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ABSTRACT

Laboratory and greenhousee studies were carried
out wth soils sanpled fromLake Chad Basin in Sudan
and Sahel savanna zones of N geria to assess their
ni trogen-supplying potentials. Soil-nitrogen avail a-
bility indices that were evaluated included two
Chem cal nethods - acidified Kvh0, and al kal i ne KMhQ),4
solution extractions and m crobi ol ogi cal procedure -
(i ncubation).

For the upland soils the average N uptake
(N-supplying power) fromthe first, second and third
crops of wheat were 27, 16 and 12 ng/pot respectively.
The respective values for "fadama" soils were 28, 15
and 13 nyg/ pot.

The NH4- N extractabl e by acid KMhQ), net hod ranged
from47 to 760 ppm The mni num and naxi num val ues of
NH;- N extractabl e by the al kaline Kvh0, extracti on were
16 and 205 ppmrespectively. Total N mneralized by
I ncubation procedure ranged from46 to 301 ppm The
soils ability to supply Nwas not |arge and N uptake
tended to decrease w th subsequent cropping.

The two chemcal soil-N availability tests apart
frombeing nore rapid appeared to be nore superior as
I ndices of soil-N availability than the incubation
procedure whose correlation coefficients wth N uptake
and dry natter were not only very poor but erratic.



O the two chem cal nethods, the acid Kwvnh04
extraction seened much nore promsing as indicator
of soil-N availability than the al kaline KWMQ, pro-
cedure. Wile the alkaline KviQ, nethod tended to
have positive and general correlation with yield in
all the various groupings of the 24 soils, the acid
KMhO, showed significant and positive correlation with
N uptake fromfirst and third crops of wheat for soils
derived from alluvial sand deposits (r = 0.81* and
0.85* respectively) and also with N uptake fromfirst
crop and total dry matter for "fadama" soils (r = 0.60*
and 0. 52*, respectively).
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 CHAPTER 1

INTRODUCTION

The seil nutrient which plants require in
greatest quantity is nitrecgen. The element
occupies a unique position in scoil-plant nutri-
tion due to the fact that world wide, more crops‘
suffer from its deficiency than any other nutrient.
This is prohably because it is a major component ef
the protelnaceous matter of tissues., |

In so0il, nitrogen is the most unpredictable of
all the nutrient elements. It is subject to bioclo-~
gical andIEhemical immobilization, leaching and
denitrification. Biological moblilization and
immeobilization of s0il N are dependent on complex
interplay of temperature, aeratien, water, kind and
amount of organic matter,

Practically all the nitrogen in surface soll
is found in organic form. Yet despite its key
rele in plant nutrition, nitrogen 1is assimilated
almost entirely in inorganic state as nitrate or

ammonium.



o

The amount of nitrogen released from organic
reservior to inorganic form rarely meets up the
crop requirements for any growing season. This is
more so in Savanna soils where the organic fraction
is generally low. In order to supplement the amoynt
of nitrogen that will be released from organic form
to inorganic form for crop nutrition, fertilizers
are generslly applied.

For efficlient and economic nitreogen fertiliza-
tion, it is not only important that the seils ability
to supply native nitrogen to the growing crops is
known but also that there should be a method that
will provide satisfactory estimate of the soil native
nitrogen which will be available for the growlng
erop. Such a method should permit reasgnably
accurate prediction of fertilizer nitrogen needed
te give a desired crop vield.

Nitregen uptake or crop yield 1s a concrete
proof of the soll's power to release nitrogen to the
growing crop. However soil nitrogen avallability
can be estimated by several approaches. The appreoach
that has the mos; appeal for farmers and researchers

is so0il testing. A reliable soil test must be accu-

rate, rapid, inexpensive and calibrated with field




fertilizer trial or related to yield response
measured in the field before it can be used as

a reliable guide for predicting N fertilizer needs
for crop production.

The purpose of this study is to find out the
ability of soils from Lake Chad Basin to supply
nitrogen to the growing crop and to evaluate some
soil nitrogen tests considered reliable for pre-

dicting the N-supplying power of soils.



CHAPTER 2

LITERATURE REVIEW

2.1, FORMS OF SOIL NITROGEN

The nitrogen in the soil can generally be
classified as inorganic or organic, the greatest
part occurring as a part of soil organic matter

complex.

2.1.1. Inorganic Forms

The inorganic forms of soil N include ammonium,
nitrate, nitrous oxide and nitric oxide, and elemen-
tal nitrogen which is inert except for utilization
by N-fixing bacteria (Rhizobia) (Harmsen and Kolen-

brander, 1965).

2ela2e Organic Forms

Organically-bound nitrogen comprises about 98%
of total soil nitrogen. These'organic forms occur
as consolidated amino acids, or proteins, free
amino acid amino sugars and other complexes -
generally unidentified compounds (Nelson and Tis-

dale, 1966).



2.2.

2.2.1.

TRANSFORMATION OF SQIL NITROGEN

- Growing crops absorb most of théir nitrogen
in form of ammonium and nitrate. The amount of
these two forms present at the root zone depends
partly and largely on the amount released from thé
organically bound soil nitrogen and partly on the
amount of inert (elemental) nitrogen fixed by free
living bacteria or blue green algae (nonsymbiotic)

and symbiotic associnstions composed of micro-

- organisms and higher plants (Stewart, 1975).

Mineralization

The conversion of organic nitrogen forms to
inorganic nitrogen forms {(Mineralization) takes
place in essentially three step-by-step reaction:
aminization, ammonificaticn end nitrification.
Ammonification and aminization are effected throurh
the medium of heterotrophs (require organic carbon
for their source of energy) and nitrification is
brought about by autotrophs (obtain their energy
from oxidation of inorganlic salts and carbon from

CO, of the surrounding medium).



2.2.2.

—

2.2.3.

Aminization

The decomposition of organic m tter involves
several stages one of which is the hydrolytic de-

somposition of protelns and release of amines and

amino acids. This aminization which is effected

by hetercotrophs can be represented schematically:

Proteins =————=> R-NH, + CO, + Energy Other
e

products.

Ammonification

The amines and amino acids released are
further utilized by other groups of heterotrophs
with the release of ammoniacal compounds.

R-~-NH HOH ———3 NH

2 3
The ammonia released could undergo any of tho

+ R-OH + Energy.

following processes: nitrification, absorption by
higher plants or immobilized by heterotrophic
micro-organisms in further decomposition of
organlic matter or may be physico-chemically fixed
in unavailable form in the lattices of certaln

clay minerals.



2.2.4. Nitrification

" The ammonia released during ammonification
could be transformed into nitrate - nitrogeﬁ,
This bio-oxidation 1s a two step process in which
ammonia is first converted to nltrite and thence
te nitrate.

2NH

+ - + B
a * 302 Nitrosomonag} 2NO, + 2H20 + 4H" .
Obligate autotrophs such as nitrobacter convert
nitrite to nltrate.

2N02 + 02 Nitrobacteﬁ; 2NO3

2.2.5. Nitrogen Fixation

There are two ways in which so0il nitrogen'
could be rendered temporarily unavailable:

{(a) Physicochemical fixation and (b) immobilizats

2.2.6, Physicochemical Fixation

S0il=N in mineral form such as NHE could-be
trapped within the lattices of 2:1 type clay
minerals during the mineral formation or could
replace cations on exchange site within the lattice

Nitrogen fixed in this way is not regarded lost

totally.



2.2.4. Nitrification

The ammonia released during ammonification
could be transformed into nitrate - nitrogen.
This bio-oxidation is a two step process in which
ammonia is first converted to nitrite and thence
to nitrate.
2NH; + 302 Nitrosomonas, 2N0'2' + 2H,0 + aH"
Obligate autotrophs such as nitrobacter convert
nitrite to nitrate.

2NOE + 0, Nitrebacter 2N0§

2.2.5. Nitrogen Fixation

There are two ways in which soil nitrogen
could be rendered temporarily unavailable:

(a) Physicochemical fixation and (b) immobilizat+?

2.2.6, Physicochemieal Fixation

Soil=N in mineral form such as NH; could be
trapped within the lattices of 2:1 type clay
minerals during the mineral formation or could
replace cations on exchange site within the lattic
Nitrogen fixed in this way is not regarded lost

totallv.



2.2.7. Inmebilization

Immobilizatlon #f soll N is the incorperatign

»

of NH, - N and N03

4 -~ N into proteins, nucleic acids
and other orgaﬁic complexes contalned within micro-
bial cells. Soill N flxed in this way becemes
temporarily unavailable untll the micro-organisms o
die and decay (Alexander, 1%77). The generally -
postulated sequence of reactions in assimilatien
of nitrogen is as fellows:
NOJ =y NOJ =3 (K N,0,) e NH_,OH
A ¢ NH3.

2.2.8. Dinitrogen Fixatlen

Certain free-~liuine wmicrg~prganisms - bacteria
or blue-green algae and soie IN oywirievig J3secio-
tions with higher plants are capable of cohverting
elemental nitrogen into mineral form whidh the
plants absorb. The general scheme fog ﬁ fixation
is:

N, —+—) NoHpOH ——— NH,* o

2 - Keto dicarboxylic acid 2:t Keto dicarboxylic acid

YL'ime 2 - ¥mino dicarboxylic acid



2.2.9.
2.2.9.1.

2.2.9.2.

2.2.9.3.

Certain tropical grasses without the aid of micro-
organism have been discovered to k: able to stimu-
late fixation of elemental nitrogen (rhizophere
fixation) (Kass et al., 1971; Dobereiner et al.,

1972).

Losses of N from the Soil - Plant System

Burning

Uncontrolled fires, either accidental or inten-
tional, destroy the vegetation and crop residues and
the nitrogen contained in them is lost to the atmos-
phere. Burning losses in fallow have been estimated

to be 20 - 28kg/haN/year (Nye and Greenland, 1960).

Erosion
Nitrogen in the soil could be lost as a result
of erosion. At Samaru, Kowal (1970) observed that
an average of 6.3kg/ha N/year were lost from a
graded bench terrace of 0.3% slope containing a

mean of 10 ton/ha N/year.

Run Off

Kowal (1970) reported that about 7.4kg/ha N/year

were lost via run-off in fertilized plots at Samaru.



2.2.9.4.

2.2.9.5.

2.2.9.6.

2.2.9.7.

10

Leaching
Soil N especially in form of nitrate could be

lost threugh leaching beyond the root zone especially
in sandy soils. At Samaru, Jones (1976) reperted

N losses via leaching but felt that the loss did

not exceed 25% of applied N in ferruginous tropical

soils.

Plant Uptake

Continuous cropping/eultivatien witheut
addition of nitrogen from external seurces or
returning the crop residues slowly depletes the
soil N reserve. At Samaru, Jones (1971) estimated
that more than 4% of total seil N got lost through

this way.

Gaseous Losses of Soil N

Soil nitrogen could be lost in form of N,
Nzo, NO, NO2 and NH3 due to some biechemical re-
actions. Mechanisms suggested to be invelved in

losses include:

Denitrification
This refers to the biochemical reduction of
nitrates to nitrites, nitrous oxides and elemental

nitrogen under anaerobic conditions.



2.2'9.8.

2.2.9.9.

+4H" +4H"
2HN03 W 2HN02 W H2N202 —_—
+
=2H > N, +2H*
2
~2H,0
H,0 > N,0 % H,0

Denitrification occurs under the influence of

certain micro-organisms,

ficans and T. thioparus.

Chemical Reagg;gns

Nitrite could be decomposed:

NHY

4‘|-N02

—_— 2H20 . N2. The second step is the

ROH + H,O

slyke reaction: RNH2 - HNO2 2

Volatilization of Ammonia
Ammonium salts in alkaline aqueous medium

react as fellews: NHE v Hy0 4 OH™ NH

e o

2H,0. The above transformations that involve

2
organic, finorganic and volatile compounds may

13

for example, T. denitri-

wran

+ NZ'

occur

simultanepusly but individual steps often accomplish

opposite goals.

The reactions could be viewed in

terms of a cycle in which the nitrogen is shuttled

back and forth.



RERTS

THE SOIL NITROGEN CYCLE*

Humus
Microbial cells

NO-

A:
B:
C:
D:
E:
Fi
G
H:

-h%i Plants
H

x E)

Animals

2]
=
=y

Ammonification
Mineralization
Nitrification

Nitrate reductien
Immobllization
Benitrification
N-Fixation, Non-symbiotic
N-Fixation, Symbiotic

*(Alexander N., 1877).



2.3.

'2.3.2-

13

By means of the above reactlons, the subterranean
microflora regulates the supply and governs the

avallability and chemical nature of the nitrogen

in the soil.

FACTORS AFFECTING THE N LEVELS OF SOILS

In natural ecosystem, the N content tends to
have an equilibrium value., The magnitude of this
vilue depends on such factors as climate, vegeta;.
tion, nature of terralin, physical characteristics
of the soll activities cf micro-organism as well as
human activities.

The s©ill-N system is a dynamic onej; any altera-
tion in the environment such as a change in the
climate may leaa to a new equlibrium level of N;
The diverse combinations in which the above factors
operate afe attested by the extreme variability in
N contents of soils ~ from less than 0.1% in
desert and semi desert scoils to as much as 2% in

highly organic solls. {Stevenson, 1965).

L

Climate

This is the most important single factor which

determines the array of plant species available at
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any given location; the guantity of plant materials
and the intensity of microbial activity. Hence

the factor plays a significant role in determining
the organic matter and N Level in the soils. Other
things being equal increases in rainfall lead to
greater plant growth and consequently the produc-
tion of larger quantities of raw materials for

synthesls of humic substances.

2:3.2., Moisture

The N content of soils has some close and
direct relationship with moisture tension (Reitei-
meirer, 1946; Greenland, 1958; Stenford and Smith,
1972; Enyi, 1964; Agboola and Udom, 1967; Reichman
et al., 1966; Power, 1967). However excess water
from rains or irrigation guiekly leaches soluble
nitrogen beyond the root zone espericlly in coarse -

textured soils (Lews and Stefason, 1968),

2.3.3, Temperature

It has long been noted that tropical soiils
' generally have high mineral N content due to
favourable conditions as compared to 2 to 3 times
drop in N content per 10 C drop in a@nnual tempera-

ature in temperate soils. (Jenny, 1941). The
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effect of temperﬁture on the N conteﬁt of soils is
indirect. 1In cold s¢ils, the activities of most
micro—-organisms in ammonification and nitrification
of N present in organic residues are greatly hampered.
In tropical paddy soils of Philippines, the minera-
lization of s0il N is said to be completed in the
early stages of the plant growth due to the high
ambient temperature {(Hito-ich et al., 1976). In
general, it has been observed that mineralization
cccurs favourably between temperatures 0 - 35°C;,
above and belqw”this raﬁge the activities of micro-
organisms are édversely affected., (Stanford et al.,

1973: Calpage, 1976).

2.3.4. Vegetation
The effect of vegetation on the N level of soils

is concernéd with the pool of plant species rather
than the quantity of vegetation produced (Jenny,
1941). Generally soils developed in areas having
plants with extensive root system have higher =
organic matter and higher nitrogen content thon those
with restricted root system, other conditions

equal. 'The nature of litter added to the s0il from
the vegetation also has an effect on the net nitro-
gen mineralized as will be discussed in subeguent

sectiaons,



16

2.3.5.  Topography

Nitrogen levels of soils are i “fected by
relief through its influence on climate, run-off,
evaporation and transpiration. Degree of slope
length and shape of slope are all important (Aandahl,
1949).

In mountaineous areas where pronounced changes
in elevation occur, differences in so0il N result
from vertical zonation of plant flora and variation
in climate. Soils in elevated areas have lower N
content than those from depressions as organic matter
is bound to accumulate in depressions without des=-
truction during wet periods due to anaerobic condi-
tions. Higher elevations also result in lower tem-
peratures and hence less organic matter decomposi-

tion.

2+.3.6. Spil Texture/Type of Clay Mineral

Textural properties of soils have marked
influence on their nitrogen contents. Heavy
textured soils normally have higher N contents than
loam soils which in turn have more than sandy soils,
generally. Koichiro et al., (1976) reported that N

mineralization was increased by grinding the soil
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samplés as.c6Mpéred té those not ground. fhe
retenticon of N coempounds in soils is also affected
by the type.of clay minerals present. Montmorill-
onite clays which have high adsorption capacities
for organic molecules are particularly effective

in protecting nitrogencus constituents against -
micro-organisms (Jaiyebo and Moore, 1963; Opuwairbo
and Odu, 1978). The very close relationship which
exists between the N levels of solls and soil types
has been observed by several other workers - (Young

and Cattani, 1962; Jenny and Rachandhuri, 1970).

Soll Aclidity

The effect of pH on the N content of soils has
1§ng been recognised. Martin et al., (1967) noted
in alkaline solils, a threshold pH value of 7.7+1
was necessary for nitrificntion to také place. At
very low pH, activities of micro-organisms are
adversely affected while at very high pH nitrifiers
also die due to ammonia toxicity (Smith, 1964).
Although 1liming in situations of very low pH stimu-

lates the avallabllity of nutrients z=ad directly or

~indirectly ~ffects nitrification, losses 'of N through
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volatilization are increased with increases in pH

and drying (Calpage, 1976).

Carbon: Nitrogen Ratio

The carbon: nitrogen ratio (C.N. ratie) is an
important characteristic of organie residues added
to the soil since its ratio determines the rate of
release of nitrogen in available form. When the
ratlo 1s very high (exceeds 30) during organic

decomposition, immobilization rate exceeds minera-

- llzatlion rate. Thus the microbisal requirements for

N are not met for organic matter and the organisms
assimilate scil N into microbical proteins. (Kana-
pathy, 1974 and 1976). During the decompssition of
organic residue with C:N ratio of less than 15,
mineralization rate exceeds immobilization rate

with & net release of nitregen. Thus nitrification
of organic matter added to the so0il is dependent to

a large extent on the C:N ratics (Stanford and Smith,

1972; Yoshida et 21,, 1975).

Micro-organisms

Soils vary in type and number of micro-organisms
present as these are affected by climate and other

local factors. As mentioned in the proceeding
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section, soil nitrogen transformations are brought

about by microbial activities. Meiklejohn (1962)

attributed the low mineral N content of grassland

soils of Ghana to the absence of nitrifiers ond
noted that the distribution of nitrocgen in the
forest region was as a result of mixing of leaf
litter with mineral matter through the activities

of earthworm and micro-organisms.

Interaction with Other Nutrients

Other nutrients have a profound influence eon
the N content of soils. High levels of P have been
reported to incrense the total N content in Black
Paddy and Tinkirja varieties of rice (Enyi, 1967).
It is also known that Mo application stimulates the
N-fixing activities of root nodule bacteria. (Koji

et al., 1967).

Management/Cultural Practices

Nitrogen added to the soil in form of fertilizers

may or may not be available to the growing crops
depending on certain practices such as method of
application, rate of Applic:ition, time of applica-

tion and some other factors. Ghinwuba and Fayemi
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(1960) and Agboola (1968) reported that the
efficienCy vl applled N feptilizer can be increased
by the split application of the nutrient. Good i
Crop resldue management has effect wh the N levels;
of soils. Balasubramanian and Nnadi (1977) esti=~
mated that about 8.8 kg/ha N was added to savanna

soils annually via incorporation of Crop residues.

The nitro-bacteri~ are obligate autotrophic

aerobes. They will not produce nitrate in the
absence of molecular oxXygen. Nitrate accumulation
is therefore to a great extent dependent on adequaté
aeratjon. (Nelson and Tisdale, 7966). It has been
shown that under anaerebice conditions nitrate |
accumulated during. very favourable conditians is
used by certaln micro-organisms as a terminal
electron acceptor. The reaction results in a
dissimulatory reduction which produces elemental]
nitrogen, nitrous exide and Someé other products

(Woldendorp, 1963). The effect of oxygen on the

break down of organic residues in the seil has also
been noted by some other workers (Parr and Reuszer,

1959; Kempner, 1937; and Greenwood, 1961).
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ESTIMATION OF N-SUPPLYING POWER OF SOILS

Many approaches have been used to estimate
soils ability to supply nitrogen to the growing
crops. These approaches fall into one or more of
the fellowing broad groups:

Biological, microbiological and chemical methods.

Biological Methods

Field Plot Technigue

This is the most valid method of assessing the
nutrient-supplying power of soils. 1In this method,
the crop is grown under natural conditions in field
and the yield is a direct measure of the nutrient-
supplying power.

Field experimentations are normally fraught
with problems and errors: plot dimensions are
subject to measurement errors; de'>rminations of
yields have their inevitable errors; incidence of
diseases, weather vagaries and insect attack are
only to a limited degree under man's control and
will not be identical from plot to plot. All these
cannot be entirely eliminated owing to chance

fluctuations and they make up the experimental
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error. In addition, field plot technique is very

tedious, slow and expensive in operation.

Statistical technques are introduced to
obtain the expected yield subject to the experi-
mental error as the actual observations are mere
estimate of the true yield (Wishart and Sanders,

1985).

2.4.1.2. Greenhouse Method

In order to get over the problems of cost,

convenience and time the principle of field—plot.
technique is employed in the greenhouse experiment.
Here, representative samples of soils in question
are brought back to the greenhouse, dried, sieved
and weighed into pots. Each plot represents a field.
A test crop is grown in the pots and yields or
nutrient uptakes are taken as the ability of the
soils to supply the nutrients. This, unlike the
field plot technique can be used to obtain an
information in advance of cropping.

The greenhouse method is not without 1its own
shortcomings. The amount of soil required for

greenhouse work is still too large for convenient
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handling and the method does not lend itself for
mass processing of soil samples. So it is for
special research interest and not for routine soil
testing. Besides, greenhouse is a semi-controlled
environment and soils in pots may not adequately
represent the same soil in the fields as climate
is more often than not altered. However, it is
often used for calibrating other methods in place

of field plot technique.

le Studies

Tracer techniques have been used to further
knowledge of soil N availability. In a greenhouse
investigation, Stanford and Legg (1967), applied N
in form of NaN03 labelled with 9% excess N15 at the
following rates - 0, 90, 180 and 300mg per pot of
1800g soil samples in three replications. Oat plant
was used as a test crop. P and K were applied to
ensure that they were not limiting. They obtained
total N in harvested plant materials and by using
mass spectrometer, they were able to obtain the
fraction of the N in plant due to le fertilizer.

The difference between the N'>-labelled fertilizer
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and total N uptake was a measure of soil«N uptake,
They observed that "A values*" in most cases were
independent of N levels applled -~ and were highly
Correlafed with dry matter yield (r = 0.939) and
total N uptake (r = 0.981) from zero - N pots.

Their study left no doubt that "A value"” was »
preclse standard for characterising the N-supplying
capacities of the sails in guestion. In another N15
study, Legg and Allison (1967) noted that the reten~
titen ang avallabillity of residual N were related to.
the N-supplying capacities of twelve soils. Several
other investigators have used N'15 in evaluating the
seil N availabilities (Bartholomew and Herlthy, I

1966; Broadbent and Norman, 1946; Norman and Kram—

pitz, 1945; Allos ard Bartholomew, 1959).

2.4.2. Micrcbiological Methods

The use of micro-~grganisms as indicateors of

N-supplying power of scils is based on the assumption
that the N requirements of these organisms are the

same as those for the higher plants. Scarsbrook

"A value"™ = an index of soil-N avallability =
B{I-Y/,!, where B = fertilizer N rate;
Y = fraction of N in plant derived from
applied fertilizer.
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(1965) while reviewing the work of McCool (1947)
reported that N utilisation by the Tungyue wulutlies,

ggmméﬂgyamclla Llakesleeana, closely correlated with

N uptake by rye grass grownunder field condition.
Estimation ¢of microbial growth of pigment i
production received some interest as an index of
soil-N availability. Boswell et al., (1962) found
that the pigment production of the proteinaceous

bacterium (Pseudomonas aeruginosal) was hlghly

gorrelated with nitrifying capacity of the soil,

Some microbiological tests for N-supplying
capablility of soils have invelved the measurement
of Inorganic N mineralizeg from organic N during a
given period of soil incubation. i

Stanford z=nd Hanway (1955) proposed a measure-—
ment of nitrate production in soils by a methed |
_which permitted carrying out a series of incubations
with a single set of soll samples. Perior to incuba-
tion a mixture of soil and expanded vermiculite
placed in a filter tube was leached free of NO3
and excess water was removed under suction. Follow-
ing incubation for 14 days at 30°C the process of

leaching »nd applying suction was repeated.

'
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Nitrate-nitrogen produced shewed some significant
correlation with N uptake by crops grown in the
greenhouse,

Munson and Stanford (1955) used nitrate-N
produced after 14 days of incubation at 35°C as an
index of secil~N availability. The leaching tech-
niques as described by Stanfard and Hanway (1955)
were used in the NO3~release experiments. The NOS;N
released after 2 weeks of incubation correlated with
N uptake by German millet grown in the greenhouse,
N03—N before and after incubation was determined |
using phenoldisulfonic acid. Empleying rapid Iowa.
nitrification and standard incubation methed in seme

Indian soils; Kale=nde (1964), noted that the

NH4—N and N03-N produced had very close relation- .
ship with percentage yield on one hand and N uptaka
at flowering stage pf wheat on the other hand. He
incubated the soil samples -~ (¥ saturation capacity)
for 15, 30, 45 and &0 days at 35%¢. The samples l
were perlodically leached WwIth—1IN ‘Na€i—and NH4—N and
.N03—N were determined by distillation using Devarda's
alloy and MgoO. *
Keeney and Bremner (1966) were of the view that

the total inorganic - N (i.e. NO; + NH, - NC,) =N .
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mineralized from the organic N after 14 days of!
(aerobic) incubation at 30°C was a better estimate
of s0ll-N avallability. Their results showed some
correlation with N uptake by crops grown in the
greenhouse. . j
Several other researchers have demonstrated
that nitrogen mineralized has a good bearing on
the soils ability to supply nitrogen to the growing
crops (Stanford and Smith, 1972; Lathwell, Dubeyl
and Fox, 1972). '
Ammonium -~ nitrogen produced under anaerobic
incubation has also been considered as an indirator
of soil-N availability (Waring and Bremner, 1964;
Keeney and Bremner, 1966). Waring and Bremner |
(1964) incubated 5g of seoil under waterlogged con-
dition for 2 weeks at 30°C and observed that the
NH4-N produced under these conditions correlated
with N uptake of rye grass grown in the greenhouse.
Keeney and Bremner (1966) employed a modified form
of Waring's procedure (1-week at 40°C) and found
some positive correlation between the N uptake by
rye grass grown in the greenhouse and the minera-

lized nitregen.

o
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Another form of incubation test is that of

estimation of CO2 production after a readily de-

composable organic source is added to the seoil
{Cornfield, 19613 Bremner, 196%). The method .
involved treating 10g soil (at 50% water holding
capacity) with 0.1g cellulose powder in a vial |
containing 0.2g barium peroxide (Bazo). The soil
together with the treatment was incubated for 21
;
days at 28°C. The barium peroxide absorbed the
CO2 produced while releasing 02. The CO2 thus

produced was found to correlate with the total .

mineral nitrogen of soil. The defect of this

method is that N may not be the only nutrient
limiting the minerallzatlon of organic carbon when
soils are incubated with nitrogen free-energy-rich
materials, and it is known that treatment of s0ils
with such materials promotes fixation of atmose
pheric nitrogen (Bremner, 1965b).

The general short-comings of incubation tests
are that the time (10 - 14 days) makes 1t prohibi-
tive to handle large volumes of samples and secondly
handling of the samples = drying, storage and fine-

ness of grinding affect the amount of N released
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during incukation (Bremner, 13%65b; Munro and
Mackey, 1%64; Chalk and Waring, 1970b; Harpstead

and Brage, 1958).

Chemical Methods

A chemical approach to the problem of developing
3 laboratory test of soil-N availability is not only
more rapid and convenient than bioleogical methods
but also more preclse,

Total nitrogen and organic matter have been
used as indices of nitrogen-supplying power of sotl-
{Smith and Stanford, 1971; Kalbande, 1964). How~
ever, Scarsbrook (1965) and Bremner (1965b) have
suggested that the totzl N soll test should be used
with caution because of the many factors such as C:N
ratio, pH, micrcbial population, temperature and
moisture that influence mineralization of total
organic N,

Stanford (1968) used the approach that a
chemical N test should measure the readily minera-
lisable portion of organic N. He removed N with

mild extractants ~ not 0.01M Call., and hot C.5M

2

Na The control and extracted spils were

4P2%7-
incubated anaerobically for 13 weeks to obtain



amounts of mineralizable N in the soils. The
difference in amounts of mineraliz ble N between
the control and extracted soil was correlated with
amount of N removed by the mild extractants. If a
high correlation was found between the difference
in mineralizable N and N removed by mild extract-
ants, it indicated a close meaaure of readily
mineralizable N. Distillable-N was hot water or
sodium pyrophosphate hyrolysable N distilled with
NaOH, and total N was Kjeldahl digestion after
distillation of fraction hydrolysed by hot water
followed by distillation with NaOH after digestion.
He noted that the distillable portion of both ex-
tracts were more closely related to the amour’.
mineralizable organic N removed from the soils by
the extractants than either the non-distillable N
portion or total N portion of the extracts. Stan-
ford concluded that removal of organic N by succe-
ssive water or dilute salt concentration represented
a gradual and somewhat selective dissolution of N
forms susceptible to mineralizations.

Stanford and DeMar (1969) simplified distilla-

tion by using modified Conway microdiffusion proce-




31 !

dure. This procedure aliowed diffusion of ammoﬁia
into boric acid at room temperature during a 16 ~ 27
hour period. They extracted organic N by autoc;av—
ing with 0.01M CaCl, (121°C for 16 hours). The re-
lationship between diffusible NH, was more reliable
than the non-dizstillable or distiliable N fractions
and suggested that N extracted during shorter time
period with boiling water or Na4P207 may be reli-
able index for soil N availability.

Smith and Stanford (1971} reported on the

. evaluation of hot 0.01M CaCl, (autoclaving at

121°C), total N, and tctal carbon as indices of N
availability for 34 soils. Microdiffusion and |}
distillable N correlated highly with N mineralized
under anaerobic incubation (r = 0.92** and 0.96%*
respectively) and with N mineralized under aerobic
incubation (r = 0.88** and .88**, respectively).
Correlation of hot 0.01M CaC12 with total carbon
and total N though significant was not as high as
distillable and microdiffusable N {(r = 0.74**). l
These data indicated that extractien of organic N;
with hot water or hot Na4P207 may be of value in

estimating the availability of organic N. = l'
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Keeney and Bremner (1966) proposed another !
hot water soluble N test. Scll sa ples were bolled
for 1 hour with water and after,cooling, K2504 was
added. It was swirled and filtered under suction.
Total N was determined on the aliquots of the fil-
trates. : i

The determination of total N instead of the
distillable N was the main difference between thelr
hot water test and test suggested by Stanford (1968).
Uptake of N by rye grass in second and third cuttings
correlated with the hot water or Na4i3207 soluble N
test (r = 0.77**), Working with 14 solls in a green-
house investigation, he (Stanford) compared some
chemical N tests. The correlation coefficients
that he obtained between these tests and N uptake
by rye grass were as follows: glucose extracts,
0.70%; hot water-soluble N, 0.65%: hot NaHCO ;= '1
soluble N, 0.70%; NH, released by hot Ca (OH)z,:

O,GTxx; and NH. released by alkaline permanganate

3
0028.

In another study the fraction of soil N extrac-
ted by alkaline KMnO, correlated well with yield of

wheat (Kalbande, 1964; Munson and Stanford, 1955).

i 2



The method involved distillation of soil N in

alkaline }(MnO4 solution. Stanford and Smith

{(1978) noted good relation between NH,~N with

acid KMnO, (Oxidative release of NH4HN) and deter-
mining the potentially minecralizable N {by micro-
biological method of incubation). !
Stanford (1978) studled the relation between
ammonia released by alkaline permanganate extrac-
tion and potentially mineralizable scil N. He !
recovered NH4-N by steam distillation of 1g soil
during extracticon with varying concentrations of
NalOH, KMnO4 and thelr combinations. He observed

that correlations between the NH 4 =N released by

combination of NaOH and KMnO, and potentially

4
mineralizable soil N was better than the NH4-N

released either by NaOH .or KMnO4 alone. He also
concluded that it appeared that acid KMnO4 method
was superior to alkaline KMnO, procedure (Stanforg
and Smith, 1978).

Potassium permanganate is a versatile oxidis-
ing agent. 1Its ability to decompose organic matter

!

is dependent on the pH of the medium. The oxida-

tive reactions of KMnO4 are shown below:-— ‘



1{a)

(b)

Nommik (1976) observed that CO2 and NH3 rew
leased on partial oxidation of soil with orthow

phosphoric acid and chromic acid correlatad waol)

34

Strongly acidic condition:

+ 2+
KMnO4 + 8H', + 5 —eme— + 4H20o

Weakly acidic or neutral condition:
- +
MNO4 + dH' + 3 e—m— Mn02 + 2!-{20.=

Strongly alkaline condition:

- 2—
MnO4 I R Mn04 o

with mineral N accumulation in 9 weeks of incuba.-

tion and hence provided a good estimate of the
soil's Capacity to supply N,
Fox and Piekielek (1978) tested several ,

Chemical N avallability indices in field experi-

ments.

a)
b)
c)
d)
e)
f)
g)
h)

The chemical methods tested were:

0.01M CaCl2 extractable - N
0.01M NaHCO3 extractable - N
Walkley - Black organic matter
Autoclave-extractable NH4-N
Total soil N

Soil NO3-N

H2SO4—extractable N

KCl—extractable N
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0.01M CaClz—extractable N was determined by
a slight modification of methed p >posed by Keene,
and Bremner (1966). A 10g soil sample and 60ml of

0.01M CaCl, were refluxed for 1 hour. 40ml of 10%

2
K,50, were added when cool. The suspension was

2774

suction=filtered and 20ml aliquot of the leachate
was digested with 20ml of H,30, for 1 hour - after
clearing in a microk-jeldahl flask. After cooling,
40ml of water and 10ml of 10N NaOH were added and

NH, steam=distilled into 2% boric acid and +ltrated

3
with 0.005N H,S0,. i
Dilute NaHCo3—extractable N was measurcd - L.
method of MaClean (1964). 5g of so0il were shaken
with 100ml1 of O,.01M NaHCO3 for 15 minutes followed
by the digestion of 10ml aliquot of the filtroat:
with 0.5ml of H,50, containing 0.33g K,80, for
1 hour. Nessler's reagent was added to the diges-
tien tube followed by addition of NaOH to adjust
alkalinity to C.35M.
The total organic matter was estimatced, using
Walkley-Black procedure. Autoclave—extractoble

NH4—N was determined by a method similar to that

of Stanford and Demar (1969) as previously dis-




cussed. Total soil N{excluding NO3) was estima-~
ted by the Macro-Kjeldahl method. The NOB_N in
soil was determined in 0.025M Al, (504)3 extract.

Dilute H,S0, {0.07N) extractable N was deterr
mined according to the method of Purvis and Leo ’
(1961). 2ml of the dilute H,50, were added to lg
soil and brought to dryness in a steam bath. 50ml
of distilled water and 1ml of 5% Na3PO4.12H20 were
added., After stirring, it was then filtered. i =
Nessler's reagent (0.2ml) was added to 5ml of the
filtrate and shaken. After 20 minutes the NH4—N
content was obtained by determining the transmittr
ance at 400g in a colorimeter.

Nitrogen extractable with KCl was measured

using the method proposed by Lathwell et al.,

(1872). A 20g =oil sample was shaken with 40ml

of 1IN KCl for 1 hour. The suspension was filtered

and leached with additional 60ml of 1IN KCl. 20ml
aliguot was digested with 2Zml of conc. H‘?SO4 for

1 hour - after clearning. The NH4-N content of

the digest was determined by steam distillation.
They observed significant correlation between

boiling ©.01M CaCl, and 0.01M NaHCOB-extractable

2
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N and the N-supplying power of the soils as meas-
ured by N uptake by field-grown coin. The corre-
lation coefficients were 0.8B6 and 0.77 at 1% level
of significance, respectively. Autoclave extract-

able NH,-N and total soil N also significantly }

4
correlated with the N-supplying capability of the
soils (r = 0,70 and 0.68 at 5% level of confidence).
The organic matter, soil NO,-N, H2304—extract—
able N, and KCl-extractable N were not signifjcantly

correlated with the s¢il potential to supply N

under the field conditions.

In another report, Fox and Piekielek (1978)
noted that ultraviolet (U.V.) absorption by the
0.01M NaHCD, soil extract at 260nm was highly i
correlated with the N-supplying power of the test
soils (r = Q.87**, P = 0.01).

The NaHCO3-extractab1e N was obtained by the
method of MaClean (1964}). After extraction the
suspension was suction-filtered through (Whatman |
No.42) filter paper. The UV absorption was measured
with a spectrophotometer. Two drops of concentrated

§

HC1l were added to eliminate the effect of HCOE whén

UV measurements were made at 205nm to estimate
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NO3-N since HCOE also abscorks 1n that range.

As part of the above study, Fo and Pekielek

also measured UV absorption as the wave-lengths
were increased from 230nm - 310nm and noted that
there were parallel linear decreases in abscrbance.
Since UV radiation in this range is absorbed by
essentlially all double or 1II bonds in organic
matter, the UV absorbance of these solls was a
measure of concentration of organic matter in the
extract. Assuming that the relationship between
the absorbance at a particular wave~length and i
concentration of organic matter is fairly constaﬁt
for most inorganic solils, the ahscorption at 260nm
(which was at the centre of the linear porticn of
absorbance versus wave-~length curve) was chosen as
the indicator of organic matter content of the
extract. The value obtained at this 260nm absorp-
tion positively correlated with the N content of
above-ground portion of the field-grown corn (N-

supplying capability of the soil).

Shortcomings of The Chemical Methaods

The major pitfall of the chemical extraction

methods is that they are completely empirical in
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the sense that they make no allowance for the fact
that the N mineralization - immobilization cycle
in soil is controlled by several ractors among
which is the supply of energy material for micro-
bial processess; that is, they do not measure the
well-known depressing effect of straw and other
carbonaceous plant residues on the soil N avail-
ability. This problem is compounded by the fact
that the present knowledge concerning the relation-
ship between the chemical composition of organic
matter and availability of the nitrogen in A7 _..
rent scils is limited and little information is
available on the chemical nature of organic forms
of nitrogen which are readily mineralized and are
sources of nitrogen for plant growth (Bremner,
1965). Nevertheless, results nbtaincd fram -

of chemical extractions in many cases have close

relations with soil N availability.
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CHAPTER 3

MATERTALS AND METHODS

SOJL SAMPLING AND HANDLING

Soil Sampling

The s0lls used in this investigation were

sampled from twenty=four sites of irrigated and

non-itrrigated rice/wheat soils within Lake Chad
Basin (Borno State) of Nigeria. In each location
about 25kg bulk soil samples were collected from

0 - 15cm depth. In most cases the samples were !
taken from fallow areas as there were no traces

of recent cultivation or any other human activities.

Figure 1 and Table 1 depict the locations and the

descriptions of the sites respectively.

Handling

In each location composite secil sample was
taken by bulking tocgether samples collected at

different points about 4 ~ & meters apart. The

samples were put into clean polythene bags. fThey
were later air-dried, crushed and sieved through

2mm mesh screen and stored in polythene bags.
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Jere Aeclian Sand Deposits Sudan savanna Upland plet; cropped to rainfed rice, three %m&&%ﬁﬂw
Mafa " " " " " Fallow uplant plot. _
ZmWQCGCHW " 1 " I " " " ” ‘
Yerwa " " o " " t " 1" w

Site Perent Material* Ecologlaal Zcne* History
Ala Chad Lagoonal Deposits Sudan savanna Fallow "fadama" plot.
owum.wuo i) " Tt " 1] W.WHHOE Cvu.m.ja ﬁHO.ﬁl N “ :
Gamboru " " _ " " S "Fadama" plot; cropped w@ irrigate
Jine n ] . " "o " Fallow upland plot. : .

..m..,mn.nwhw

" " ’ "

*Bawden; Carroll; and Tuley, (1972).

wheat 5 years-ago
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Feom each bag, sub-~sample was taken and stored in
clean plastic bottle for laboratery analyses.
1 Each sample was later crushed to pass thraugh

suitable sieves as required by the analytical

procedures.
3.2. PHYSICAL DETERMINATION
3.2.1. Particgle Size

Particle size distribdutiens were obtained by
the hydrometer methed. Fifty grammes of each of
2mm soll samples were disparsed in 100ml of 5%
Calgon solution. After aboyt 30 minutes, the
contents were tramsférred t; a digpersing cup of
an electric mixer and about 400ml of distilled
water added. TYe fregctions were then determined

by the hydrometer as described by Bay (1965).

3.3. CHEMICAL DETERMINATIQONS

3.3.1. Seil pH

The pH was measured in 1:1 soil-water suspen-~
sion and alse in 1:1 soil-salt suspensisn (0.01M

CaClz) using ylsss electrode digital pW meter.
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Organic Carbon

The organic carbon contents of the soil were
determined by the dichromate oxidation procedure

as described by Walkley and Black (1934).

Exchangeable Acidity

Ten grammes of the soil (oven-dry basis) were
leached with 10ml portions of 1IN potassium chloride
solution for about 13 minutes each until about 100ml
of the leacheate were collected. The titrable aci-
dity was then determined by titrating 50ml of the
leacheate with 0.05N sodium hydroxide, using phenol-

phthalein as indicator (Dewis and Freitas, 1970).

Exchangeable Cations Neutral Ammonium Acetate Method:

Twenty grammes of each soil sample were socaked
overnight in 100ml of the N neutral ammonium acetate,
The soil and the leaching solution were guantita-
tively transferred to Buchner funnels (with filter
papers in place) fitted to 250ml volumetric flasks.
The soils were then leached with extra ammonium
acetate solution using 20ml at a time until 200ml

leachates were collected (Chapman, 1965).
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Calcium, magnesium and potassium were detder-
mined with atomic absorption spectrophatsmeter.
The exchangeable sodium values of the samples were

read from 2 flame photometer.

Total Nitrogen in Soils

Ten grammes of each of the soil samples were
soaked in 50ml of distilled water for 30 minutes.
50ml of concentrated sulphuric - salicylic acid
mixture ane 5g of sodium thiosulphate were added
to each and heatee gently for five minutes. There-
after about 10g of kjeldahl catalyst (Se, Cuto, and
Na,SQ, in the ratio of C. 1:1:10 respectively, and
four glass bailing beads were added and the nixture
digested until the solution beceme clear, Iiges-
tion was continued for one more huur. 100ml of
distilled water were added to the digest, The
ammonia formes was liberated by adding SOm!: of 45%
sodium hydroxide solution and distilling into SOml
of 2% boric acid until 150ml of distillate were
collected. The ammonia trapped in the boric acid
was determined by titrating with 0.1N sulphuric
acid using bromocresol green-methyl red indicator

(Bremner, 1965a),
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3.3.6, Total Phosphorus

The vanadate molybdate vyellow method as des-
cribed by Kitson and Mellow (1964) was adopted.
Two grammes of each of the soil samples (2mm) |
ware digested with 20ml of 24% per chleoric acid
until the residue was white in colour and solution
filtered through No.1l filter paper. After diluting

to 50ml, an aligquot of 10ml was added to 10ml of

the colour developing solution (ammonium - vanadate --

molybdate solutien). When the yellow colour was
fully developed, the P contents were then read

from spectrophotometer 20 at 46Cum.

3.3.7. Electrical Conductivity — By Saturation
Extract Method

For the saturated paste, distilled water was .
added to 250g of Zmm sieved s0il in a beaker untfl
the paste glistened and flowered gently when it was
tipped. The pastes were then transferred to filter
funnels with filter papers in place and vacuum was

applied. The extracts were collected in tukes and

their electrical conductivities cobtained by use of

conductivity bridge with temperature control adjus-~

ted to 25°C (Richards, 1969).
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GREENHOUSE EXPERIMENTS

Exhaustive cropping for nitrogen was carried
out in the greenhouse. The s0ils were planted to
wheat, Clay pots {(with perforated bottoms for
drainage of excess water and placed in plastic
bowls to eollect drained water) of about 5 litre
capacity were filled with 4kg of soils. In each
pot, twenty-five wheat seeds were planted and I
thinned down to slxteen stands per pot after seven
days. |

To eliminate the posajbility of deficiencies éf
other nutrients suspected to¢ be critlical in savanna
solls the following nutrlents were applied in sclu-

tions at the rates indlcated prinr to planting:

P: 80 ppm, (180 kg/ha P) applled as
Ca(H2P04)2.H20.

K: 60 ppm, (135 kg/ha K) applied as KC1.
Mp: 3.5 ppm, (7.% kg/ha Mn) 3pplied as Mnsoq.

Fe: 4 ppm, (9 kg/ha Fe) applied as FeSO4.
Cu: 1.5 ppm, (3.5 kg/ha Cu) applied as CusSQ,.
B: 0.5 ppm, (1.125 kg/ha B) applied as

N62B408.10H20.
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Zn: 4 ppm, (9 kg/ha Zn) applied as ZnO

Mg: 4.5 ppm, (10.13 kg/ha Mg) applied as
MgC03n

Each soll was replicated three times and coﬁ—
pletely randomized. Distilled water was applied
as required to keep the seil moist. The plants
were harvested after a period of 42 days and dried

at 60°C for 2 days. The dry weight per pot was

recorded. t

After seven days from the first harvest, the
spil in each pot was pulverized, watered and once
more seeded to wheat. The second cuttings were
done after the same period of six weeks and grain
dried as in the first cutting. The third and last
crop of wheat was obtained as for the second crop.
The dried plant samples were later ground for

analyses of the N contents.

PLANT ANALYSIS

The ground plant samples were analysed for N
by the nicro-~kjeldahl procedure. 250mg of each
sample were digested in a mixture of 8ml of conten-

traded sulphuric acid and kjeldahl catalyst using
f
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a Technicon block digestor. The digest was theﬁ
made up to 75ml. The distillate arising from the
addition of 10ml of 40% NaOH to 10ml of the digest
was collected in 2% boric acid. The N values were

obtained by titrating with O.OO05N H2$04,

CHEMICAL METHODS OF SOIL N AVATILABILITY

Acid Permanganate Extraction Procedure

1g of each of the soil samples was placed inr
50ml centrifuge tubes. 25ml of 1IN sulphuric acié
were added and the tubes tightly stoppered. The
contents were shaken for one hour in a mechanical
shaker and then centrifuged. The supernatant
liquid was poured out.

25ml of a mixture of potassium permanganate |
(0.1N) and sulphuric acid (1N) were added to the
soll residue and shaken again for an hour and
centrifuged. 5ml of 40% sodium hydroxide were
added to 10ml of the extract and the ammonium
nitrogen released oxidatively determined by dis-:
tilling into 5ml of 2% boric acid and titrating l

with ©0.0O05N H,S0, (Stanford and Smith, 1978).
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Alkaline Permanganate Extraction Procedure

1g of each soil sample was pl: :ed in 100ml
distillation flask and 10ml of a mixture of pot-
assium permanganate and sodium hydroxide (0.25qg

KMRO, in 10ml of 0.625N NaOH) added. The contents

4
were steam - distilled for 10 minutes into 50ml
Erlenmeyer flask containing 5ml of 2% boric acid
until 20ml of distillate were collected. The
ammonium~N content was determined by titration
2504. The above procedure was
carried out again for 0.625N sodium hydroxide

with O.005N H

alone to obtain the amount of ammonium = nitrogen
released due to hydrolysis by sodium hydroxide.
The amount of NH4-N released by oxidation by
KMnO4 was then obtained for each soil sample by
the difference between the value of NH4-N resulting
from the mixture of KMn04 and NaOH and the value

for NaOH alone (Herlihy, 1978).

MICROBIOLOGICAL METHOD QOF SOIL

NITROGEN AVAILABILITY

Ten grammes of 2mm air-dried sample of each

soil were mixed with 30g of acid-washed sand (30 =

60 mesh) in 100ml beaker and the mixture trans-
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ferred to 500ml wide-mouth bottles containing 6ml
of distilled water. The mixture was evenly distri-
buted cver the bottom of the bottles. The surface
of each bottle was levelled by tapping the bottle.
BEach scil was replicated four times. A control
(also in 4 replications) containing 30g of the

pure sand was also provided.

The hottles were clcocsed and kept in a constant
temperature (35°C) incubator. Every other day each
bottle was opened for about 3 minutes to let in
some air and then cleoseds The bottles were left
in the incubator for two weeks. 100ml of 2ZN pot=-
assium chloririe were ardded to cach and shaken in
® mechanical shaker for an hour.

20ml aliquot of the extract was plilpetted after
the soil ~ sand mixture had settled and (NH4 + N02 +
NOj) ~ N was determined by distillation of the ali-
quot. 0O.2g each of magnesium oxide and Devarda's
alloy were added to the extract and steam-distilled
into Erlenmeyer flask containing Sml of 2% boric;'

acid until about 40ml of the distillate were colleg-

ted. The distillate was titrated with ©.O0OQSN H2804.
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The (NO3 + NO, + NH4) - N in each soil sample

2
before the incubation was determined by the same
procedure. The mineralized nitrogen in each soil
was obtained from the differences of the two

analyses (Bremner, 1965b).

STATISTICAL ANALYSIS

All the data obtained were statistically
analysed. The mean, regression and correlation
relationships between the N-availability indices

and the yields were eamputed.
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CHAPTER 4

RESULTS AND DISCUSSIONS

CHARACTERISTICS OF THE SOILS

Locations from which the soils were sampled
for this study as shown in Figure 1. The solls
were under grassland or bush-fallow at the time
of sampling. Information obtained from the farmérs
around the sites indicated that most of the Soils
have been fallow for a considerable number of

years.,

Spgil Texture

Observations of the soils during sampling

showed marked variations in their textures. Those
within Maiduguri areas appeared lighter in texture
than others. Particle size distributions as deter-
mined in the laboratory later (Table 2) confirmed
the observation made in the field. The soil text=-
ure varied from sandy loam to clay. The clay co&-
tents of most of the soils were relatively high -
ranging from 19.4 to 69.4%. Soils derived from Chad
Lagoonal deposits parent material appeared to have
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TABLE 2: PARTICLE SIZE DISTRIBUTIONS

Site R i O % Clay|% Silt|% Sand | Soil Class®
Ala™ 65 15 20 Clay
Gajibo 58 8 34 "
Gamboru 69 19 12 "
Jine 26 3 71 Sandy clay
Kartara ggggsiigoonal 34 14 52 " "
Logomani 21 4 72 " "
Marte 38 28 34 Clay loam
New Marte 69 16 15 Clay
Ngala__ . | 75 9 16 o
Abadam"%‘*i 35 17 48 Sandy clay
Arege i 21 7 72 " glay loam
Chingoki1li gé;g;i:; Sand 45 19 36 Silty loam
Jabullam 31 13 59 Sandy ~Yav 1a=-
Y 3l g , 28 11 61 L
Daya" 23 1 62 Sandy loam
Duwuri g:ﬁgStri"e 33 15 62 " clay loam
Kudokuruqﬂt&_ 28 14 58 " " "
Dikwi'*;ﬁyﬂ- 69 15 16 Clay
Konduga - Fluvial Sand 19 8 73 Sandy clay loam
MOLBY i 48 17 35 Clay
Japer—7 25 6 69 Sandy clay loam
Mafa Aeglian Sand 45 13 42 Silty clay
Maidugquri 21 11 68 Sandy clay loam
Yerwa 21 12 67 " " "

*International System
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highést clay content with a mean value of 51.2%
(Table 4}, These were followed by those derived
from fluvial sand 45.6%, alluvial sand 32.4% with
ircustrine sand ené ceolisn sand having about the
some clay contents - 28.5% and 28.4% respectively.
The silt contents for most of the soils were rela-’
tively low - ranging from 3% to a maximum of 28%
(Table 2) with a mean value of 12.6%. However,
soils derived from fluvial sand, lacustrinmna sanms
and alluvial sand deposits had higher silt contenté
than either those derived from Chad Lagoonal depo-
sits or aeclian sand (Table 4). Solls derived frow

aeolian sand had the highest content of sand (62.5%)

among 2ll others.

Scil pH

The mean values of soil pH measured in 0.01M

CaCl., and in water for =11 the scils were 5,69 and

2
7.11 respectively (Table 3). None of the soils wa
extremely acidic as no samples had a pH value of 1
less than 4.0 in CaC12.and 5.0 in water below whicﬁ
values exchangeable Al becomes toxic¢ to the growing

crops (Kamprath, 1372; Nye and Greenland, 1960;

Reeve and Sumner, 1970).
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o | pH Exchangeable (BB EXe0a"%% lerrectivelB23e ey, soas Conaitts
sites oo Acidity (EA) e Cec | |Satura=|pg; centage |OF9;C| Total | Total p[CONTLETIVAEY
2 DH me/100g Ca Mg K Na me/100g (% B.S) E.S.P. PP BWMWM at

Ala 6.69 | 7.62 0.005 - - (1.09}2.43 e - - 0.30 |0.034| 120 1.6
Gajibo 5.71 | 6.18 0.100 17.25| 10 |1.84[3.48| 32.67 99.70 10.6 0.40 |0.042| 125 0.6
Gamboru 6.25 | 7.25 0.100 19.50(10.66]1.60|2.61| 34.47 99.50 7.6 0.25 +.027 67 _ 0.5
Jine 5.83 | 7.85 0.005 - - |1.797.30 - - - 0.34 12.038 80 0.4
Kartara £.36 | 5.80 0.150 7.00| 2.91]|0.67]0.41| 11.10 99.00 3.6 0.2.. {0.017 85 | G2
Logomani 6.51 ] 7.66 0.005 - ~ 0.06 [80.70 B - - 0.30 |0.025 165 0.6
Marte 5.78 | 7.85 0.005 - - [1.69]0.41 - - - 0.35 |0.040| 240 0.4
New Marte [6.45 | 7.06 0.150 18.75| 4.16}1.79]3.74] 28.93 98.00 12.9 0.30 }0.029| 125 1.1
Ngala 5.92 | 6.52 0.050 18.75| 4.25|0.61|1.56| 25.25 99.80 6.2 0.45 [0.0501 775 0.5
Abadam 6.59 | 7.15 0.05 9.25| 1.42]|0.66[1.80]| 13.18 99.60 13.7 0.30 |0.025| 596 0.6

.»noam 5.33 | 6.81 0.150 4.50| 1.58|0.27[0.42 6.91 97.80 4.3 0.45 lc__a8| 165 0.6
Chingokili|5.30 | 7.14 0.150 7.75] 2.83|0.69)0.52| 11.94 98.70 4.3 0.50 | 0.053 65 0.7
Jabuliam |5.45| 5.57 0.100 8.10] 3.17|0.720.35] 12.44 99.20 2.8 0.15 | 0.019 80 0.4
Yau 5.90 | 6.05 0.005 9.50| 2.50|0.63]|0.70| 13.43 99.98 5.2 0.36 | 0.036| 600 0.6
Daya 5.45 | 5.90 0.100 4.75] 1.67/0.52(0.30 7.39 98.60 4.0 0.35 [ 0.045{ 183 0.4
Duwuri 5.96 | 6.52 0.005 9.95| 3.75|1.00(0.43] 15.23 99.90 2.8 0.40 | 0.035] 120 1.0
Kudokurugu|4.51 | 7.40 0.100 3.75| 1.25|0.67(0.21 5.98 98.30 3.5 0.30 ; 0.027| 250 0.4
Dikwa 5.01| 5.66 0.005 6.25| 2.17|/0.59{1.09| 10.25 99.90 10.6 0.40 _o.oum 313 0.3
“onCuga 5.51] 6.55 0.100 2.40| 0.92]0.27|0.23 4.02 97.50 5.7 0.84 | 0.082| 112 2.0
Molay 4.66 | 5.05 0.200 6.70] 3.10]0.60]0.50] 11.10 98.20 4.5 0.25 | 0.030]| 240 0.4
Jere 5.95| 7.24 0.050 5.25| 1.42|0.61]0.18 7.10 99,30 2.5 0.45 | 0.046| 125 1.3
Mafa 5.45| 5.57 0.100 9.90| 3.30|0.64[0.37| 14.31 99.30 2.5 0.05 | 0.005 80 0.6
Maiduguri |5.46 | 6.28 0.100 3.20] 2.10[{1.18]0.40 6.98 98.60 9.2 0.40 | 0.038| 190 2.0

@ oo 5.79 | 5.84 0.100 1.75! 0.83]0.36]0.19 3.23 96.90 5.0 0.25 | 0.029| 185 0.8
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TABLE 4:  MEAN (X) OF SOIL PROPERTIES E R i ,
S o i1 Propertie:-;s :.wﬁ

Soil Parent Material X . : H ~y] % Orgaric] % Eff.CEC|TOtaTIre mmbos o

% Clayl% silt{% Sand mﬂmmpmv PH(H20) Carbon {Total me/100g 1P ppm|cm at meM R
Chad Lagocnal 51.2 | 11.1 | 37.7 | 5,90 6.7 0.30 . |0.034] 27.69 | 164 0.66 -
Deposit
Alluvial Sang 32.4 | 13.2 | 54.4 | 5.9¢ 7.2 0.36  0.036] 11.58 | 301 0.56
Deposit
Lacustrine Sand 28.5 1 13.4 | s8.1 | 5,34 6.5 0.35 0.036f 9.50 | 143 0.78
Filuvial Sand 45.6 { 13.6 | 40.8 | 5.56 6.4 0.43 0.040] 8.50 | 224 0.91 :
Aeolian Sand 28.4 9.1 | 62.5 | 5.46 6.2 0.29 : j0.030 7.65 | 14% 1.20
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The pH in water was consistently higher than
the corresponding pH in salt seclution indicating
that the soils have net negative charges and hence
anions like NOE will not be adserbed on their
exchange sites (Van Raiji and Peech, 1972), Four
of the soils had pH above 7.50. These soils (Alea,
Jine, Logomanl and Marte) showed positive reactlon
(effervescence reaction on addition of dilute HCl)
to marbonate test showlng that they were calcerous.
A lotk at Table 5a would show that on the average |
the upland and "fadama*" scils had about the same
pH valueh, Generally, most of the solls were
slightly acid to slightly alkaline in reaection.

Though the effect of parent material on the sell
reacticon did not appéar to be pronounced, these
solls derived from aeplian deposits were observed
to be more asld in reamtion than any of the others,
On the whole 1f did not apbear that the pH would

limit production Bf these sadiis.

s"fadama” denotes lewland.
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Organic Carbon_ and Total Nitrogen

The organic carbon content of the soils ranged
between a minimum of 0.15% to a maximum of 0.84%
(Table 3). Values for most soils were in the
vicinity of 0.3%. The low levels of the organic
matter might not be unrelated with the sparse
vegetation and relatively low rainfall of the
ecological zone from where the samples were
collected. (Jones, 1973). Total N figures were
low. The range for total N was between 0.005%
and 0.082% and these might be linked with the

generally low levels of organic matter.

Effective Cation Exchange Crpacity (ECEC)

It has been noted that the cation exchange
capacity (CEC) of most tropical soils are pH depen-
dent (Coleman and Thomas, 1967). Therefore the
neutral CEC determined at a particular pH which
might not reflect the actual soil pH could be
higher than the effective CEC. Because of the
above observation the present trend is to use
effective CEC in evaluating the f;rtility of tro-

pical soils, (Balasubramanian et al., 1980). Hence
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the ECEC for each scil was obtained by summation
of the aexechangeahle cations and exchangeable
acidity Instead of the neutral CEC. Attempts
made to get plausible data on the exchangeable Ca
and Mg for the four calcerous solls endead in
excessively very high values indicating the
presence ©of free carbonates or execess seluable
salts. Since the d;terminaticn of exchangeable
Ca and Mg in this type of soil is discouraged
(Walter, 1965), effective CEC of these solls were
not obtained. The discussion on CEC is there%ire
based on twenty of the twenty-four soil sampleé
under study.

The range for effective CEC was from 3.2 me/
100g for Yerwa to 34.47 me/100g for Gamboru
(Table 3). O©On average, these soils frem Chad
Lagoonal complex/deposits which were shown te
have highest clay contents had also highest ECEC
with a value of 27.69 me/100g (Table 4). The same
trend was not observed among soils derived from
alluvial sand, fluvial sand and lacustrine sand

deposits. The solls derived from fluvial sand

which had highest clay content among the three
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appeared to possess lowest ECEC.

Exchange Acidity

This value ranged from 0.005 (trace) to =a

maximum of 0.2 me/100g. Majority of the soils

exhibited exchangeable acidity of 0.1 me/100g
and below (Table 3). It would therefore appear ;
that the problem of exchange acidity would not

be severe in these soils.

Total Phosphorus (P)

Many of the soils had relatively low total P
values - ranging from a minimum of 65 ppm to a

maximum of 600 ppm (Table 3). "Fadama" soils

generally tended to have higher P contents than
the upland solls with average values of 276 ppm

and 123 ppm respectively (Table 5Sa)l.

Electrical Conductivity

Generally the soils exhibited low electrical

oA

conductivity. The minimum was .22 mmhos/cm.

at 25°C and maximum was 2.02 mmhos/cum. It there;

fore seemed that the problem of salinity would nop
i
arise in the solils studied if they were not mise
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PROPERTIES FOR “FADAMA" & UPLAND SOILS
Soil Properties
% % |z oH h,0 | Org.C | Total N ver |ea, fTotale i
Clay | Silt |Sand {CaCl, % % 100g |100g ppm at 250C
"Fadama" 52 | 13.5 { 5.4 |5.40 | 6.85 0,33} 0.03 {15.20 |0.09 276 0.70
Upland 29 10.3 {60.7 | 5.20 6.43 C.33 0.03 14.00 (0.09 123 0.83

TABLE 5b: THE MEAN (X) OF VALUES OF N INDICES, N LPTAKE
AND DRY MATTER FOR_"FADAMA" AMZ JPLAND SQILS
TR (pomy | ¥ Umeeke (maseot | GRS
At mv | e | 385, | 208, | 258, | morar| lgf, | ot
“Fadama®" | 303 |66 {142{ 28 | 14.3]| 12 $43 1.8 3.3
Upland 307{68| 174} 26 | 16.0} 13 550 1.7 3.0

A* Acid KMnQO4 procedure _
— B* Alkaline KMnQ4 procedure B
C* Incubation method
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managed as none of these scils had electrical
conductivity value up to 4 mmhos/cm at 25°C above
which value it is accepted generally that salinity

problem would set in (Richards, 1969).

Lxchangeable Sodium Percent (ESP)

The range of the ESP was between a minimum of
2.5% and a maximum of 13.6% (Table 3}). The maxi-
mum value was below the value of 15% accepted by
the U.S5. S5Salinity laboratory staff as alkali seil
(Richards, 1969). The soils were therefore non-

alkalli types. .

Percent Base Saturation (% B.S.)

L

The percent base saturation on effective CEC
basis was above 90% with a mean of 99% (Table 3)
for all the soils. Therefore the exchange comp=-
lexes of these soils were highly saturated with

hases.

THE N-SUPPLYING ABILITY OF THE SQILS

The maximum values of N uptake from the first,

second and third crops of wheat were 61, 26 and 19
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mg/pot, respectively, for upland soils (Table 8).
The minimum values for the same soils were 17, 9
and 9 mg/pot (first, secend and third crops res-
pectively). The mean values of N uptake from the
first, second and third crops were 27, 16 and 12
mg/pot, respectively. The maximum, minimum and

' mean values of total N uptake for these so0llg were
96, 35 and 55 mg/pot respectively.

For "Fadama" scills, the maximum values of N
uptake from the first, second and third creps for
these soils were 28, 15 and 13 mg/pot respectively.
The maximum, minimum and mean valuyes of total N
uptake were 78, 40 and 57 mg/pot respectively.

None of the maximum values of N yptake frem the
first crop was close to 115 mg/pot noted by Purvis
and Leo (1961) from their first crop of wheat grown
in the greenhouse. Similarly the mean values of

N uptake of 27 and 28 mg/pot from the first crop
for upland and “fadama" colls, respectively, were
in no way near the average value of N uptake of 65
mg/pot reported by Purvis and Leo (1%61). Also the
mean value of N uptake of 25 mg/pot from the third

crop observed by Purvis and Lec {1961) was quite
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TABLE 6: THE N VALUES (ppm} FOR THE AVAILABILITY
INDICES |

Locatlon Acid KMnQO4 [Alk=-KMNG, | Incubation
Abadam 240 44 217
Ala 300 47 210
Arege 450 86 126
Chingokili : 480 86 105
Daya 380 25 301
Dikwa ! 160 27 140
Duwuri 345 23 186
Gajibo i 380 119 185
Gamboru L 260 74 91
Jabullam E 185 205 182
Jere : 420 118 217
Jine 362 35 189
Kartara 160 57 203
Konduge 760 48 144
Kudokurugu ‘ 260 80 46
Logomani 5 205 107 179
Mafa | 47 51 189
Marte 360 69 185
Maiduguri é 350 70 182
Molay I 28g 74 67
New Marte 289 52 154
Ngala 400 104 102
Yau _ 306 53 56
Yerwa } 280 16 91

Mear 319 67 156

65
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TABLE 7: THE MEAN OF THE VALUES OF N INDICES, N UPTAKE
AND DRY MATTER FOR THE SOILS FROM THE FIVE
GROUPS OF PARENT MATERIALS

Soll Group ? %ggﬁx yetneds ?mg/ég% éry M?tter
O S R A A
Chad Lagoonalf 391 | 73 | 166 30 | 20 | 12 [ 62 [1.a | 2.8
Deposit .
géég:iﬁl Sand} 355 | gy 147 38 | 26 } 15 | 79 |2.4 | 4.2
bacustE" S 329 | 43 | 178 29 | 18 | 13 | 60 [1.7 | 3.5
'igggiit Sand | 346 | so0 | 134 25 | 17 | 13 | 55 |1.2 | 2.8
ggg;g;: Sand 1 594 | 46 | 161 23 ] 14 1 10 | 47 |1.2 | 3.0
Mean 322 | 59 | 137 22 | 17 [ 13 | 61 |1.6 | 3.3
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higher than the mean N uptake of 12 and 13 mg/pot
(for upland and "fadama" soils, respectively) noted
from the third crop of wheat in this study. How-
ever, the soils studied by Purvis and Leo (1961)
had higher total N content (0.13% mean) than those
under present study which had an average total N
content of 0.06%. Secondly while sixteen seeds of
wheat per pot of 4kg were planted in this investi-
gation, Purvis and Leo (1961) planted ten seeds of
wheat per pot of 2kg.

Apart from the work of Purvis and Leo (1961)
the basis for comparison between the N-supplying
ability of these soils from Lake Chad Basin and
N-supplying power of soils in U.S.A. or India cited
in literature review did not seem to exist. The
actual values of the N-supplying ability of those
soils were not reported rather the correlation
relationships between the values of N-supplying
power and seme measures of N-supplying ability
(which differed from the indicators of N-supplying
ability in this tudy) were reported. Moreover, the
studies of the earlier workers differed from the

present study in one or more of the following -
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f

soll type, test crop, where the crops were grown
(field or greenhouse) treatment, for instance,
application of fertilizer.

Generally, the N-supplyling ability (N uptake)
of these solls decreased from the first to the
third crop of wheat. The crops started showing
slight symptoms of N deficiency from the second
crop of wheat. The third crop developed N defi -
ciency symptoms within two weeks of emergence on
all solls and symptoms became more severe with
time. The respective mean value of percentage N
in crops for the first, second and third crops
were 2.06, 1.60 and 1.20. The N=supplying power
of these soils was far from being large possibly .

due to the low native N content of the soils.

SOIL~-N AVAILABILITY INDICES

Tables & and 7 show data of N~availability
indices for the 24 soils and the mean of the N-
indices and yields (N uptake and dry matter) for
the flve groups of soils according to their parent
material, Data of the N indices and yields when

soils were grouped according to their topograpnical
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TABLE 8: N-AVAILABILITY INDICES, N UPTAKE AND
DRY MATTER FOR UPLAND SOILS

N Index N Uptake Dry Matter
Site Methd (ppm) (mg/pot) (g/pot)
As |Be fce |255, 1209, |2E8p|Total | 238, [Fotal
Daya 381| 25301 35 | 23 | 14 72 2.1 | 4.0
Chingokili 480| B86 |105] 51 26 19 96 |3.0
Gajibo 3801119 |]185] 61 12 13 86 1.4 Seld
Jabullam 185|205 |231] 35 16 12 64 |3.0
Jere 420) 32 |126] 33 21 19 73 |1.8 3.2
Jine 260} 351189} 15 14 10 39 |11.7 35
Kantara 1601 57(203) 24 20 17 61 (1.0 2.1
Konduga 760f 48 |144| 18 9 10 37 1.1 2.1
Logomani 2051107 {179 21 13 9 44 12.0 & P
Mafa 47) S511(182] 37 9 9 55 |1.6 2ol
Maiduguri 350) 70154 17 16 11 44 |1.8 2.8
Yerwa 280| 16| 91| 18 17 10 35 |11.0 2.1
Mean 326 7141174 27 16 12 55 11.8 3.4

A* Acid KMnO4 Method

B* Alkaline KMnO4 Me thod

C* Incubation.
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TABLE 9: N-AVAILABILITY INDICES, N UPTAKE AND
DRY MATTER FOR "FADAMA' SOILS

N-Index Method N Uptake Dry Matter
Site (ppm) (gm/pot) (g/pot)

As | B |co é?ép gggp gggp Total gggp Total
Abadam 240 44 | 217 27 14 13 53 1.5 2.9
Ala 300 37 | 210 19 17 12 48 153 2.9
Arege 450 27 | 126 41 16 16 71 2.3 4.1
Dikwa 160 23 | 140 27 18 15 60 1.4 3.0
Duwuri 345 74 | 186 28 17 17 62 1.4 3.6
Gamboru 260 80 91 17 10 13 40 2.3 2.4

Kudokurugu 260 | 140 46 24 14 1% 52 1.3 2.9

Ngala 400 | 106 | 185 30 11 11 e 1.7 3.7
Marte 360 69 67 37 9 9 20 1.7 2.6
New Marte 280 52 ] 189 22 11 11 43 1.7 3.2
Yau 306 53 56 33 16 15 63 1.7 3.0
Molay 280 74 | 106 31 31 16 78 2.3 4.0

Mean 303 56 | 134 28 15 13 57 s N 3.2

A* Acid KMnO4 Method
B* Alkaline KMnO4 Method

T* Incubation procedure.
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cf N uptake for the first, second and third crops

were respectively, 28, 15 and 13 mo/pot.

4.3.1. Correlation Relationship Between
N—-Availlability Indices and Yields and

Regression of Yields on N Indices

Data of the correlation relationships betweeﬁ
each of the methods of s0il=N availability and the
actual power of the soils to supply nitrogen are
shown on Tables 10a and 10b.

4.3.2. Acid KMnO4 and Yields

When the twenty-four soils were put together,

the NH, =N extractable by acidified KMnO4 showed

q
positive but non-significant relationship with

the N uptake and dry matter (r = 0.,13; 0,08, 0.03,

0.12; 0.23 and 0.33 for 1st, 2nd, 3rd total N up-

take and 1st and total dry matter, respectively.
The correlation coefficients between NH4-N

released by oxidation in acidified KMnO, and N up=

4

take and dry matter for scils derived from Chad

Lagoonal deposits were relatively higher than the'
values obtained when the 24 scils were grouped to=-

gether. Though not significant, the highest
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correlation coefficients were observed between
this N-index method and N uptake from the second
crop of wheat (r = 0.54) and the total dry matter
(r = 0.51).

Good correlations were noted between NH,-N
extracted by acid KMnO, and N uptake from the
first crop and third crop of wheat (r = 0.81°
and 0.85*, respectively) for soils derived from
alluvial sand deposits. The observations made
here were in agreement with the earlier findings
of Stanford and Smith (1978).

For soils derived from aeolian sand deposits,
high but non-significant correlation coefficients
were noted between acid KMnO4 extraction rra~~dnre
and N uptake from second and third crops of wheat
(r = 0.71 and 0.73, respectively). The regression
lines of N uptake from the 1st a.d 3rd crops of

wheat on NH,-N released by oxidation in acidified

4

KMnO4 are shown in Figures 2 and 3. The regressi~._

equations are also shown in the Appendix.
Correlation and regression analysis were not

carried out for soils derived from lacustrine sand,

and fluvial sand deposits on individual groups as
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Fig 2 Regression line of N uptake(1%! Crop)on NH.-N released by acid K Mn Oy for
soils derived from alluvial sand depasits
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each had only three observations. When the samgles
are very small, the varlances for estimated intér-
cept and slope are very large and hence highly
biased (Johnston, 1972). ;

When solls were grouped on basis of theirltobo—
.graphical positions ("fadama" or upland} the corre-
lation relationships between NH,-N extracted by acid
KMnO, and N uptake (1st crop) and total dry matter

were slignificant (r = 0.60* and 0,52*, respectively)

Regression lines of N uptake and dry matter on

for vYfadama" soils (Table 10b).

NH4—N released by acid KMnO4 are shown in Figures
4 and 5. For the upland scoils there were very poor
correlation relationships between this acid KMnO4

extraction procedure and vield. b

-3.3. Correlation Relationship Between flkaline KMnO

4
and Yield and Regression of Yield on NH,-N

Extracted by the Alkaline KMnO4 Frocedure

[T s -

Mrrrala+ri;msn see L8 Al mmbm 1= m Lo
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Fig. 4 Regression line of N Uptake rr"-:rop)on NH‘-N released
by acidified KMy Og (‘Fadama® soil )
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Fig5: Regression of dry matter (fotal) on NH -N released by ocditfied
iy
KMnOg for 'fadama’ soils
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TABLE T™0s:  CORRELATION CQEFFICIENTS BETWEEN N INBICES, |
N UPTAKE AND DRY MATTER FOR VARIQOUS 350I ROUPS
- N-Index Method
2011 - Varlable Acid Alk
roup ci . .
KMnOg4 KMnO, Incubation
N Uptake (1st erop) 0.13 0.2 -0.01
" (2nel crop) 0.08 0.24 -0.04
A " {3rd mrop) .03 0.04 -0.03
" ( Total ) 0.12 0.14 -0.12
Dry matter (1st crop) 0.23 0,21 -0.22
" ( Total Q.33 0.24 ~0.06
N Uptake {1st crop) 0,34 | o0.12 0.44
n (2nd crop) Q.34 0.39l -0.46
B il (3rd crop) 0.39 Q.07 ; 0. 36
" { Total ) Cv24 Q.25 0.03
Dry matter (1st ¢rop) 0.04 0.27 ~0.59
T ( Total ) 0.51 0.9 0.33
N Uptake (1st grap) Q.81* | 0.84 -0.43
‘. 1" {3ra CL’OD) 0.85 Q.39 C.64
. 1"t { Total ) 0.67 0.23 ~0.46
# |Dry matter {(1st crop) 0.25 Q.68 0.13
" ( Tetal ) 0.41 0.%54 0.66
N Uptake (lst crop) 0.44 0.42 0.83
. : " (2nd crop) 0.71 0.29 0.53
n " (3rd crop} 0.73 0.23 -0,26
n ( Total ) Q.22 0.43 0.30
Dry matter (1st crop) 0.22 0.62 0.46
" ( Total ) 0.35 0.42 0.45
. + 3ignificant at 5%
A : 24 soils grouped together
B : JSoils derived from Chad Lag&tonal tencsits

_ (9 samples)
C : Soils derived from Alluvial gand (5 sampiles)

h

Soils derived from Aeolian sand (4 samples)
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TABLE 10b: CORRELATION CQEFFICIENTS BETWEEN THE
N INDICES, N UPTAKE AND DRY MATTER FOR
"FARAMA" AND UPLAND SOILS
L4
Soil N-Index Method
Grouping Variable &ﬁﬁ84 2&ﬁ64 Incubation
N Uptake (1st crop) 0.07 | 0.20 0.06
: " (2nd crop? 0.10 0.06 -0.30
Upland " (3rd crop) 0.20 | ~0.02 ~0.09
" ( Total ) 0.30 0.14 -0.02
Dry matter (1st crop) 0.24 { 0.23 0.D8
A ( Total ) 0.22 | ~0.45 rQ.24
N Uptake (1st crop) 0.60*| 0.04 0.30
"F‘ad 1
ama " (2nd crop) | 0.16 | 0.16 ~0.03
v (3rd crop) 0.20 | -0.46 0.10
N Uptake { Total ) 0.46 | ~-0.08 0.20
Dry matter (1st grop 0.32 0.22 0.32
" ( Total ) .52+« 0.34 G.20

* Significant at %%
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noted between this N-index method and yields are

in contrast with the earlier observations of Kal-
bande (1964), Munson and Stanford (1955). However,
the low correlation relationships between the N-
index methed and yield noted above were in agree-
ment with the report of Jenkinson (1968), Keeney
and Bremner (1966).

Although the alkaline KMnO, extraction proce-~

4
dure had no significant correlation with yield no
matter how the soils were grouped in relation to
parent material, the relation was poorer and more
erratic when the soils were grouped as '"fadama" or
upland or when there was no grouping. This obser-
vation could be due to swamping effect, (Clarke,
1969). The soils not only varied in type but also
in their sources of origin. The amount of mineral
nitrogen released from organic N is known to be
affected by soil texture and type of clay among
other factors (Kiochro et al., 1976; Opuwaribo and
Odu, 1978; Jaiyebo and Moore, 1963; Jaiyebo, 1967).
Possibly those soils whose N uptake by the crop and

dry matter had little or no bearing with the NH4—N

released by alkaline KMnO, dominated the effect of
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those that had slightly fairer relationships.
Secondly organic N mineralization is a function
of several factors such as aeration (Nelson and
Tisdale, 1966}, microbial number (Meiklejohn,
1962), apart from the afore-mentioned factors.
No chemical extraction procedure has been shown
to measure the dynamic relationships existing
among the scilil organic N, mineral N and these
factors that influence soil-«N mineralization.
Lack of very good relationships between NH,-N
extfacted by either of the chemical procedures
and N uptake when these different soil types were

grouped together could thus be explained.

Correlation Relationships Between

Microbioclegical Method of Soil N

Availability {(Incubation) and Yields

No matter how these solls were grouped, the

correlation coefficients between mineralized-N

and N-uptake values or dry matter were extremely
poor. They did not at all approach the high co=-
efficients reported by Robinson (1968a), Kalbande
(1964), or Keeney and Bremner (1966). It could

be that the manual openings of the incubation
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bottles every other day to let in some alr due to
lack of Rescap or Polyethylene fil., (Plastic cloL
sure device which is very effective in malntaining
aerobic conditions and preventing loss of meisture
from soil during incubation) did detract from thL
efficiency of the methodology (Bremner, 1965b).
The effect of oxygen in the breakdown of organic,
residues needs little or no elaboration (Kempner,
1937; Greenwood, 1961; Nelson and Tisdale, 1966;
and Woldendorp, 1963).

Possibly the air enclosed in the incubation
bottle every other day might have been quite inade-
quate for the activities of the micro-organisms in
the breakdown of sgeils organic matter bhefore the
next opening of the bottles. This could have led
to reduction of nitrate (already produced) to

elemental N and nitrous oxide (Woldendorp, 1963)

resulting in unreproducible results,

CORRELATICON RELATIONSHIPS BETWEEN

N-AVAILABILITY INDICES AND SOME SQOIL

PROPERTIES (ORGANIC CARBON _AND TOTAL N)

The correlation coefficients between each of

the N indices and organic carbon and total N are

shown in Tables 11 and 12.
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PABLE 11: CCRRELATION COEFFICIENTS BETWEEN N INDICES
ORGANIC CARBON_AND TOTAL N WHEN SOTILS
WERE GROUPED ON PARENT MATERIAL

Parent Correlation
Material Soil Parameter Coefficient
Acid KMnQ4 and organic
]
Chad Lagoonal carbon C.87%"
Deposit Acid KMnO4 and total N 0.93**
Alkaline KMnO4 and
organic carbon 0.45
Alkaline KMnO4 and
total N 0.29
Incubation and
organic carbon 0.05
Incubation and total N -0.08
Acid KMnOg and org. C 0.96**
Acid KMnOg4 and total N 0.39%»
Alluvial sand
Deposit Alk. KMnQ4 and org. c -0.71
Alk. KMnO4 and total N ~0.04
‘ Incub. and org. C -0.72
Incub. and total N -0.73
Acid KMnO4 and org. C 0.9B%*
Acid KMnO, and total N 0.99*+
Aeollan sand | Alk. KMnOp and org. C 0.03
Deposit
Alk. KMnO, and total N ~0.10
Incub. and org. C -0.42
Incub. and total N -0.53

»+ Significant at 1%
*« Significant at 5%



TABLE 12: CORRELATION COEFFICIENTS BETWEEN
N INDICES AND ORGANIC CARBON AND TOTAL N
FOR "FADAMA" AND UPLAND SOILS

Soil Correlation Coefficients
Parameter "Fadama" { Upland
Soils Soils | All Soils

Acid KMnO4 and
organic carbon 0.90** 0.970e 0.34

Acid KMnO4 and
total N 0.96+** 0.96** 0.36

Alkaline KMnO4
and organic carbon 0.45 0,46 -0.34

Alkaline KMnQ4
total N 0.43 0.45 0.24

Incubation and

Incubation and
total N 0.02 -0.25 -0.20

** Significant at 1%
* Significant at 5%
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4.4.1. Acid KMnQO, and Organic C and Total N
= i

Very high correlation existed between acld

KMn04—extractable NH4—N and organic carbon for
soils derived from Chad Lagoonal deposits, allu-?
vial sand deposits and aeolian sand deposits
(r = 0.87*%; 0.96"* and 0.98**, respectively,

Table 11). Similar high correlation relations

were also noted between this chemical index of

soil N avaiiability and organic carbon for upland
and '"fadama'" soils (r = 0.90** and 0.397** respec-—
tively, Table 12).

These observations were in line with the
results of Robinson (1969a), Smith and Stanford
{1971} though Smith and Stanford evaluated hot
0.1M CaCl2—extractable soil organic N and total

carbon instead of acidified KMnO, and organic

carbon. Very high correlation existed alsoc bet-"

~ween NH,~N extracted by acidified KMnO4 and total

4
N for scils derived from Chad Lagoonal deposits,
alluvial sand deposits, aeclian sand deposits,
"fadama" and upland soils (r = 0.93**; 0.99**;

0.99**; 0.96** and 0.96**, respectively). Similar

observations were also made by Robinson (1968c), -
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Smith and Stanford (1971). Regression lines and
equations of organic carbon on acid KMnoq-extracb

able NH,-N are depicted on Figures 6, 7, 8, 9 and

4
10. Those of total N on NHd-N are shown on Figures

11, 12, 13, 14 and 15.

Relationship Between KMnO4 Extractable

Eﬂq—m, Organic Carbon and Total N

The correlation coefficients between alkaline
KMnOd-extractabIe—N and organic carbon or total N
(Tables 11 and 12) were not significant. These
observations were quite in contrast with the
report of Keeney reported by Stanford (1978).
However, the high correlation coefficients cre-
dited to Keeney was between alkaline E'{MnO_,_1 NHd—N
and total organic N and not total (inorganic and
organic) N. The non-significant correlation co=-
efficients observed here seemed to agree with the
results of Robinson (1968a) who noted low corre-
lation between NH,-N mineralized and organic
carbon and total N (r = 0.53 and 0.56, respece

tively).
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Fig. 7 . Regression line of organic carbon NHM;/N released by acid KMn0O; for

soils derived from alluvial sand deposits
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Fig B Regression line of organic carbon on NHgN relecsed by acid KMnOy for

soils derived from asolian sand deposits
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Fig 9 : Regression line of organic carbon (Fadama' soils) on NH,~ N
released by ocidified KMp Oy
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Fig.11: Regression line of total N(%)on NHgN released by acid KMh Oy for
soils derived from Chad {agoonal deposits
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Fig.12: Regression line of total N on NH,-N released by acid KMnO,
for soil derived from alluvial sand deposits
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Fig. 13 . Regression of total N on H)?N released by acid m-hq for soils
derived from oeolian sand deposits
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Fig. 14 Regression line of total N ffF‘udm' soil ) on NH,-N
released by oacidified KMp O
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Fig 15 - Regression line of totdl N on NH,-N released by oxidation in
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Correlation Between N Index by

Incubation, Organic Carbon and Total N

As 'in the case of the relationship between

mineralized N and N uptake anF dry matter, the

total N mineralized had no bearing with either

the organic carbon or total N (Tables 11 and 12)
possibly for the same reasons given for lack of
good correlation between N uptake and incubation

method.

CORRELATION BETWEEN ORGANIC CARBON,
TOTAL N AND N UPTAKE AND DRY MATTER

Correlation coefficients between organic C -}

or total N and N uptake and dry matter are pre-

sented in Table 13. Except for "fadama" soils =
(1st crop and total dry matter) the relationship
between organic carbon or total N and N uptake,
though positive, were insignificant even at 5% -‘
level of significance. Robinson (1968b) made
similar observation between organic C and maize
yield (r = 0.42). He, however, noted high corre-
lation between total N and N uptake (r = 0.87*%),
Lack of high and significant correlation co=- '

efficients between organic C or tctal N and N up=-

/i [
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take could be linked to the many factors such as
microbial population, C:N ratio, tcmperature,
moisture as earlier discussed that are associated
with organic N mineralization. In fact, Scars-
brook (1965) and Bremner (1965b) advised that the
use of organic carbon or total N as an index of
the N-supplying potential of soils should be with
caution because of the afore-mentioned factors
and other that influence soil organic N minera-

lization.
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TABLE 13: CORRELATION COEFFICIENTS BETWEEN SOME
SOIL PROPERTIES (ORGANIC C AND TOTAL N)
AND N UPTAKE AND DRY MATTER

Correlation Coefficients

Soil

Property N Uptake Dry matter
ist 2nd 3rd Total | ist Total
crop | crop| crop crop

(A) oOrganic C |0.23|0.18]| 0.30]| 0.26} 0.24}| 0.21
Total N 0.19 | 0.14{ 0.21]| o0.20] 0.22| 0.27

(B) Organic C 0.60* 0,30} 0.10 0.40] 0.36]| 0.50°
Total N 0.60*} 0.20 | 0.30 0.38 |1 0.45]| 0.50"

(C) Organic C 0.20 | 0.10] 0.14 0.36 | 0.38| 0.02

Total N 0.10 | 0.10] 0.20 0.206] 0.41] 0.05
A : All soils

B : '"Fadama" soils

€C : Upland soils

* : Significant at 5%
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CHAPTER 5

SUMMARY AND CONCLUSIONS

Assessment of native soil N which will be
released to crops during a growing season has not
been given appropriate attention if any at all in
Savanna soils. The ability of any soil to supply
N in adequate amounts and how long the native soil
N will sustain high yields will depend among other
things on the total N content and the part of
organic N that will be released during growing
seasons. A soil's power to supply N is large
when it can release N in adequate amounts to the
growing crops for several croppings.

At the moment, no universal soil-N availability
test has been found. The success of each procedure
varies from one soil type to the other and sometimes
it is a matter of conjecture. There is no informa-
tion that the ability of soils from Lake Chad Basin
to supply N has been determined and that any of the
soil-N availability indices tried elsewhere has

been tested on these soils from Lake Chad Basin -
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in Sudan and Sahel Savanna of Nigeria. Some scil-N
availability indices are thought to be promising
in predicting N uptake in other areas. This study
was designed to ascertain the extent to which seils
from Lake Chad Basin will relase N to the growing
crops and how far three N-avallabllity tests would

be capable of estimating the s0il-~-N uptake.

Soil samples were collected from O - 15cm
layer at 24 different locations in the Sudan and
Sahel Savanna zones (around Lake Chad Basin} of
Nigeria. Chemical and physical properties of the
seils were determined. Wwith wheat as a test crop,
exhaustive croppings for N were carried out in the
greenhouse and N uptaké and dry matter obtained.
Two chemical extraction procedures - acid KMnO4
and alkaline KMnO4 soluticns.and a microbiologlcal
technique inveolving a two-week incubation at a
constant temperature of 35°C were the soil-N -
indices evaluated.

Correlation and regression analyses were
carried out between NH,-N released by oxldation in

acidified or alkaline KMnO, selution and N uptake

a
and dry matter and alse between total N mineralized
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after the incubation and N uptake and dry matter.
Each N-availability index was rela ed to two soil
properties which were also related to N uptake and
dry matter.

The texture of the solls varied from sandy
loam to clay. Generally, most of the soils were
slightly acid to slightly alkaline in reaction and
the mean values of pH in 0.01 CaCl2 and in water
were 5.69 and 7.11, respectively. Organic C as
well as the total N for most of the rLoils were
generally low. Organic C values for most of the
soils were around 0.3% and total N values ranged
from 0.005 to 0.082%. Effective cation exchange
capacity of the soils was between 3.20 me/100g
and 34.47 me/100g. Many of the soils had rela-
tively low values of total P. '"Fadama' soils had
higher phosphorus values than the upland scils with
average values of 276 ppm and 123 ppm P, respec-
tively. The exchange complext of these soils was
highly saturated with bases on effective €ZIC basis.

Most of the soils had values above 90%.
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The mean values of N uptake from the first,
second and third crops of wheat were 27, 16 and
12 mg/pot, respectively for upland seils. The
average values from first, second and third crops
for "fadama” seoils were 28, 15 and 13 mg/pot,
respectively. The N=supplying power of these soils
therefore tended to decrease from the first to the
third crop of wheat, and did not significantly
differ between upland and "fadama"™ soils. With the
24 s0ils put togethér the correlation coefficients
between NH

-N extragtable by acid KMnO, and N up-

4 4
take and dry matter were positive hut insignifiecant,:
the maximum value of 0.33 was obtained with the
total dry matter.

When the soils were separated on basis of thelr
parent material, relatively high positive but pan-
signifieant cerrelation coefficients were noted

between this acid KMnO, extraction method and soils

4
derived from both Chad Lagoonal deposits and aeclian
sand deposits. Significant correlation doefficients

were, however, observed between this ekemical index

and N uptake from first and third crogs ¢f wheat for
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soils derived from alluvial sand deposits,

(r = 0.81* and 0.85*, respectively'. When the
soils were grouped on basis of position (upland

and "fadama'") good correlation were also noted
between this extraction procedure and N uptake

from the first crop and total dry matter for
“"fadama" soils (r = 0.60* and 0.52*, respectively).
The correlation relationships between the soil-N
availability index and yield were not significant
for upland soils.

The correlation coefficients between alkaline
KMnO4 extraction procedure and yield though posi=-
tive were generally poor no matter how the soils
were grouped. The relationships between the incu-
bation technique and yield were not only very poor
but very erratic, generally. Organic C showed very
good relation with acid KMnO4 extraction method for
soils derived from Chad Lagoonal deposits, alluvial
sand deposits, aeolian sand deposits, upland soils
and "fadama" soils (r = 0.87°**, 0.96**, 0.98°**,
0.90** and 0.97**, respectively). The relation-
ship when the 24 soils were taken together was

positive and general.
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Alkaline KMnO4 procedure and incubation method
had low correlatien coefficients with erganie C
and total N for all the six groupings of the soils.
Organic C had good relationship with N uptake (1ist
crop) and total dry matter for "fadama" soils 0.60°*
and 0.52¢, respectively. Similarly totzl N related
well with the N uptake (first crop) and total dry
matter for "fadama" solls (r = 0.60* and 0.52*,
respectively).

The eonclusiens that eould be arrived at from

the study are:

(i) The soils studied had relatively low pewer

ef supplying N to the growing crop possibly due teo
the low native N content and hence would require
N-fertilizer application for effective and sustained

vield.

(ii) Possibly due to heterogeneity of the soils,
none of the chemiecal N-availability indices was
very good in predicting the N-supplying power of
these soils when soils were not separated into

groups.



(iii) When the soils were separated on basis of

their parent materials or position ('"fadama" or
upland), the two chemical N indices seemed superion
to the incubation technique. Apart from being more
rapid in operation (each reguired about 71 hour of
extraction as against 14 days incubation) most of

the correlation coefficients between each of thq

chemical procedures and yvields were positive.
However, the acid KMnO4 extraction method héd
better correlation with yield than the alkaline .
KMnO4 procedure and therefore appearcd mors =rn ..
mising as an index of the N-supplying potentials

o
of soils from Lake Chad Basin.
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Ai:
(a)

(b)

(c)

(4)

Ali:

APPENDIX

REGRESSION EQUATIONS AND
CORRELATION COEFFICIENTS FOR
PAIRS OF VARIABLES THAT SHOWED
SIGNIFICANT CORRELATIONS.

N uptake

N uptake (1st crop) on NH,-N released by acidified
KMnO, (for solls derived ?rom alluvial sand deposits)
Y = 18.250 + 0.0570x

r = 0,81*

N uptake (3rd crop) on NH;-N released by acid KMnO
(soils derived from alluvial sand deposits)
Y = 9.024 + 0.0172x

r = 0 85*

N uptake (1st croplon NHg-N released by acidified
KMnO4 (for "fadama" soils).

Y 11.943 + 0,0531x
 y 0.060*

Dry matter (total) on NH4-N released by acidified
KMnO,4 (for "fadama" soils)

Y = 2.150 + 0,0035x
r = 0,52*



Aii:
(a)

(b)

(¢)

(d)

(e)

Aiii:
kal

Organic Carbon Vs NH4-N

Organic C on NH4-N released by acid KMnOg4 (soils
derived from Chad Lagoonal Meposits)

¥ 0.084 + 0,0008x
r 0.87**

Organic C on acid KMnO4, NHg-N (solls derfwed from
alluvial sand deposits%

Y = 0,014 + 0,0010x
r = 0.96**

Organic C on acid KMnO4, NHg-N (soils derived from
aeolian sand deposits)

Y = 0,012 + Q.0011x
r = 0,98**

Organic C on acid KMnO,, NH4-N ("fadama" soils)
Y = 0.036 + 0.0009x
r = 0,90°°

Organie C on acid KMnO4, NHg4-N Cupland soils)
Y = 0.008 + 0.0011x
r = 0,97%e

Total N Vs NH,=N

Total N on NHy-N released by acldified KMnO, (soils
derived from Chad Lagoanal deposits.

0.0004 + 0.0001x
r = 0,93

<
"



(b)

(c)

(a)

(e)

Total N
derived

Y

r

Total N
derived

¥
5

Total N
soils)

Y

Total N
soils)

12

on NH4-N released by acid KMnO, (soils
from alluvial sand deposits)

= 0- 99. »

on NHy-N released by acid KMnO, (soils
from aeolian sand deposits)

0.005 + 0.0001x
0.98°**

on NHy-N released by acid KMnO, ("fadama"

0.002 + 0.0012x
0,96¢*

]

on NHy=-N released by acid KMnO, (upland

0.002 + 0.0001x
0.96*°

n

0



