yields of maize but the increase was not significant.

In the second year, maize yields declined considerably

on the Ultiso1 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 yields, these yield reduct.ions were exactly twice as much

as occurred on the Alfisol"

The yields on t.he burned plots were significant.ly higher

than those under mulching in the second year but the total maize

yields during the two years were still higher with t.he mulch

treatment. Yield responses to fertilj.zer application were

similar to those in the first year" There was also further

evidence that both N and P contents in the tissue were low

confj.rmlng that the tv¡o eLements may have been mutual-ty l-imiting.
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Response t,o residual lå¡ne ån the Fecond yeør was not significant
al.though there was qn lncrease in malze yj.el.ds with the IÍrne

treatment 
"

Burning the bush fal-l-ow reEldues resuLted ln an íncrease

in soil" pH, organic carbon, avail"able P and base contents of

the two soils" Burnlng also decreased the exchangeable AI

and totai- soiL acidity of the UItisoI. 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 ín 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 treatmenÈs" 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 decl-ine was more noticeable where

the residues were retained as mulch than where they vTere burned.

Nitrogen application induced a decline in soil pH values in

the A1f1so1" There w_as no measurable decline ín soil organic

matter leve1 throughout the two years. While burning and t.he

additÍon of P fertiLizer j-ncreased avallable P on this soiI,
the level- of P decreased wlt,h t.ime such that a Lower level of

P was present J,n L979 than in L97B prior to cultivatj-on"

ChanEes fn exchangeabl,e Ça, Mg and K levels were simil-ar to

those of the aveiLable P but the decline was not very pronounced
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in the seeond year on the Alfåsol,
The chanEes in the soll" chernical propert,ies on t,he

U1tisol were again EimiLar to those reported on the Alfisol
except that the changes w€re mo3?e pronounced in the second

year than was the ease on the ALfÍsoL. Liming the Ultisol
increased the soil. pH and eaused a pronounced drop in
exchangieable Al and total soil acid.ity, 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
acidíty increased. Although the exchangeable A1 1evel was

higher in 1979 than in 19780 Lhe total acidity in 1979 rvas

still below the level in 1978 " The increasing soil- acidifica-
tion was due to the rising level of exchangeable Âl 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 litt1e
potential, to supply nutrlents in t,he amounts and for the duration

required for profitabl,e crop production" There seems to be no

Pronounced diffetrence between t,he retention of, tlre resldues as nulctr

and the burning of tlrese residue.s as is cqrÍrpnly done þ tlre j-ocal- far:ners"

I4ulching may be a ktter netM of handting tle resiåres on l-ands that
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are predåspogq6 to erosian Rs on the alopes of sorqe atreas in
southeastern Nigeria, In qreag where $oiL eroslon is not a

problemr mulching may stil-l be an efficient way of conserving

nutrients fn the system since they wil-L þecome sJ-ow1y avail-able"

(2) The Al.fisol- soil fs relatively more fertile than the

U1tisol soiL and has the potential for supporting continuous

croppíng profitabl-y, 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 thÍs soil could be used mainlv for q'rain

production.

(3) The Ultisol soil would appear to be capable of producing

fairly good. yields of maize and cowpea with fertiL|zer 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 nutrient levels will be unprofÍtab1e and hence

unr.ealisLi-c. The rapid depletÍon in soil- nutrients in the

second. year on the ULtfsol- wouLd seem to suggest that this

soiL may be profitabl.y util,ized fn the secend and subsequent

years for root crops such as cassava" These are the main

stapl-es in the area and have the. advantage of easy plant.ing
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And mAnagementu They 4fe u5u¿ll.lo rqofe PfçdUct,l,Ve Qn J"ands

with short, fal].ows"

(4) The maintenance of adequate N and P J.evel-s in both soils

and the reduction of exchangeable Al- contents j-n the Ultisol

in partlcuJ.ar appear to be the most lmportant factors f-imiting

the yiel-d 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

toward.s the establ-ishment of adequate nutrient combinations

especially of the three major elernents, to ensure balanced

fert,ilization and profitable economj-c returns 
"

The introduct.ion of efffcÍenÈ N-fixinE legumes into

the cropping rotations shcul-d be expl"oped especially on the

ALfisol, where t,hefe |s an lncreased chance of reducing the N
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leve],s required in sqbsequent yearsu The reduction ln N

costs as well. as t,he dietary variety çhtained by a grain-
legume based cropping system cannot be overlooked.

slnce the uLtlsol does not appear to have the potential
for the contj¡uouE cul-tivation of grain crops, future research

should be di-rected to the likery benefits of root and tuber
crops which have lower nutrient demands than the grains,

and which have tolerance for high soil acidity caused by Al"

Liming of the acid soil will stiIl 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 suit,able time for rime apprication. The

level of lime required will be based on the knowledge of the

concentration of exchangeabre A1 and its changes with time.

In primary forest areas, burning may still be used

as a means of reduci-ng the quantity 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 characterist.icso should be investigated" On-

going research at severar centres j-n the area on the amounts

and. sources of other essential elements required to produce

good yiel-ds should be strengthened" Special- attention, however,

shoul-d be paid to the economics of production" These studies

proper}y co-ordinated wil-l- provide e baLanced picture and

establish the base for the expeeted green revolutfon in
Nlgeriae .
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1." Irifometion on tlie site (tkenne - Alagba soil series) '
* Soil- Cl-asslfieations ftrtrie NitosoL (FAO) i Oclc Paletstal-f (USoa);

* Date of exanination: 12 July 1973 by F,R" l4corTrarur and P" Ie Mare

* Locationr 60 50 fN, 30 4l-t Er IKBIilIE, Iåm SÞtion, Western State,

NiEeria, near S.W" ærner of Blod< 27"

* E1evatlon: 55 m

- I;1nd form: C,ently rurdulating Pleo-Pleistocene terrace (Continental

Tenninal-) "

- Slope: 4% SW, t]-e profile is sitr:ated on the lcn¡er part of a long

straight slope"

- Vegetation: Dense regrcn'rttr of. EupafonLum adona,f,un after clearing

and several years of cultivation"

2" @neral i¡rfonnation on the soil

- Pa:¡ent material: deeply weathered clayey sedj¡ents, r:niform in

litlology and textr:re to a depth of at least 4 netres"

- Drainage; well drained; rapid prrreability; no visible irçedence in

any 1a1er or horizon to deptlr of obsen¡ation.

- I4cisture cond.itions s n¡cist pnofile tlr:sughouti \æt i¡l rpper 40 c:n

after hear4t rains"

- Gnor¡rô¡¡a@r; no gror:n&nter at any tjrre of tlre year to profil-e depth.

- Biological aet:ivity: wor:n casts at tFre surface; subterranean tennite

cfiarnbers, W b 15 ç1n deep in several places in tlre profile.

- Hwnan activities; pieces of poÈtery scattered th:rough upper 50 crn.

3. cldnerâI aspect of tfiê soil

Deep, red c]-ayey soil r¡¡it]- æarse loanl' surface soil r.p to 30 c:n j¡r deptht.
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1" Infonrtalion on the SiF (û'rne .') 
"

- Soil. Classlficationt Tþic PaleuduLt (Catabar Fasc" of H. Cline) "

Flne Loamy sil-lclc isohyperttrer:rLic 
"

- Date of exanrination I7/B/75¡ F'R. !þormann and I{' Veldkarç'

- Iocation: Bush regrrcn'rth imreôiately uest of cLeared area' approxìmately

150 rniles from the substation"

- Iånd. form: f-cpuer terrace, flat, no rnioroto¡rcgrraphy

(i) PhysiogrrapLr-ic position: I.cnlær terrace
(ii) Sr:rounding land form : Flat

(iii) t4icrotoPograPhY: nil

- Slope: Flat; less than I?

- Vegietati-on: Fairly dense bush regirowth after shr-iftjlg cr:ltivaticn"

Fa1low s¡recies døni¡ratd mainly by Awt!ønn-tama"ctup!'tqLb arñ A!-chonn¿a-

cottdidol)-a",

2. General i¡rformaton on the soil

(a) Parent material: Pleo-Pleistocene narj¡re terace, clayey.

(b) Drainage; trrtrell to nu¡derately well draj¡ed, no nrcttling at depth

of obsen¡ation.

(c) tbistrre conditions in pr:ofil-e; I6ist to wet throughout.

(d) Depth of gror:nåmater: Þeper than obsen¡atlon; stagnant rvater in

rlraìnaoe ditch or seal-ed Ôiæh boÈtom at 70 csn.
*qs¡sì,v

3, Profile

Þep brcn^rnish cLalaey pnofite with thin dark sonewhat nr¡re sandy

surface Soil"
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TtIE EF"¡ECI 0F SOff, PFE$TING AllD NUTRIB\TI ADDITION
ON I4.TZE PIAI\M }IETGTTS (84) AT ZI.NP"

ltutrient Addition
Terperature of HeatJng (C)

r0r 100 200 600
Itutrient
Addition

I4eans

lüc Fentilizer
i{pKCa},qZnS

.N

-P

-K

-Ca

-eq
_Zn

-S

Telrqrcrature l,þans

Lsd (0.05) (i)
(ii)

(iii)

(iv)

Betrueen Terqreratu::e fiEans

Between Nutrient Cc'rnbination means

Betvleen Nutrient Ccrnbinations
at one Tg,perature leveI"

Betriveen Terperature 1er¡els
at one Nutrient Combinaticn

22,4

24.9

2L,4

22.5

20.0

25"8

27.5

25"2

27 "7

24 "2

2?.5

25,5

20"r
25"5

26 "7
20"2

2I"0
22.6

26"7

23.4

J.3, 0

17"8

18"7

13.2

L4"2

t4"s
19. 5

L7 "6
L8"2

16. 3

1B "'5

27 "r
2r"2

30"7

24"6

27 "3
26.5

27.6

23.0

25 "2

19.1

23"8

20 "4
23 "0
2L.4

2r"9
23 "6
23 "3
^1 ^¿J. A

22"3

(2.70)

(3. 65)

(7.30)

(7,40)
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T5E EFFESI OF SOII PBruüruÐ{G ru']D }II]TRÏM.TT NDDTTTCN

CÐ{ },N"TZE FTéT'TT TETGHTS (g'4) AT 3YhP"

Nutrient Äddition
Terç:erature of Heating (C)

! 0r 100 200 600
ltutrient
.Addition

It&eans

.lüo Fertilizer
NPKCaI4EZnS

-N

-P

-K
^^

_lrlg

-Zn
.S

Teq:erature l"leans

Lsd (0" 0s) (i)

(ii)

(iii)

(iv)

Between Tenperature fileans

Between Nutrient Ccnbinaticn neans

Betr,reen lfutrient @rbinations
at one Terperature level

Between Terperature ler¡el-s
at one lfutrier¡t Cornbination

29"L

42"0

36. 9

29 "9
40"7

40 "7
44"9

44"5

42"2

39" 0

28"B

38.6

38"1

34"2

43 "6
33"8

33"7

38"0

4I" B

36.7

23"0

31" 6

30"7

26"6

24 "B

27 "6
34"8

33"3

5L" ¿

29.3

20.8

35"1

26 "L
38"2

J5"4

34 "2
34.3

39"5

33"1

33.0

25"4

36. I
33. 0
-^^J¿"¿

36. I
34"1

36. 9

38. B

37 "L

34"5

(2.73)

(4. sl)

(e.02)

(8.92 )
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$IE ËTESI AF' ÐTL FruüAT$W F[\TD }(ITBIE}.TI ADDTTTCÐ{

CN }ßTZE FTÅ}M HET@U 4!{AP"

lüutrier¡b. Add.ition
Terperature of Heating

100 200r0r
(c)

600
lüutrient
Addition

'Ivleans

ìdc Fertilizer
MKCa¡4lZnS

-N
.P

-K

-Ca

-Mg

-Zn

-S

Tglperature l,þar¡s

Lsd (0"0s) (i)
(ü)

(iii)

(iv)

Beüpeen Terperature î€ans

Betr,.een }futrient Ccrnbirntion ll€ans

Between lfutrient Ccnrbi¡rations
at one Terperature level

Between Tenç:erature leveIs
at one lüutrient Combi¡ation

35.3

56"2

48"r
34"5

61" 5

52.2

54 "4

56. I
56.1

37 "5
49 "3
51" 0

39"8

58.1

49 "4
48" s

)1"¿r

55.1

29.4

45"r

45" 3

39"3

44"5

43 "2
51" B

.rl"+

44 "6

23 "6
41.8

29 "7
41" 1

42"2

38"6

40"9

47 "B
?oo

?1 q

48"1

43"5

38.7

51" 6

45 "9
48 "9
52"4

48 "9

(3"16)

(4"7t)

(e"42)

(e.41)



-314-

APP, 3"4 TTTE ffiFEqX OF SOTI] PBFTUAT${G åI\ÌD NUIB.M!'I AÐDTTICÐ{ CN

T{AIZE DBY }hMER OF TOFS 4INNP"

Nutrient Addition f0t
Terq>erature of Heating

100 200
m/ølY¡ry.ryu

Nutrient
Ccc'nbination

It4eans

(c)
600

ìdc FerLilizer
NPKCâI$ZnS

-N

-P

-K

-¡4r

-Zn
-S

Tenq:erature l4eans

I"sd (0.05) (i)

(ii)
/.: .: .: \\rrr.,

(iv)

Between Ten"perahre neans

Between Nutrient Ccnbination neans

Bet"ççeen NuLrient @nbi¡ations
at one Tenperature lei¡el-

Between Tenperature ler¡els
at one Nutrient 6mbination

0"72

1. 93

t" 69

0"61

L"76

1" 85

L"79

2"17

2.L3

1" 63

0 "79
r"44

L"52

0. 91

t. B0

1" 37

1" 38

1"(

2 "30

L"47

0. 37

0"87

0" 87

0 "62
0"s5

0" 78

1" 18

L"02

1. 0t_

0"81

0"42

1" 48

0"70

L"T7

1" 31

r" 53

t" 40

1" 50

L"26

L.20

0"58

1.43

1.20

0"83

1.36
't ?e

r"44
1.61

1" 68

L"2B

(0" 31)

(0"24)

(0" 4B)

(0 
" s5)
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TTTE trFEgI OF SO[I{ FFEIEATTA]G åT\Þ NI.]'TRTBTI ADDTMO}T
CT{ NTTBffi.{ @qPOSTTTO}q OF }ÊTæ ÏCFS"

lüutrient, Addition
Terrperature of Preheating (C)

r00 200 600r01 Iþans

Control
NPKCaWZnS

.N

.P

.K

-Ca

-w
-Zn

-S

lbans

2"44

2"60

1.45

3" 51

2"90

2.67

2"54

2"42

2"38

2"55

%N

2"53

3"27

1. B0

3"27

3"09

3"40

3.22

3"26

2.55

2"93

5 "32
5.32

4"68

4 "69
5.85

4"91

4 "66
4"51

4.46

4"93

1" 10

1" 43

0. 83

1.06

1" 48

1" s0

1.63

1.48

t" 80

L"37

2"85

3" 16

2"L9

3"13

3"33

3"L2

3" 01

2"92

2"80

2"95

(0"26)

(0.le)

(0 
" 
76)

(0" e6)

Lsd (0.05) (i)

(ii)

(iii)

(iv)

Between Tanperaü:re nÞans

Between }tutrient Combination illeans

Betr^¡een Nutrient Ccnrbinations
at one Tenperature l-evel

Between Teqrerature l-er¡els
at one Nutrient @nbination
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åPP" 3 " 6 Tfm EFFE9X oF $AIJ., PFHUATI]\TG AND IftJTRIET\TI AEÐITICÐ{
CÐ{ TOIAL N UPTAIG NY MATZE TCPS"

Nutríent .Addition
Teçerature of [Ieating (C)

r0r 100 200 600 l4eans

ng N/pot

Control
NPKCaIEZnS

-N

-P

-K

-Ca

-¡q
-Zn

-S

tt^-*^

17 "6
50"2

24 "5
2I"4

5l_" u

49"4

45.5

52.5

s0"7

4L"6

20"0

47 "I
27 "4
29.8

55" 6

46 "6
44"4

57 "I
58.7

43. 1

L9"7

46.3

40 "7
29 "L
32"2

38.3

55" 0

46"0

45"1

40.0

4.6

2L"2

(a

12"4

L9 "4
23.0

¿¿-ó

22"2

22"7

76"4

15"5

4L.2

24"6

23"2

39 "6
39"3

4I"9
44"5
AA 1++"J

35"3

(8"e)

(e.3)

(18 
" 6)

(Ie" 6)

I^sd (0" 05) (í)

(ii)

(iii)

(iv)

Between Tenpe::ature n€ans

Bet:vr¡een lfutrient Ocnrbi¡ration næans

Between }tutrient Ccrnbination
at one Tenperature le¡¡el-

Beti,eer¡ Terç:eratu:e ler¡eIs
at one Nutrier¡t Ccnbination
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TTIE ffiE.gT OF SOTL FFFfrATn{C åND }frJTRTM.TT AÐDTTION
ct{ P @,PqSTT'TON OF I&TZE TCPS 

"

Nutrient Addition
Terperature of Preheating (C)
for 100 200 600 flÉcu LÞ

%P

Control
NPKCa¡4lZnS

-N

-P

-K

-Ca

-Fg

-Zn

-z

laeans

0"08

0"r2
0.24

0.10

0.18

0"19

0 "L2
0"14

0"11

0" 14

0"11

0.10

0.17

0.09

0. 19

0"16
rì l1

0.13

0 "I2

0. 13

0"15

0.17

0"15

0" 13

0"25

0.ls
0"16

0"16

0" 13

0.16

0.15

0"0s

0 "L2
0.13

0.06

0"05

0"05

0.05

0"06

0. 07

0 "r2
0"11

0.17

0. 09

0"17

0.14

0"r2
0"I2
0.11

0.13

(0.02)

(0.02)

(0" 04)

(0 
" 0s)

L6d (0" 0s) (i)

(ii)

(iii)

/i¡r\

Beü¡een Tenperature IIEans

Between Nutrient Combination næans

Between Nutrient Ccrnbination
at one Tenperature level

Between Tenperature leveIs
at one lüutrient C'crnbinaLi-on
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TTIE EFWT OF' SOIT PFMUATS,Tç FüTD }{UTRTE}{I APDIT'IO{
CI.{ TITXAIJ P I]PTAI€ n{ I&TZE 4V.MP"

Nutrient .Addition
Terq:enature of PreLreatingfor 100 200

(c)
600

Itutrient
.Addition

I"leans

lüo Fertilizer
NPKCaMgZnS

-N

-P

-K
^^

_ir4g

-Zn

Tørperature lbans

nq P/pot

0" 85 0" 56

r.41 1.45

2"6L I.32
0"79 0"83

3"30 1" 37

2"26 L"r4
I"75 r"97
2"35 1. sB

2"0L L.29

0. 58

2"40

4. 05

0"61

3"L7

3"43

2"08

3"03

2"42

0.64

0 "74
0. 83

0" 63

0 "79
0.71

0 "79
u" /5

0"74

0 "66
1" 50

2"20

0"72

2"16

1" 89

1" 65

1" 93

L.62

Lsd (0.05) (i)

(ii)
(iii)

(iv)

Between Tørperature nÞans

Beúr¡een }futrient Ccrnbi¡ation nÞans

Beti'¡een }üutrient CccrbinaLic'ns
at one Tørperature level

Between Terperature levels
at one lftrtrient Cornbi¡lation

(0"5s)

(0.49)

(0.e8)

(1" 07 )
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ApP" 3"9 TTIE trFF,crr CF SO$-.' FFEIEhTS{G å}Ð NLTXBIÐTI'ADDITICÐ{

ON K ffi4FOSITTqAT OT'}A[ZE rcFS 4ÌüP.

lüutrient åddj-tion
Teçeratrrre of Freheating (Cl

| 0t 100 200 600 ¡æans

@ntro1
NPKCaWZnS

-N

-P

-K

-\-ct

-lvLr

-Zn

-S

I4eans

2" 40

2.70

3"55

5"25

L"22

2"6L

2"75

2"60

2"75

2"87

%K

2.06

3"32

3"64

5" /f,

1" 15

2"83

3"04

2"85

2"55

2"80

r"49
3. 35

3. 09

3"93

2"02

3"98

3"63

3"2L

3"43

3. 13

1" 35

2"s0

2"98

2"49

0 "79
2"LL

2.28

2"36

2"70

2"L7

l. 83

2"97

3.32

3"86

1"30

2. 88

2"93

2"76

2"87

2,7s

r-sd (0" 05) (i)

(ii)
(iii)

(iv)

Betrr¡een Tery)erature n€ans

Between lüutrient Ccrnbination neans

Betvæen }futrient Ocsîbi¡rations
at one Tenperature Level-

Between Tenperature J-evel-s
at one Nutrient Ccs'nbination

(0.32)

(0"26)

(0"52)

(0:50)
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TTü ffiFEgI OF' SOII{ PBWUNT¡T'¡G FÈTD NTTfBilM.TT ADDTTTO{
ON TTTTAT-. K THTåI<E SI\ T{AIZE 4TËP"

Nutrient Addition
Terrperahrre of

| 0r 100
Prehreatjng (C)

200 600
Nutrient
/lddition

l&ans

No Fertilizer
NPKCaI4gZnS

-N

-P

-K
^^-\-d.

-¡4r

-Zn

-S

Tençnrature Means

ng K/pot

16.33 5"5r
4s"60 27 "68
55"63 27 "53
34" 00 24"48

20"53 10"95

38 "77 31.11

41" 90 4L"45

49"93 33"21

57.20 34.56

38 " 88 26 "16

1r" 07

40.44

40 "94
29 "9L
15"72

37 "6r
40.95

43. 60

45.94

33.71

(6"30)

(6" 06)

(12. 00)

(13 " 00)

16. 90

51.53

60"03

31"88

2r"07

48"L7

49"10

55. B0

58.10

43.62

5. 53

36"96

20"57

29 "28
10.31

32"37

31" 33

35"47

33"91

26"L9

r,sd (0" 05) (i)

(ii)
(iii)

(iv)

Between Tøq>erature neans

Between }futrient @nbination nÞans

B'etween lür¡trient Cqnbi¡rations
at one Terperature lerrel

Between Teiperature level-s
at one ltutrient CIcnùrination
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'APP" 3 " 11 TTTE EFTTUSI OP SO$-, PFruTEAf,TNG AT{D }{TTIRTE}TT ADÐITICÐ{ CE'i

CA ACEæOSTTION CP ¡,ßIZE TOFS 4IËF.

Nr¡trient Addition
Tenperature of Preheating (C)
rof 100 200 600 Iþans

Control
NpKCai\,qZnS

-N

-P

-K

-Cã

-¡q
-Zn

-S

I4eans

Lsd (0" 05)

0. 40

0 "24
0"19

0"48

0 "25
0.20

0.23

0"20

0 "22

0 "27

9o Cã

0.49

0 "28
0 "23
0"37

0 "28
0. 23

0"2s

0"22

0. 20

0.28

0.19

0"20

0.16

0"35

0.25

0"19

0. 13

0"16

0.17

0"20

0"53

0.40

0"26

0"35

0.41

0. 36

0"43

0.36

0"41

0.39

0. 40

0 "28
0 "2r
0. 39

0. 30

ô?q

0.26

0 "24

0"25

0.29

(0.06)

(0. 07 )

(0"14)

(i) Between Terperature ÍÞans

(ii) Between Nutrient Cc¡nbination n€ans

(iii) Between ìüutrient Co¡nbinations
at one Terperature letreI
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åPP" 3.I2 TtIE ffiE(II 0F SOIL FFR{FATÐ{Ç Fù{D NLTIRTru\ru FÐDITXoN
O\T rcrIAI-.¡ ca TPTAKE IN l'g\TzE 4lËPu

'ltutrient .Addition 100r0l 200 600
Ifi:trient
Äddition

lf^+-^
I'l@IÐ

n'g G/pot

Iüo FerLllizer
NPKCa¡4lZnS

-N

-K

-Ca

-¡4q

-Zn

-S

Tenperatur'e l4ea¡s

Lsd (0" 0s) (i)

(ii)

(iii)

(iv)

Betueen Terperature tteans

Between }futrient Cornbination rreans

BeLween Nutrient Combinations
at one Tenperature leve1

þtlveen Terperature levels
at one Nutri-ent Combination

2"76

4"6L

3"2t
2"94

4.50

3"65

4 "09
4"43

4 "64

3 -87

3. 85

3"Bl
3"10

3.24

5. 05

3"04

3.46

3.84

4"65

3"78

0, 68

r"73

r"47
2"L6

1. 30

1.50

L"42

1.68

1" 78

1"52

r"97
5.88

1" 81

4"13

5 "44
s"54

s" 95

5.47

5"24

4.60

2"32

4.01

2"40

3 "I2
4.07

3"43

3 "73
3"86

4.08

3 "44

(1" 04)

(0.9s)

(1. e0)

(2"06)
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APP" 3.13 TEE EFFESI OF' SO[T-, FFF,mrutnqG F0{D }trl"IBlmff AÐDITICÐ{

ON tq COlqIm\TI 0['¡4ATZE TQPS 4VnP"

Nutrient Addition
Terperature of PreLreaLing (C)

î 0f 100 200 600 lrbans

Control
NPKCaIVIgZnS

-N

-P
.K

-w
-Zn

-S

Tarperature lleans

r,sd (0" 05) (i)
(ii)

(iii)

(iv)

Between Tsrperature neans

Betr,ueen }tutrienL Ccnrbination means

Betveen lüutrier¡t Ccrnrbinations
at one TorperaLure level

Between Tenperature levels
at one Nutrient Combination

0"30

0.20

0. 19

0. 38

0 "24

0"16

0"15

0"16

0"18

0 "23

% tg'

0. 35

0"24

0. 20

0"33

0"21

0"18

0.14

0. 17

u"t_f,

0 "22

0 "28
0. t9
0"15

0. 28

0.22

0 "22
0. 13

0"19
rì lo

0"2L

0"66

0 "47
0"38

0"41

0"63

0"48

0 "44
0.43

0.46

0"48

0.40

0"28

0 "23
0.35

0"26

0 "22
0 "24
0"25

0 "29

(0" s)

(0"4)

(0"e)

(0. 10 )
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.APP" 3 "L4 T¡IE MESI OF SATI FTüH{EATD'qG AND NL]RTENI ADÐTTTCÐ{

CÐ{ Tþ1|AI{ }4J LHIAKE IN MAIZE 4T¡BP"

ìtutrient Addltion
Terrçrerature of Prelreatfng (C)

| 0r 100 200 600
lfutrient
Addition

Means

Iüc Fertilizer
NPKCaMgZnS

-N

-P
.K

^^

-Iq
-Zn

-S

Terperature Ineans

r"sd (0" 05) (i)

(ii)
(iii)

(iv)

mg ¡qlpot

2"7s 1.00

3 "24 t" 68

3.09 1"45

2. 88 r"76
3 "72 1.16

2"36 1.68

1.98 r.41
3.06 r"92
3"50 1"70

2"95 1.53

2"09

3"84

3"23

2"34

4"26

3. 00

2"64

3"45

3 "79

3 .18

2.79

6 "97
2"62

4 "74
B "29
7"38

6. 15

6.45

5" 85

5"69

2"L6

3.93

2"60

2"93

4 "36
3"61

3"05

3"72

3.71

3"34

Betrieen Teq>erature n€ans (0 
" 8B)

Betveen lfutrient Ccr,rbination neans rc.62)

Between }futrient Conrbi¡lations
at one Tenperature level

Between Terperature levels
at one }tutrient Ccnrbination

(1.23 )

(1,4s)
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APP" 3.15 TTTE WFEST OA SOSL FBruEATS{G AT\D }ftIMIM.fI'APDXTJQ}T CÊ{

IIIE Zn C$çOSITIANT OF I\&IZE TþPS,

ltutrient Addition
Tenperature of Preheating (C)

r 0¡ 100 200 600 Iþans

pFm Zn

Ifo Fertilizer
NPKCa¡,1]ZnS

-N

-P

-K

-(1=

-w
-Zn

-S

Tenperatì.rre lutreans

I.sd (0.05) (i)

(ii)

(iii)

(iv)

Between Tsq)erature neans

Between ltutrient Ccnùcination means

Between }futrient @nbinations
at one Terperature ler¡el

Betveen Tenperatr:re levels
at one Nutrient Cornbination

31

55

72

L)¿

54

63

B1

20

63

66

4L

t+

54

118

56

49

53

2I
51

57

65

55

87

ftt

100

56

30

65

58

27

27

2I
24

23

35

25

T2

36

26

27

55

51

96

48

62

54

2L

54

5¿

(1s)

(rs)

(30)

(32)
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T'l{E EFEffi AF' fEmTI=lSzER AFFTICATI-Aj AND FAIüfiV B$SPIJE
T,Í¡rI{A@M\T.X OT{ TQTIAT] T$NRMTfT,TJFTAT{E Ð{ MATZE EAre.EAF ÂT

[KEI\I.I\E"

Tleatrrent
Residue ltutrient
irdanagemerrt Ccmbi¡ations

PN Ca I4f
rry/Læf vg/Ieaf

Mrlcht

Br:rn

Control
PK
NK
}P
NPK
NPKI.þZn

Itleans

Control
PK
IU(
NP
NPK
NPIOþZn

Me¡ns

93
96
96

118
LL7
L23

r07

8641820
15 77 20 2r
8712022

16 63 31 36
16 86 28 31
15 t) Zö JJ-

13 73 24 27

96L1818
13 81 2L 2L
11 74 20 2L
13 58 26 30
Is 76 30 32
15 83 28 30

13 72 24 25

96 20r
77 2l.L

108 259
109 373
98 344

r0B 356

99 29L

77
93
9B

103
118
I27

103

77 LB2
79 207
90 285
89 34s
96 336

101 299

89

13

1n
-Ll-,

15

1B

276

75

54

77

100

I-sd (0" 0s) (i) 25 3 24

(íi) 15 I 13

(iii) 2t 2 LB

(Ív) 31 4 28

(Í) Betv¡een lhin tr-eatrrent rreans

(il) Belween Fertilizer reans

(iii) ktr^een Fer-Eilizer treatsents under
one IÞi¡ treatrrent

Gv) Between ¡qaln treatrnents
at the same Ferb'ilizer treatrrent

3

4

5

5

3

4

6

6
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ftE HFF.ST OF FEMTI.ÄZER ffiFI-,ICåÏTON CN TTIE ÑTT&TETT
UmFKE Ð{ t{AgZE EABI{E¡$Æ$"

APP" 4 .2

Fertil-izer Treatnent N
Itutr1ent Uptake
Kcalg

m/1 aaF

Control

PK

NK

¡üP

NPK

IfPKvlgZn

B5

95

97

111

118

L25

9

L4

10

15

16

15

63

79

73

6t

81

79

18

2T

20

29

29

28

l9

2I

22

JJ

32

31

Zn ¡'fr
-vs/Læ

L92

209

272

359

340

328

87

78

99

99

97

10s

r.sd (0" 05) 1013t5
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ÂPP- 4"3 TflE ffiFECI CF F-E$II-JSZER ARPtIqffiION ê¡Ð FATJÍX"I FESIIÐE
lm{AcÞ@,ru' oN f"ArzE srçnÆF, Yrm+Ds fN rl@{i\E"

Nutrient Ccrnbi¡ations
Residue l4anagsrìent

Ifi:lcLuing Burnixg
kg/hâ.

Nutrient
CombinaLion l4eans

bntrol

NPK

NK

NP

NPK

NPIS4gZn

Residræ it4anagenent Means

IÉd (0" 0s) (i)

(ii)
(iii)

(iv)

Betr¡r¡een Main treatrnent means

Between Fertilizer IIEans

BeLween FerLilizer treatnents under
one Main treatrrent

Bet:ueen Main treaürents
at tl¡e sæne Fertilizer treaürcnt

4347

I LC)

4J3¿

477 6

6037

6190

5508

2969

s095

5543

4616

5470

5648

4890

3658

6]-20

5048

4696

57il

5919

sl99

(1007)

(130s)

(1845)

(1e3s )
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åFP" 4 " 4 $m FFFWI æ FffimI{IZER APFLICATION åt\TD FAT.ICfl FESIÞIJE
l,Alncm,mn oN ÍUAIZE s.Icnffi. NUIRTB\TI eæosITI€Ð{ .\T II(Ebt'qE,

TYeatfrent
Residue }tutrient
l4arngernent Ccrnbinations

çary Zn ¡4n
yPrLr

K
z

Mlld:t

Burn

Control
FK
NK
NP
NPK
NPI{vlgZn

Means

Contlcl
PK
NK
NP
NPK
lPffiZn

Means

0 "72 0" 06
0 

" 
66 0.L2

0. 81 0" 06
0.89 0,09
0" B0 0.09
0. 86 0" 09

0"79 0"09

0"98 0.68
1.06 0.61
L"I7 0" 53
0 "82 0 "791"08 0"68
1"06 0.6s

1.03 0"66

0"73 0" 08 1" 13
0"7r 0"09 1.03
0" B0 0.06 I.29
0. 83 0 "I2 I "20
0. 93 0.10 r"20
0"92 0"09 1"06

0" 82 0.09 1.15

0.39 34L
0"33 313
0"39 339
0"47 337
0"46 331
0"39 328

0"41 332

0"70 0"37 361
0.48 0"38 346
0" 61 0.33 305
0"74 0.39 349
0.90 0"47 352
0"84 0"40 323

0.71 0.39 339

75
66
80
90
ó¿
65

76

77
64
öv

t_4b
101

64

90
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åFp" 4"5 THE trTffi OP mm$JIzER åFPLICATTçÐ{ AND FåIJffr{'BESIDLTE

Prru.]AGry\@.ff ON MAIZE STC'\ÆR NIITRTMTT CCIT{IRTHJT'TON AT TM{NE.

Treaünent
Residue }üutrient
l4arngønent. Ccrnblnations

Ca Mg Zn Mn

- 
qmþa

K
kg/ha

r1

43 30 17
76 44 24
53 24 18
39 38 23
65 4L 28
66 40 24

57 36 22

lfr:Ich

2L 11
25 19
34 18
34 18
49 26
49 26

3s 19

Control
PK
rY

NP
NPK
NPI{VTgZN

I\Þans

31
+t
37

48
53

+5

22
36
44
3B
51
52

4I

34
fJ
72
55
66
66

57

1.48 326
2"24 472
1"54 364
1"61 430
2"00 495
2"03 402

I"80 41s

Burn Control
PK
NK
}JP

NPK
NPffiZN

l4eans

1"07 229
^44l_" /þ 5¿o

r"69 493
1" 61 674
1" 93 s53
1.93 553

1"70 440
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ftTE ffT'EgT OF FEFTTT-,TZER åFPITçATEE{ AND FATJCEV reSTDT]E
l{Al\Rffi}{mm cÐ{ N.ruRTEt\TI ce€aSITIot{ 0F ccX€EA ((x/ 15¡x 1173 - 7D)

GRATN.

Tteatnent
iìesidrrc Nutrient
I4anagernent Ocnrbinations

Mn Zn
pExn

r\
z

Ca l4g

¡,1t1cfr

Burn

Conbrol
PK
!\.\

NP
NPK
NPÍSSZn

l4eans

Control-
PK
NK
NP
NPK
NPI{þZn

lbar¡s

3.91 0.30
3.78 0"38
3"87 0.30
3 "67 0. 36
3"77 0"38
3. 87 0" 36

3"81 0"35

3"83 0"34
3.93 0" 43
3.94 0" 34
3.83 0 "444.t2 0.43
3.94 0"40

3"93 0.40

1" 19
1" 17
1.19
1.13
t-" t6
1" 16

I"I7

1. 13
1.19
1.19
1" 13
1" 16
1.15

1" 16

0"02
lf

tl

ll

tl

il

0"02

0 "02il

0. 03
0" 02
0"02
0. 02

0"02

0"22
0 "23
0 "2L
0 "22
0.23
0.2L

0 "22

0.22
0"23
0 "23
0"22
0"22
0.22

0.22

¿o
¿5
26
30
19
23

¿+

¿o
23
¿5
23
34
23

¿)

4B
44
.tt

+)
46

4b

46
43
45
t1 ll
==
¿+z

46

ll /1

==
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${E ffifrci' OF FffiPTMZER åPPLTç,âTICAI åNTJ F'AT.Tfi^T BEÊTDIJE

l4AlÊffi,@,fl oN TIIE l-00 GRAIN^'['|FI 0P CCTiPEA (Cr/ flZx 1i.93-7D)
AT TKEI!\IE"

Nutrient Cornbi¡rations
Residue Manageænt

$tulch-ing Burnjrrg
8ry'100 girains

Nutrient
Cornbination l4eans

@ntro1

PK

NK

NP

NPK

NPI@Zn

Residue l4anagarent l4eans

r,sd (0.05) (i)

(ii)
(iii)

(iv)

Between Main treatrnerrt Íìeans

Between FerLilizer means

Between Fertilizer treatrrents
urder one Mai¡r treatmerrt

Betr¡een tlai¡l treatrlents
at the sæne Fertilizer treatnent

l'4.9

14"9

14"4

L4.7

L5"7

r+"+

14"8

15.6

1L Å,

L4"2

15.4

15 "2

15"3

15"0

15"3

].4.7

t4"3

15"1

15. 5

L4"9

L4.9

(r" 6)

(0"8)

(1.2)

(r.8)
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TTTE ffiEEgT CP ]mITTZER åPPT¡IçAITCAÌ AND FATíOW FESTTXIE
fiANAGM.M.{T ON TTU TCTIAL }fltMAL æ}iTM{I OF'î,IATZE (C1/ TZB)
EARTEAF A3 STLKTI\TG"

Treatfrent
'Residue
I4anagenent

ltutrient
Ccrnbi¡lations

N K Ca '¡& Zn l,tt
trg/Læf - vs/Éf

l.{u-lch

Burn

Control
PK
NK
NP
NPK
NPl{vlgZn

l4eans

LI2
]'22
t-05
135
rs7
L29

L27

60
7B
70
BB

11s
94

84

5B
100
7I
94

101
109

B9

13

13

18

2L

6
I
6
9

10
8

B

20I
205
L97
223
198
22L

208

50
L7

50
53
62
52

52

50
56
52
54
56
5B

54

4

7

9

9

7
10

7

9
9

11

L4
T2
13
13
t_u

12

I4

zLB 1010
LB7 1052
20I t027
2L2 L2T9
237 1369
227 l-205

2T4 TT47

Control 87
PK L23
NK I27
NP t29
NPK. 140
NPI{SZn 143

lba¡s l.25

r€d (0.0s) (i) 2

(ii) 22

(iii) 32

(tv) 29

15
L4
13
L2
13
15

14

2

2

J

4

15

24

33

33

1013
l-266
1115
I29T
1136
]-27r

I1B2

105

r76

248

247

1

l_

¿

2

(f) Eetrr¡een l,lajn treatn€r¡t rrÞaris

(1i) Betveen Fertllizer reans
(ií1) Between PerblLlzer treatnents

u¡der one l{aln treatmerrt
(1v) Fetr'een M,ain treat¡nents

at tle sane FerLiLizer treaürent
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åPF" 4"9 ttÌE WFEffi aF ffiIi{lzER ÞFFIflÇATIÇE'{ n¡p F'p¡-fifft BESIDIJE

mlqAGm@\ru oN TtIE ttIIAI.., lgNEBAt IIPTAIQ s..f t4AfzE GBAIN
A[ f,l@ll'ÏE,

fheatrnslt
Residúe lÍutrienb Ca ¡@

F#
I4anagenent Ccrirbinations

Zn
"F-qm/nakgt },a

N

¡trúclr

Burn

Control
PK
NK
NP
NPK
MIS4JZn

I4eans

0"29 4
0"45 6
0"35 5
0"52 7
0"49 7
0"52 7

0"44 6

0,45
0.53
0"53
0"50
0,58
0.59

0"53

0. 05

0. 09

0. 13

0"t2

47
62
57
74
73
72

64

77
9B
90

L22
L25
L25

106

15
22
1B
25
28
24

z¿

7
10

7
l- \J

L2
10

10 L4
tl 25
820

15 32
L2 24
L2 27

11 24

Control
PK
NK
NP
NPK
MKIþZn

l4eans

Lsd (0,0s) (i)
(ii)

(iii)
(Ív)

45
69
58
79
65
75

65

t1
I

L2

15

2

I
2

3

(i) Betwæn l4ai¡ treatnent, rreans

(ti) Between Fertii.lzer ilear¡s

ß11) Bet:t^ieen Fertilizer treatrqents
urder one l4ai¡ treat¡ent

(1v) BetÌ\reerì Þhln treatrrpnts
at tt¡e sane Ferbilizer treaürcr¡t

5

4

5

1

4
7
6
9
7

7

2

I
I
¿

7B
t0s

9B
140
116
131

111

23

15

2I
29
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APF. 4 " 10 TCII'ATr qBn.s{ YtEt+D$ 0F frrc îfr$zE CKPS AT IIffi'SqE'

ltutrient Ccn¡binaLi.ons
Residue l4anagierent

ltuIch:ing Burntrg
kg/I1â.

ltutrient
Combination l4eans

Control

PK

NK

NP

NPK

NPi{þZn

(no fertilizer) 7092

9L67

79s5

957L

978L

10,154

6381

92L6

8L97

9246

9723

10,333

BB49

6737

9192

8076

9409

9752

L0,244

8901Residue Managsnent Means 8953
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APP" 5.1 ME trF'N T OF flEKTTT.IZEEÆUæ åPPIilCATION AND FAI.T.CT,ôil reSTUJE
}m¡{AffiM.M CI{ T,OrIAL NYTRIFT\TI IJPTAI€ IN I4P\TZE EAFÍ.EAF AF OINE"

Treatnent
&esidue
Managerent

Nutrient
Conbi¡rations

KCaW
*/1 o>F
¡i!Y/ +vsA

Zn ¡&l
uglrear

!.r¡

¡tulch Control
NPK
NPKI{gZn

NPIOþZn + Line

lþans

Burn Control 60
NPK 105
NPI0þZn 114

NPIOþZn + Lime 1.26

Ivtreans 101

I^sd (0.05) (i) 10

(ii) 33

(iii) 47

(iv) 42

5
12
10
2T

T2

65 16
L05 23
98 20

L29 2L

99 20

286
s62
552
455

458

58
16 15
16 16
24 19

15 14

10
2L
1B
20

T7

nd nd
ll tt

il[

72
105

öb
i_01

9I

9
1^
-L \,'

T2
T7

12

52 429
89 963
99 651

].42 551

96 649

42
77

110
113

öf

L7 T32

33 242

46 342

43 322

57
BO

74
r02

tx

I
6

B

7

3

5

B

7

(i) Between !4ai¡ treatrnent fieans

(ii) BeÈween Fertilizer IIEans

(iii) Between Ferbil"izer treatrrents t¡rder
one Main treatment

(iv) Betlveen $hi¡ treatnents
at tlre sane Ferbilizer treatrrer¡t



APP" 5 "2

FerLi-Iiz er þplication

pontrol

NPK

NPKISZn

NPI{,þZn + Iiirre

-?r{7-

TTTE ffiFEgI OF FEK.TTI+TZEB. AI{D LII\E AFPLTCATION ON TTTE

!,IflRIÐ\TI CCD{C${IRF{|IçN AND IIPTAKE ÏN TT{E GR¡{IN"

Nutrient Ccn:tents
PN K, Ca t4g plL

ptrn

37

28

32

3B

1. 69

1" 69

L"62

1" 63

0"43

0"36

0"39

0"44

z

0"s9

0. 45

0"50

0.59

0"18 0.17

0.16 0"13

0"15 0"ls

0"16 0.17

ndndLSO (0.05) 0.13 nd 0"09 nd
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APP"5"3TTTEtrTECTOFMMIIIZEBôJT\EAPPI'¡QU'XCINA¡{DFATJ'CruRF*STIXJE
T&}BM{E}TI ON TTIE HATZE $¡ICA/EP\ NT]'IRIMTT @,POSTTTCb¡ AT C[,$]8"

TreatfrEnt
.Residue Nutrient
Manaqeient Conbinations

K
à

Ca ¡g Zn ¡-trr

prxn

Mrlch Contrcl
NPK
NPKPIgZn

NPI@Zn + LinÞ

Iulea¡rs

Burn Control
NPK
NPKlvlgZn

NPKIT{gZn + Lirr€

Means

0"78 0"29
0"82 0"28
0. 85 0 "29
0 "73 0.25

0" B0 0" 28

0"61 0.19
0" 63 0.19
0 "67 0.18
0 "77 0 "2r

0 "67 0.19

1"55 0.40
L"69 0"51
L"66 0.53
I"72 0"58

I"66 0"51

r"4L 0" 30
A AÀr"l_5 u.++

L"24 0"54
r.24 0"54

I"26 0"46

0.2L 285 277
0.15 242 L74
0"22 24L 2l3
0"19 280 IB2

0"19 262 r99

0"18 257 rzs
0"26 282 148
0.21 223 189
0 "23 247 ltl

0"22 252 143
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.T\PP" 5"4 TTIE $FECX OF' FEMTLIZEBárI¡€ åPPI,TCATIA}{ ¡È{Ð FAI.ICIV MSTüJE
¡MATA@,IEI\TI ON ¡&IZE STCA¡ER NIJIRTB\ff @{IRrBITION AT OìNE.

Treatrrent
"Residue Nutrient Ca I,Ig
l4anaqen€nt Ccnrbinations

Zn ¡,t-I

svna
K

kg/ha
N

le.:l.ch Control
NPK
NPi(þZn

NPKMgZn + Lirr€

I{eans

Burn Control
NPK
NPIO'T]ZN

NPI{vlgZn + Line

[4eans

t24
228
238
228

207

3
¿L

6
6

5

¿

o
F
f

6

5 319

72t63
]s527I0
l-753113
2L635l4

1542810

24
46
44
53

42

6
14
L4
1B

13

+¿r) 545
654 486
649 549
BB0 s30

657 478

294 141
661 344
567 477
687 313

552
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ftu m,'FEgI æ mmu. zER n[.{Ð L[¡fr AP?LICAfIICÊ{ CÐr

Iï(IIRTEÎfI CONI$fI IN Cü'PEA Iî{DÐ( IJEAF AND GBNIN'

a) Fertilizer þPlicatlon N P

liutrient Content
K Ca I4g
z

åPP" 5.5

Control

NPK

NPffiZn

NPIS[gZn + LinE

Lsd (0"05)

b) Fertilizer þPlication

Conþ:ol

NPK

NPKISzn

NPI{4gzn + Lirne

Nutrient Content (grain)
KCa19Zn
u ppn

Zn

5"05 0"43

5" 30 0 "45

s.30 0"42

5"30 0.43

0"47 0"04

2"02 r"24

2"0r L"72

I" 84 I"70

L"94 2"24

0.36 0.64

0. 45

0.40

0"41

0"40

0"06

PFXN

45 668

a--+5 of,/

aaaf,f, oJo

sI 402

L52

3 "7I 0.50 2 "36 0. 02 0 "24 44

3.84 0"48 2"47 0"02 0"24 4l

3"69 O "47 2 "30 0 "02 0 "23 49

3"74 0.47 2"3! 0.02 0"22 44

Lsd (0"05) 0,30 0"02 0"Ll 0"02

¡,fr-r

tó

70

59

t-1
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APP, 5.6 THE ffTKT CF' FEroI.I+TZEB,/I.TME åPPLTCATION AND FAIJS{ RESITUE

}ß¡TA@,E\ru CE{ TTIE TET'AL I\TITTRTB\TT C$.TIE$TI OF' }ßIZE EARLEAA AT
ONNE. :

Tneatment
Residue Nutrient
Manaqe¡srt Addition

N PK
ng/p1ant

Zn ¡&'r

iLg/plant.
¡q

Mulclr

Burn

Control
NPK
NPI@Zn

MIûfgZn + Lirre

ldeans

@ntro1
NPK
NPKl4gZn

NPIÕþZn + Ljr€

Itþa¡s

Lsd (0.05) (i)
(ii)

(iii)
(iv)

61
TL7
118
LzI

104

67
9B
93

101

90

36
51
51
55

48

15
22
20
20

19

7
9
ö

133 LL92
187 1406
228 1451
2T3 T29T

190 1335

r02 772
r44 1184
zst 1375
228 L284

57
103
119
L22

r00

1B

15

2L

25

L2
1B
19
T7

17

I
+

?
f

4

lB1

45

4T

57

66

1154

244

L45

205

296

72295
95446
95s58

109 55 B

93467

20

1B

26

29

1r\

.7

IO

T3

2

I
2

3

(i) Between l.{ain treatrent Í€ans

(1Í) Beb¡een Ferblllzer rleans

(fil) Bet\,Êen Fertilizer treaüænts under
one Mai¡ treatÍEnt

(1v) Betwee¡r Maln treatrrents
at tlre sane Fertilizer treatrrent



APP* 5 "7
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NF HTPSI OF' IWTTJTZÍF./J¡]*T'îE AFPLTCATTA{ AND FAT{Ilru RESTDUE

tfiNA@\,mfl ON IAIZE (C5/ TZB) STC iER YIETDS CD{ AN ULTTSOL.

Nutrient Cornbi¡ration
Residr:e l4anagenent

laúching Burning
kg/ha

Nutrient
CcÊrbi¡ation l&ans

Control

NPK

MKt4gZn

MKIvIgZn + Li¡e

Residue M:nagement }bans

Lsd (0.05) (i)

(ii)

(iii)

(iv)

Between l4ai¡r treatrrent neans

Betlveen Ferbilizer ÍÞans

Between Fertílizer treatrrents under
one Mai¡r treatf,rent

Between l,lain treatnents
at the sane Fertilizer treatnent

1170

]-747

l-923

19B3

]-706

1211

l-977

1950

2066

1801

1191

LB62

L937

2025

r754

(153)

(304)

(430)

(3ee)




