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CHAPTER I 

INTRODUCTION 

The present agriculturally important soils of Mid~Western 

Nigeria have often been broadly referred to as soils of the Benin 

series. It is recognized that these soils are aciq and infertile. 

The International Bank Mission to Nigeria (101) 1 recommended that 

high priority be given to investigating the deficiencies of these 

soils and finding economic means of overcoming them. 

No detailed and widespread chemical study of these soils has 

been made. At best the studies done have been restricted to 

commercial plantations where fertility tests were made solely for 

the purposes of determining fertilizer requirements of plantation 

plots. On the whole, chemical data on the fertility status of the 

soils of Mid-Western Nigeria have not been readily available. 

The Mid-Western Nigerian Ministry of Agriculture and Natural 

Resources has continued to carry out fertilizer experiments on some 

of these soils to determine the responses of different crops to 

various fertilizer treatments of the soils. The experiments have 

consistently shown that, for upland rice, phosphorus fertilization 

alone resulted in remarkable yield increases. The Research Branch 

1Number in parenthesis refer to literature cited. 
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of the Ministry of Agriculture and Natural Resources, in its 1963/64 

Annual Report (79) concluded that phosphate alone is the main deficient 

nutrient in peasant .rice farms and recommended that phosphate alone 

and in combination with nitrogen be further tested on farmers' fields. 

The introduction of the Food and Agriculture Organization Free 

From Hunger Campaign fertilizer trials and demonstrations brought 

about a more widespread fertilizer experimentation on the different 

.soils of Mid-Western Nigeria. These experiments have shown that 

.phosphorus is the most limiting nutrient element in the production of 

upland rice (38). For example, in 1963 the mean of 23 F.A.O. trial 

sites in Benin Province showed that phosphorus alone, applied at 

. the rate of 20 pounds per acre increased the yield of upland rice 

by 24 percent while nitrogen alone applied at the same rate increased 

yields by seven percent. Nitrogen and phosphorus (20-20-0) together 

increased yield 15 percent while nitrogen, phosphorus and potassium 

(20-20-20) increased yield 10 percent. 

With these findings on the role of phosphorus in the production 

of upland rice, and bearing in mind the fact that the rice crop 

will definitely assume a greater importance in the agricultural 

economy of Mid-Western Nigeria, it becomes necessary to make a 

thorough study of the phosphorus chemistry of the soils so as to 

understand more clearlythe factors responsible for the responses to 

phosphorus fertilization. Such knowledge will be vital in determining 

2 

the future fertilizer needs of the soils and in formulating a stable 

fertilizer policy. According to Kurtz (71), nl(nowledge of the chemistry 

of phosphorus in soils is a requirement for knowledge of its utilization 

by plants, and explanations of soil~plant relations will be clear only 

when the forms and properties of soil phosphorus are known. 11 



Different forms of phosphorus fertilizershave been used on 

soils of Mid-Western Nigeria with varying degrees of success. The 

ammonium phosphates (mono-and di-basic), as phosphorus fertilizers, 

are destined to become very important in commerce. It was thus 

considered necessary to find out what happens to these phosphorus 

fertilizer compounds when added to the soils - by making a chemical 

investigation of their reactions with the soils, Results of this 

investigation will help determine how the compounds could be 

manipulated to be most effective. 
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CHAPTER II 

REVIEW OF LITERATURE 

Fractionation of Soil Phosphorus 

The characterization of phosphorus compounds in the soil has 

been attempted by many workers and increasing precision and accuracy 

in the methods of characterization have continued to be attained. 

Fisher and Thomas (42), developed a method based upon the relative 

rates of solution of soil phosphorus compounds in buffered acid 

extractants and differentiated the following groups of compounds: 

(A) Amorphous and finely divided crystalline phosphates of 

calcium, magnesium and manganese; 

(B) Amorphous phosphates of aluminum and iron; 

(0) Phosphates adsorbed upon hydrous oxides and those present 

in the form of apatite; and 

(D) By difference, phosphates present in crystalline phosphates 

of aluminum and iron. 

In their method apatite was extracted with 0.002N sulfuric acid of 

PH2 while the other compounds (phosphorus present in amorphous and 

finely divided crystalline phosphates of calcium, magnesium and mangq.nese, 

and in amorphous phosphates of iron and aluminum) were extracted with 
\ 

acetic acid of pH5 in which they were appreciably soluble. 
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Williams (112) developed a fractionation method by which he 

classified the phosphorus compounds of the soil, on the basis of their 

solubility in sodium hydroxide, as follows: ( a) .soluble - phosphorus · 

in combination with sesquioxides, organic phosphorus, exchangeable 

phosphorus of clay complex, phosphorus of calcium compounds such as 

CaHP04, phosphorus of water soluble compounds; (b) insoluble -

5 

phosphor us in compounds of the apatite class; (c) doubtful - phosphorus in 

.the interior of the ' cJ.aylattice, and phosphorus of titanium compounds. 

Dean (30) showed that by extraction with sodium hydroxide 

followed by an acid, it is possible to divide the phosphorus compounds 

of soils into three broad f~actions: 

(1) Organic compounds soluble in sodium hydroxide. 

(2) Inorganic compounds dissolved by extraction with sodium 

hydroxide followed by an acid. 

(3) Insoluble compounds. 

Ghani (47) argued that the methods of extraction and determination 

of the fractions of soil phosphorus adopted by Dean (30) .were more, or 

less empirical in nature. He made the following modifications in 

which he divided soil phosphorus into five groups as follows: 

1. Acetic acid - soluble. Mono-, di- and tricalcium phosphates. 

2 . Alkali-soluble inorganic. Iron and aluminum phosphates. 

3, Alkali - soluble organic. Total organic P of the soil 

(nucleic acid, phytin, lecithin, etc.) 

4, Sulfuric acid - soluble. Phosphates of the apatite types. 

5, Insoluble 

N/2 acetic acid was used as a pre-treating agent for the removal 

of exchangeable bases before alkali extraction. 



Ghani (48) modified his first method when it was discovered 

that some of the phosphate brought into solution by the acetic acid 

was readsorbed by the soil and then extracted in the sodium hydroxide 

.extraction; he suggested the use of 8-hydroxyquinoline as a means 

of blocking readsorption or precipitation of phosphate by active 

iron and aluminum during the acetic acid extraction. 

Williams (109), while adopting Ghani's (48) hydroxyquinoline 

method, made a further modification by omitting the firial 'extractioni 

with sulfuric acid. His procedure was as follows: 

1. Acetic acid-8-hydroxyquinoline extraction: water soluble 

phosphates, calcium phosphates, hydroxy-and carbonate

apatite, magnesium and manganese phosphates. 

2. Sodium hydroxide extraction:. (a).Inorganic phosphates: 

adsorbed phosphate, basic iron and aluminum phosphates, 

titanium phosphate. (b) Organic phosphorus 

3. Insoluble in either extractant: chloro and flue-apatite, 

crystal lattice phosphorus. 

Bhangoo and Smith (11) studied the chemical characterization of 

phosphorus present in various Kansas soils and grouped.the.forms 

into four categories: 

(a) phosphorus soluble in O .• lNHCl (calcium phosphate) 

. (b) cold alkali soluble phosphorus (adsorbed phosphorus) 

(c) hot alkali soluble phosphorus (iron and aluminum phosphates) 

.· (d) organic phosphorus 
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A great turning point in phosphorus fractionation was reached in 

1957 when Chang and Jackson (18) reported on their systematic method 

of phosphorus fractionation by which it was possible to fractionate 

soil inorganic Pinto discrete chemical forms as follows: 

1. Aluminum phosphate extracted with neutral 0.5N NH4F 

2. Iron phosphate extracted with O.lN NaOH 

J. Calcium phosphate extracted with 0.5NH2S04 

4. Rcductant soluble iron phosphate (iron oxide occluded) 

extracted with a basic dithionite citrate solution. 

5, Occluded aluminum phosphate extracted with neutral 0 . 5NNH4F 

after the dithionite treatment. 

Fife (40,41) worked with non-soil and soil systems. He showed 

that the most general selective delineation of aluminum-bound soil 

phosphate by ammonium fluoride extractant is likely to be attained 

at approximately Iif8.5 instead of pH7 as proposed by Chang and Jackson 

(18). 

Glenn, et al. (51), while supporting the views of Fife (40,41) on 

the pH of the NH4F extractant for aluminum phosphate, also made the 

' following modifications in the Chang and Jackson (18) procedure: 

extraction of the iron phosphate with O.lNNaOH for 9 to 17 hours 

instead of 17 hours as originally proposed; followed by extraction of 

all occluded phosphate before removal of calcium phosphate as the 

0.5NH2S04 used to extract calcium phosphate tends to remove some of 

the occluded phosphate. 

Chang (16) after reviewing the criticisms of other investigators 

made the following modifications: 

1. Extraction of aluminum phosphate with 0.5N ammonium fluoride 

of pH7 for one hour for paddy soils and extract on a pH8.2 for one hour 

for upland soils. 
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2. Extraction of iron phosphate with O,lN sodium hydroxide in 

nine to 12 hours. 

3, Extraction of calcium phosphate with 0.5N sulfuric acid in 

one hour -- after the extraction of occluded phosphate. 

However, the original Chang and Jackson (18) procedure still gives 

accurate and reproducible results. Although, considerable.progress 

has been made in the development of methods of phosphorus fraction

ation, perfection has not been attained; at best, the results obt.ained 

by present fractionation methods are still mere approximations of 

realities in the soil, 

Distribution of Phosphorus in.the Soil 

Soil phosphorus fractionation has been the s:hief tool employed 

in the study of phosphorus distribuuion in the soil; improvements in 

fractionation techniques have thus meant better understanding of 

phosphorus distribution in the soil. 

Dean (30) originally classified the phosphorus compounds of soils 

into three main groups: organic, inorganic and insoluble phosphorus. 

In his work in the classical. plots at Rothamsted., and Woburn. he found 

that the largest fraction of the total soil phosphorus was in the 

insoluble fraction; this fraction was not increased by the long

continued use of phosphatic fertilizers at Rothamsted __ and Woburn. 

Before the work of Dean at Rothamsted, Marshall (75) had suggested that 

this insoluble phosphorus may.form a part of the clay lattice. Dean 

(30) also found relatively large amounts of organic phosphorus in the 

soils studied; .. · he discovered that the amounts of organic phosphorus 

were closely related to the carbon contents of the soils. 
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Pearson, et .al. (90) studied the vertical distribution of total 

phosphorus in twelve Iowa soil profiles and in all the profiles studied 

.they found that tot.al phosphorus decreased with depth to a minimum 

between the lower A and upper C horizons. Below.this zone, in eleven 

of the twelve soils, the amounts increased rapidly with depth to the 

bottom of the profile. In eight of the soils the concentration of 

phosphorus in the C horizon lll!"as more than double that. in the lower A 

to upper B .horizons. 

Pearson and Simonson (89) studied organic phosphorus in seven 

Iowa soil profiles. They found that the amounts ranged from 205 ppm .. 

9 

to 393 ppm , in the surface layers but they were as low as 8 'Pp!ll in 

the C horizons of some soils. The ratios of organic phosphorus to 

organic carbon and nitrogen were found to ~ary considerably within 

individual profiles as well as from one soil to another. Smaller 

variations occurred in the nitrogen-phosphorus ratio than .in the c.arbon

phosphorus ratio. For the soils, C: P ratio was bat ween 100 .and 200 

and N:P ratio was between 8 and .16. 

Qhani and Aleem (49) studied the vertical distribution of various 

phosphorus fractions in a number of Indian soil profiles and found 

total phosphorus to be at a minimum in the intermediate layers of the 

·profiles. Iron and aluminum phosphates expressed.as percenta,ge of 

. the tot.al phosphorus were found to be at their maximum at the intermediate 

·layers -- the zones of maximum root development. Organic phosphorus, 

organic carbon and nitrogen decreased with depth in most of the soils. 

On. the average, C;.N and c.: P ratios decreased with depth whereas the 

N.: P ratio showed a maximum in the subsurface. 



10 

Williams (110) examined the native phosphorus in a series of 

red-brown earth and solonized brown (mallee) soils of South Australia. 

Over 50 percent of the mean total phosphorus in both groups of soils 

was in the insoluble form and approximately 30 percent was present as 

organic phosphorus. The organic phosphorus content of red-brown 

earth and solonized brown soils increased with increase in total 

nitrogen and the nitrogen-organic phosphorus ratio generally ranged 

from 15 to 23:1 for these two groups of soils, 

F:uller and McGeorge (46) showed calcareous Arizona soils to be 

well supplied with organic phosphorus, although the amount decreased 

rapidly to a depth of 24 inches. The organic phosphorus comprised 

a very small part of the total below this depth. 

Aldrich and Buchanan. (6) studied the phosphorus content of soils 

and parent rocks in southern California and concluded that the 

phosphorus content of the parent rock materials from which the soils 

were derived appeared to be the primary factor in determining the 

phosphorus content of soils. 

Paul (88) found that more than 70 percent of the total phosphorus 

of peat soils (pegasse) in British Guiana is present as organic and 

inorganic alkali-soluble (iron and aluminum phosphate but mainly iron 

phosphate in these soils) forms. 

Karim and Khan (65) ma.de an investigation of the probable relation

ship between pH and the organic, adsorbed, and sesquioxide-bound forms 

of phosphorus in some soils of East Pakistan and made the following 

observations: 



11 (i) As the I'll rose from 4,2 to 4,6, the organic phosphorus 
increased; with further rise of pH from pH 4,6 to 5.6, this form 
decreased, to increase again with still further rise of pH, that 
is a'pove pH 5.6 

(ii) The sesquioxide-bound phosphorus steadily rose with 

11 

pH up to 5.6, but the rate of rise at pH above 5.3 was much greater 
than.that at pH below 5.3. With the increase in pH from 5.6 to 6.2 
the sesquioxide phosphorus decreased. 

(iii) The adsorbed phosphorus increased with a rise in pH 
from 4 to 5.3, but as the pH went above 5,3, this form steadily 
decreased. 11 

Karim and Khan thus suggested that the critical influence of pH 5.3 and 

5.6 might be due to changes in the state of iron and aluminum with the 

change of pH of the medium. 

Williams and Saunders (111) studied the phosphorus distribution in 

seven soil profiles of northeast Scotland and arrived at .. the following 

conclusions: 

11 (i) The total soil phosphorus decreases down all the profiles,· 
reflecting mainly a marked fall in the organic phosphorus. 

(ii) The clay and silt together contain 85 percent and more 
of the total soil organic phosphorus, but the sands also contain 
appreciable amounts. 

(iii) The phosphorus content of the fractions .vary .wideJ_y 
depending on the soil, but the total phosphorus is normally 
highest in the clay and lowest in the coarse sand, the main 
exceptions being the gleyed subsoils where the fine sands are 
richer·than the clays. 

(iv) The phosphorus in the sands is largely inorganic and 
in about half of the samples, including most of basic igneous soils 
and the gleyed subsoils, the .fine sand is richer in inorganic 
phosphorus tha.nthe clay. 

(v) In the topsoils the coarse sands account for 12-22 
percent of the total soil inorganic phosphorus and the fine sands 
for·l8-.50 percent, giving totals of 34-62 percent.in the combined 
sands. The tendency is.for these proportions to increase with 
depth, and in the gleyed subsoils the values for the combined 
sands are of the order of 70-80 percent. 
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(vi) The inorganic phosphorus in the sands, particularly the 
fine sand, is very highly soluble in 0.2NH2SO, and appears to be 
largely calcium-bound. 4 

(vii) The main effect of parent material is that the sands 
particularly the fine sands, are richer in phosphorus and account 
for high proportions of the total soil phosphorus in the basic 
igneous soils, These soils are also relatively rich in aluminum 
and iron. 

(viii) The results emphasize the importance of drainage 
conditions in the phosphorus relationships of the soils. In 
general, poor drainage is reflected.in (a) much lower total 
organic phosphorus, lower total phosphorus, but rathcer, higher 

·total inorgariic phosphorus; (b) a very abrupt fall in the organic 
phosphorus with depth.; (c) higher phosphorus contents for the 
sands, but much lower contents in the clays; (d) higher amounts 
and proportions of the soil inorganic phosphorus present as 
sand and correspondingly.lower amounts and proportions as clay; 
(e) higher acid-soluble inorganic phosphorus in the soils, 
reflecting both the higher amounts and higher solubility of 
phosphorus in the sands, 11 

Bhangoo and Smith (11) fractionated the phosphorus in seven Kansas 

surface soils and corresponding subsoils and found that iron and 

aluminum phosphates accounted for more than half of the total phosphorus 

in surface material and about two-thirds of that in subsoils. Organic 

phosphorus represented about one~third of the total phosphorus in 

surface soils and one fifth in subsoils, 

Walker and Adams (106) analyzed twenty-two grassland soils of 

New Zealand to a depth of 21 inches for carbon, nitrogen, sulphur and 

organic and total phosphorus, They found that the total phosphorus 

content of the soils was closely related to phosphorus content of the 

parent materials, and that the organic phosphorus content of the 

soils was on the average a very high fraction of the total phosphorus. 

The carbon, nitrogen, and sulphur contents were also closely related 

to organic phosphorus (C:N:S:organic P =--= 120:10:1..3:2,7, on the average 

for 20 of the soils to a depth of 21 inches), and as phosphorus is 

the only one of these four elements that must be supported by the 
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parent material, they concluded that, -in the particular climatic 

zone of New Zealand, the major factor governing accumulation of organic 

matter is the phosphorus content of the parent material. 

Nye and Bertheux (83) studied the distribution of phosphorus in 

forest and savannah soils of the Gold Coast (Ghana). They found 

that the forest soils contained much more inorganic as well as more 

organic phosphorus than the savannah soils, in spite of the more. 

intense leaching and deeper weathering of the forest soils. The 

higher amount of organic phosphorus found in the forest soil was 

attributed to the increased amount of organic matter in the forest 

soils. The organic phosphorus content for the soils was closely 

correlated with the organic carbon content. The carbon:phosphorus 

ratio averaged 233 in forest soils and 247 in savannah soils. The 

nitrogen:phosphorus ratio averaged 21.6 in forest soils and 19.5 in 

savannah soils. The C/P and N/P ratios fell with depth in the 

profiles. 

Nye and Bertheux also found that, in the leached forest soils, 

the total phosphorus was greatest in the surface horizons and 

decreased with depth while the savannah soils showed less cle.ar 

evidence of a surface accumulation. In both the forest and savannah 

sites the acid-soluble phosphorus (calicum phosphate) in leached 

profiles fell rapidly to trace values below one foot depth. The 

inorganic alkali~soluble (iron and aluminum phosphates) fraction 

declined much more slowly with depth than the acid soluble fraction. 

The proportion of the total phosphorus in the insoluble form tended 

to increase with depth, corresponding to the declining ,proportions 

of the acid-and alkali-soluble inorganic and the organic phosphorus. 
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The averages for the .forest and savannah soils showed that the insoluble 

phosphorus amounted to more than half of the total phosphorus. The 

amount of organic phosphorus fell with depth, but it fell more slowly 

than might be expected from the fall in total organic matter. 

These show that earlier workers were able to identify calcium, 

aluminum and iron phosphates as important or active forms of soil 

inorganic phosphorus. There remained, however, a highly noticeable 

phosphate fraction which they could not characterize; this was called 

insoluble or residual phosphorus. 

Chang and Jackson (18) developed a more illuminating classification 

and identification of the soil inorganic phosphorus fractions. They 

classified inorganic phosphates in the soil into four main groups: 

calcium phosphate, aluminum phosphate, iron phosphate, and the 

reductant soluble phosphate extractable after removal of the first 

three forms. Calcium phosphate exists mainly in hydro:xyapatite, but 

dicalcium, monocalcium, and octacalcium phosphate also exist in small 

amounts or as transitional forms. Iron, aluminum and calcium phosphates 

also included adsorbed and surface-precipitated phosphates associated 

with the respective types of soil particles. 

Reductant soluble phosphate is the fraction which earlier workers 

had referred to as insoluble, residual or lattice phosphorus. Chang 

and Jackson (18) showed that this insoluble fraction is almost 

completely dissolved by the dithionite-c.itrate reduction-chelation 

procedure of Aguilera and Jackson (3) for dissolving free iron oxide 

coatings. An iron oxide precipitate apparently. is formed on the 

surface of.iron phosphate and on the surface o.f aluminurn..;iron 

phosphate (barrandite-like) in the course of chemical weathering in 



soils by hydrolysis of. iron phosphate and other iron salts. The 

relative insolubility of iron oxide in the extractants for the other 

inorganic phosphate fractions must account for the fact that phosphate 

thus covered can only be dissolved after the removal of the iron oxide 

coating. The reductant soluble phosphate has also been referred to 

as occluded phosphate. 

Other workers have observed that total phosphorus tends to 

decrease with increasing profile depth but Hamilton and Lessard (52) 

found the reverse to be true when they fractionated the phosphorus of 

a Canadian soil. They found that the total phosphorus content of the 

soil layers varied from 425 ppm in the 6-12 inch· layer to 538 in 

the 18-24 inch layer. The contribution of calcium phosphates to 

total phosphorus increased from 41.1 percent in the surface layer to 

88.4 percent in the 18-24 inch layer. Aluminum phosphate was highest 

in the 0-6 inch layer and accounted for five percent or less of the 

phosphorus in the sub-surface layers. Iron phosphate concentration 
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was negligible for all layers. "Residual phosphates," which are 

comprised of occluded iron and aluminum phosphates, formed a substantial 

percentage of total phosphorus in the surface soil. Organic phosphorus 

decreased with depth of soil profile. 

Bates and Baker (9) investigated the distribution of phosphorus in 

the profile and in various soil fractions of a Western Nigerian soil. 

They found that the soil phosphorus was accumulated in the surface 

soil. Below.two inches there was a marked fall.in total phosphorus, 

reflecting a large decrease in the amount of organic phosphorus. 

Thereafter the total phosphorus was fairly constant down the profile. 

The concentration of phosphorus in the iron concretions was considerably 

higher than in the surrounding fine earth. In the gravel horizon; 



12-30 inches, over 80 percent of the tot.al phosphorus at this level 

was immobilized in the concretions. 

Dormaar and Webster (34) studied the status of organic phosphorus 

in some Alberta soils and found. that total organic phosphorus content 

.decreased with increasing depth in all profiles. They concluded that, 

for the soils studied, organic phosphorus formed an integral part of 

the organic matter. 

Under the leadership of Chang and Jackson (19), the distribution 

of inorganic phosphorus in the soil has been carried.into the realm 

of soil weathering and genesis. They fractionated the inorganic 

phosphorus of soils representing some widely different major soil 

groups -- using the Chang and Jackson (18) fractionation procedure. 

They found.that three horizons of one chernozem profile, a dark 

brown soil, and the calcareous C1 horizon of a grey-brown podzolic 

soil contained 68-95 percent of their inorganic phosphorus in the 

form of calcium phosphate, the other forms decreasing exponentially 

.in the sequence. The inorganic phosphorus of two latosols increased 

exponentially. in the order calcium phosphate (one percent), aluminum 

phosphate (0-3 percent), iron phosphate (10-13 percent) and occluded 

(reduct ant soluble) phosphate ( 66-78 percent). Three samples of 

podzolized soils contained intermediate distributions of the four 

phosphates. They concluded that the distribution of soil inorganic 

phosphorus in soils measured the degree of chemical weathering, 

the chemical weathering sequence being calcium phosphate, aluminum 

phosphate, iron phosphate, and occluded phosphate. 

This conclusion of Chang and Jackson (19) has been confirµi.ed 

by other workers in different parts of the world. 

16 
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Chu and Chang (21) fractionated. the pho.sphorus of some soils of 

Taiwan. They found the .discrete fractions distributed in a pattern 

influenced by soil genesis. Iron phosphate was dominant .in the pattern 

to which highly weathered latosols belong; calcium phosphate was 

dominant in the pattern for calcareous soils, mudstones, alluvial 

soils, saline alluvial, slate alluvial and schist alluvial soils; 

while·iron phosphate and calcium·phosphate were dominant.in acid 

sandstones and shale alluvial soils. 

Hesse (57) found the distribution of phosphorus in the mud from a 

Sierra Leone mangrove swamp to be as follows: water-soluble phosphorus 

(2 ppm), aluminum phosphate (6ppm), iron.phosphate (29 ppm), reduct.ant 

. iron phosphate (nil), calcium phosphate (25 ppm), organic phosphorus 

(485 ppm). Thus 87 percent of the total phosphorus is in organic 

combination and the remainder is almost entirely associated with iron 

and calcium. Hesse concluded that the absence of occluded forms of 

phosphorus was not surprising since the swamp muds are comparatively· 

unweathered. Hesse (58) obtained similar results when he fractionated 

the phosphorus in the mangrove swamp muds collected from Warri, ~igeria. 

Benavides (10) fractionated the inorganic phosphorus of some 

. tropical soils of Colombia, .South America and a profile of an 

Oklahoma ~nco soil series (a reddish prairie soil) for purposes of 

comparison. The results showed that calcium phosphate was the most 

important fraction in the Minco soil; reductant soluble iron phosphate 

was. not important and varied from five to seven percent .. of total 

phosphorus. On the contrary,. reduct.ant soluble. iron phosphate went 

up to 54: percent of tot.al phosphorus in some of the tropical soils 

(which were more strongly weathered than the Oklahoma soils). Ohiaeri 



(84) determined the stages of weathering of some Oklahoma soil series 

by studying the distribution of inorganic phosphorus fractions in 

their profiles. 

Dahnke et al. (27) .made a study of the phosphorus fractions in 

selected soil profiles of El Salvador, Central America. They observed 
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that, in the younger soils, a greater proportion of the total phosphorus 

was inthe organic and the readily available forms, while in the older 

soils nearly all the phosphorus was found as occluded iron phosphate 

and in unweathered minerals. 

The above results show that, within limits, the stage of chemical 

weathering of a soil could be assessed from a knowledge of the distribu

tion of the various inorganic phosphorus fractions in it. 

Available Phosphorus in Soils 

It is recognized that only a fraction of the phosphorus in soils 

is available for direct use of growing plants. Several methods have 

been devised for the measurement of this available phosphorus fraction. 

One of the earliest ones was that of Truog (102) in which the available 

phosphorus is extracted from soil with 0.002N :sulfuric· .acid. ''This was 

followed by the method of Morgan (80) in which the extracting solution 

is 10 percent sodium acetate. Bray and Kurtz (13) later introduced 

their Nos. 1 and 2 methods; in the No. 1 method the extraction 

solution is made up of O.OJNNH4F and 0.025NHC1; the No, 2 extraction 

solution is made up of O.OJNNH4F and O.lNHCl. Olsen et al. (86) 

introduced a method in which the extraction solution is 0.5MNaHC03. 

Saunder (94) suggested the use of hot O.lNNaOH for extracting .available 

phosphorus in tropical soils, particularly red earths, where phosphorus 



is rei;,ained in strongly adsorbed forms. Recently, Al-Abbas and 

Barber (4,5), by correlation of soil phosphorus fractions with 

phosphorus uptake by millet, developed a method in which available 

phosphorus is extracted with a solution of O.JNNaOH and 0.5NNa2C204, 

Different merits; and demerits have been claimed for each of the 

above methods of determination of available phosphorus but a 

particular method becomes useful only when the results obtained with 

it could be correlated with crop responses to fertilizer in the field 

for the particular area concerned. Pratt and Garber (91), and Chai 

and Caldwell (15) have made a comparison of some of these methods. 
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Weir (107) evaluated some of the above methods on some Jamaican soils. 

According to him, in the order of decreasing precision of estimating the 

available phosphorus of the soils, the methods are as follows: . (1) 0.002N 

sulfuric acid method by Troug; (2) O.lNHCl method by Bray; (3) 0.5MNaHC03 

method of Olsen and co-workers; (4) 10 percent sodium acetate method 

of Morgan; and (5) O.lN sodium hydroxide method of Saunder. 

The available phosphorus forms in soils are regarded as contributed 

essentially by the inorganic phosphorus fraction and organic phosphorus 

not contributing until it is mineralized to the inorganic form. The 

occluded fraction of the inorganic phosphorus, by its inactive nature, 

is regarded as not making any important contribution to the available 

phosphours in soils. Dean (30), for example, in his w9rk on the 

classical plots of Rothamsted and Woburn found that occluded phosphorus 

(which was then termed insoluble phosphorus) in the soil was not 

changed by the long-continued use of phosphatic fertilizers. Calcium, 

aluminum and iron phosphates are thus the phosphorus fractions which are 

regarded as making the major contributions to available phosphorus. The 

solutions used in extracting available phosphorus . are believed to 
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extract a proportionate part of each of these fractions. The amount 

of either calcium, aluminum or iron phosphate extracted by any solution 

will depend on the relative solubilities of the different.fractions in 

the particular solution. The correlation found.between .chemically 

.determined available phosph0rus and any of calcium, aluminum or.iron 

phosphate may thus largely.depend on .the method by which the available 

phosphorus was characterized, 

Ohiaeri (84), working with some·Oklahoma soils found a significant 

correlation between aluminum. phosphate and Bray and Kurtz No. 1 

available phosphorus but there was no significant correlation with 

calcium.phosphate; there was no correlation with iron phosphate and 

organic phosphorus. The lack of significant correlation between 

available phosphorus and calcium phosphate has also been observed by 

Pratt and Garber (91) and by Chai and Caldwell (15) who argued that 

.calcium phosphate as measured by the Chang and Jackson (18) technique 

is not related to phosphorus availability as indicated by the aray 

and the sodium bicarbonate tests. 

Benavides (10), on the other hand, working with tropical soils of 

Colombia, South America found significant correlations between Bray 

and Kurtz No, 1 available phosphorus and calcium phosphate, iron 

phosphate and organic phosphorus but no significant.correlation with 

aluminum phosphate. 

According to Russell (93), the _assumption that there is a fairly 

definite pool of available phosphate in the soil fails .. for soils. in which 

most of the potentially.available phosphate is in the soil organic 

matter, such as exhausted soils very·low.in available mineral phosphate 

which .have -recently, been given dressings of farmyard,I manure, or many 

tropical soils o~ old land.surfaces. In these soils the organic 



phosphate is mineralized.in flushes, in phase with the flushes of 

decomposition of the soil's organic matter. Simple chemical extrac

tion methods are, therefor!=), unsuitable for-measuring the phosphate 

supply available to the crop and though an incubation method is more 

suitable, the supply.depends on the concordance in time between the 
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crop I s ·.requirements for the phosphate and its production from the 

organic matter. lt is probable that the amount of organic phosphate 

mineralized can be estimated from the readily.extractable and oxidsable 

organic matter, and that the proportion act-ually liberated in the field, 

or the relative importance of the organic to the inorganic phosphates, 

is greater the higher the soil temperature d-uring·the growing season. 

Abd-ul (1) st-udied the effect of lime on the availability of 

. phosphorus in the soils of El Zamorano, Honduras. He observed that 

highly significant. yield. incre.ases were obpained · when the _acid soil 

( pH j. 5) was limed to a pH of 6. 5. The highest yields were obt,ained 

on plots receiving both lime and phosphorus, According to Abdul (1) 

the major portion of the potentially availabie phosphorus in 

Zamorano soils is in the organic fraction; analysis-of the finail soil 

samples showed that liming liberated the phosphorus·locked up in_the 

organic form. and increased.the efficiency of applied phosphorus for 

crop use. 

Dalton et al. (28), observed that organic matter -added to the 

soil as an amendment was effect:i.ve in increasing the availability of 

soil phosphate. The fixation pvoducts of phosphate with .iron and 

aluminum, .they stated, were relatively-poor sources of phosphate for 

plants. The activity of the organic matter in making soil phosphate 

available was attributed to the ability of certain met_abolic ·products of 
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microbiological decomposition to form stable complex molecules with the 

iron and aluminum that ar~ responsible.for phosphate fixation in acid 

soils. 

Acquaye (2) in G;hana found that the high correlation between cocoa 

yield response and. organic phosphorus content of the top soil in nitrogen 

and phosphorus treated plots could.be explainedby.the.fact that the 

nitrogen and phosphorus increased the mineralization of the soil 

organic phosphorus. 

Under certain .conditions, water-logging and flooding have been 

shown to make soil phosphorus more available to crops. Islam and Elahi 

(61) observed that, by "(ater~logging alone~, the amounts of ferrous 

iron and readily soluble phosphours increased and the addition of 

oxidizable organic matter increased this transformation. Accora.ing' t.o 

them, whatever may be ·the mechanism of this reduction (ferric ... ferrous), 

water~logging seems to mobilize the·fixed phosphorus in the soil and 

make it more available to the plants; further, the addition of organic 

matter such as green manures will make the phosphorus more available. 

Islam and Choudhury (60) studied the distribution of iron, manganese 

and phosphorus in the paddy. soil profiles of Dace.a, East Pakist.an. 

They observed.that, under water~logged conditions·there was a higher 

concentration of phosphorus over the initial concentration at the 

surface layers than atttie lower layers. They believed this was due 

.to its, movement as salts of iron and manganese, and .its distribution 

pattern has been.determined.by them. Under water~logged conditions, 

iron and manganese,because of their abilityto exist in different 

valence states, not only.determine their own distribution pattern in 

the paddy soil profile and availability of phosphorus to plants, but 



also exert great influence on the distribution and availability to 

plants of other nutrients, particularly phosphorus and sulfur. 
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Shapiro (95).measured.the effect.of flooding on the availability of 

soil and applied phosphorus and nitrogen .to rice·on rice soils and other 

soils. lfe found that flooding increased the yield, .phosphorus uptake, .and 

nitrogen uptake by rice. These increases occurred with both lowland 

(Colusa) and an upland (~orean) variety of japonica rice. The 

flooding increased the availability of soil phosphorus, but had no 

apparent effect on the availability of soil nitrogen. The applied 

phosphorus and nitrogen were both utilized more efficiently.under 

flooded conditions. In a later work Shapiro (96) showed that the 

addition of spent brewer's hops·to soil increased both the j,,norganic 

and organic phosphorus content of the.flooded .soil solution .for all 

sampling ~ates. According to hin)., reduction is the more important 

.effect of .both flooding and organic matter. 

Basak and :ahattacharya (7) studied phosphate transformations in 

rice soil in West Bengal, India, They concluded th~t water-iogged 

soils tend.to show .an unique capacity of regenerating an increasing 

quantity of available pho.sphorus during the active period of crop 

. life, According to them the source. of. i,ts supply .a.nd the ca.use of 

its regeneration were probably embraced in the release of phosphorus 

·from the mineralization of organic phosphorus ·and the reduqtive trans

.formation of iron and ~luminum phosphates under anae:robiosis developed 

due to water...;logging. The a.mount of pho.sphorus regeneration from these 

sources seemed.to be.large enough to provide heavy:insurance against any 

possible shortage in its requirement by a heavy crop. 



Sperber (97) has shown that sulfides in the soil (produced mainly 

·by micro-organisms) may.reduce ferric phosphate to ferrous sulfide 

and release available phosphate, Sesquio.xides would gre~tly hinder 

release of phosphates by this mechanism, but in water~logged siliceous 

soils, low. in sesquio.xides. but. high in .hydrogen sulfide, rele.ase of 

.phosphate might be of importance. 

This phenomenon by which flooding and water-logging ·make phosphorus 

.more ayailable .as a result of reduction is of tremendous importance 

in the fertility of paddy or swamp rice soils. The reduction 

considerably hinders the accumulation of occluded phosphate so that 

the percentage of this fraction oL inorganic phosphate is always low 

in paddy soils. 

Phosphorus Fixation and its Mechanism 

It has long been recognized that phosphates added to the soil 

soon become fixed or immobilized. This phenomenon has been of 

considerable interest since the extent to which a particular soil will 

fix added phosphates will determine the efficiency.and economics of 

fertilizer use on .the soil. 

Phosphorus fixation has been defined in different ways. Davis (29) 

states that phosphate fixation is t.aken to imply the following phenomenon: 

"When a solution of orthophosphates is applied to soil, there is a 

decrease in the concentration of phosphates in the solution." Dean (31) 

defines fixed phosphorus as the soil phosphorus which.has:become .attached 

to the solid phase of soils. ijidgley (78) defines phosphate fixation 

as the conversion of soluble form and further st,a.tes that. "while this 

fixed phosphate is considered to be insoluble in water, it.may or may 

. not be available to plans. 11 Wild (108) st.ates that "phosphate. fixation 
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is used to describe any.change that phosphorus undergoes in contact 

with the soil, which reduces the amount that the plant roots can 

absorb. 11 According to Dean (31), changes in availability are not 

sufficiently specific to warrant quantitative interpret.ation. It 

.does not necessarily follow that a change in solubility will mean a 

change in availability. 

The mechanisms postulated as being responsible for phosphorus 

fixation are as varied as the definitions given for phosphorus fixation 

itself. Davis (29) postulated the following mechanisms: (a) Cations 

of soluble salts present in the soil or cations replaced from the soil 

by, those present in the solution f~rm. precipitates with the phosphate 

ions. (b) By double decomposition, relatively insoluble soil minerals 

react to form insoluble phosphates. (c) Phosphates are adsorbed at 

the extensive soil-solution interface. (d) Phosphates are adsorbed 

by the soil minerals to form complex systems in one or more of the 

solid soil phases. Kardos (64) places the types of reactions by which 

phosphorus becomes fixed in three general groups: adsorption, 

isomorphous replacement, and double decomposition .involving solubility -

product relations. 

From a consideration of the ionization constants of phosphoric acid 

(H3P04), Bueh:rer (14) has calculated the relation of pH to the relative 

concentration of the undissociated H3P04 and the three ionic species 

, and P04 His work shows that all phosphate reaction 

systems will be fundamentally influenced by the hydrogen ion1. activity 

in the systems. 
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:fy!urp.hy (81) .found. that grinding greatly increased the capacity 

of kaolinite to retain applied phosphate, which is quite indicative 

of adsorption. 

Low.and .Black (74) plotted the amount of phosphorus fixed.by 

26 

kaolinite against the equilibrium concentration of phosphorus in dilute 

solutions and found the data to fit a typical adsorption curve which 

could be repr1sented by a Freundlich adsorption equation having the 

form x/m = ken ' where .x./m = amount of phosphorus adsorbed, c = 

amount of phosphorus remaining in solution, k and n = constants. 

They further found that the degree of adsorption was increased by 

.increasing temperature and, hence, concluded that adsorption was 

chemical. 

Kurtz, De 1urk and Bray (72) found that phosphate adsorption 

curves for different soils were similar in shape and c·ould be expressed 

by an equation of the Freundlich type. 

Hemwall (56), however, states that .since many precipitation 

reactions couldbe characterized by the Freundlich isotherm, it is 

fallacious to characterize phosphorus fixation as adsorption on the 

basis of compliance with the Freundlich isotherm al.one. 

Rennie and McKercher (92) found that adsorption of phosphorus 

by four Saskatchewan soils of differing colloid content showed close 

agreement with the Langmuir isotherm when final phosphorus solution 

concentrations were less than 201(.gP/ml. They contend that.the 

Freundlich equation is an empirical equation which is not specific, 

·in that it applies to a wide.range of equilibrium phosphorus concen-

trations. In contrast, the Langmuir isotherm has a sound theoretical 

derivation, is specific for smaller amounts of adsorbed phosphorus 



.and more dilute equilibrium phosphorus concentrations (more · likely to 

be encountered in normal fertilizer applications of phosphorus), and 

an adsorption maximum can be calculated. 

Olsen and Watanabe (85), and Fried, arid''Sh!;1piro'.:(45)'faid 'earlier 

shown that.constants calculated from the Langmuir isotherm permit ,a 

sound theoretical approach to some of the problems of phosphorus 

retention ,in soils. 

The L~ngmuir adsorption equation may be written in the form 

In linear · form this equation becomes 

c/x/m = 1 + c, 
kb b 
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where c .= the final solution concentration ( equilibrium concentration) 

. in A(.gP/ml, 

x =)(gP adsorbed per gram of soil 
m 

b = the adsorption maximum and 

k. = a constant .related to the bonding energy of the ,soil 

cellli'.lids for.the phosphorus • 

. A straight.-line plot of c/x./m. against c can be assumed to be 

.i,ndicative of an adsorption reaction. 

Hsu (59) has also obtained results which indic.ate that the 

relationship between the phosphate fixed and the concentration of 

phosphate·in solution follow.the Langmuir adsorption .isotherm. ·He 

successively extracted one of his phosphated samples ten times with 

0.0015NKC1 solution and found that the phosphate desorption again 

foll0wed the Langmuir adsorption isotherm. 
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Wada (105) in studying the ·reaction of ammonium phosphate with 

allophane and halloysite observed high phosphate retention by h,alloysite 
0 

at pH 7 .0. X....;ray ,analysis revealed that the ·10.1 A spacing of halloy-
0 

site shifted to 13.2 A. A type of physical adsorption of ammonium 

phosphate between the silicate layers of h,alloysite, probably forming 

.a monolayer of (NH4) 2HP04, was. suggested by. Wada_, as a probable 

mechanism of the reaction. 

Most of the results obtained in the study of phosphate fixation 

in acid soils point to the fact that fixation _is primarily due to 

the formation of iron and aluminum phosphate compounds. Many workers 

(10,25,26,35,36,37,44,50,63,69,l04) have shown.that the ability of 

acid soils to fix phosphorus is directly related to their contents 

of iron and aluminum. Most of these workers were able to show 

conclusively.· that . removal of the iron and aluminum oxides, from the 

soil samples studied, drastically reduced the phosphate fixing 

capacity of the soils. Coleman et al. (24) observed that the amounts 

of phosphate sorbed by sixty subsoil samples from the North Carolina 

Pi,edmont were correlated with exchangeable aluminum content. The 

removal of exchangeable aluminum by salt-lea·ch:i,_ng.·I1eduoed1-pho_s:phlate 

sorption by soils that cont.ained appreciable quantities of this .i.on •.. 

The phosphorus fixed as iron or aluminum phosphate could be 

·further immoblized by the formation of occluded phosphate as described 

·by Chang and Jackson (18). 

It has been shown that precipitates of definite crystalline 

.structure are formed when phosphate reacts with iron, aluminum 

and other elements in the soil (43,54,55,69,70,105). 



Low and Black (73) accounted for the fixation of phosphate by 

. kaolinite by the hypothesis that kaolinite dissociates into aluminum 

and silicate ions and.that phosphate precipitates the aluminum ion, 

thereby disturbing the equilibrium and causing the clay to dissolve 

in accordance with solubility product principles. A similar 

observation was made by Xittrick and Jackson (68) and by Tamimi et 

al. (100). 

Phosphorus fixation in alkaline and calcareous soils is·usually 

attributed to the formation of phosphate compounds of calcium. 
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In addition, however, the iron and aluminum compounds responsible for 

fixation in acid soils are also responsible for some fixation in soils 

of higher pH. Cole et .al. (22) studied the sorption of phosphate on 

calcium carbonate and suggested that .when soluble phosphate fertilizers 

are added to calcareous soils, the reactions with calcium carbonate 

consisted of rapid monolayer sorption on calcium carbonate surfaces. 

Work by'Stout (99), Kelley and Midgley. (67), Low and Black (74) 

ind.icate that phosphate fixation could. be accounted for· by the 

isomorphous replacement of hydroxyl and silicate ions of clay and 

other soil minerals by phosphate ions. Benavides (10) found that the 

silicate treatment of some tropical soils increased the amounts of 

available phosphorus although he did.not consider that such a practice 

could be of economic importance. 

There has not been very much agreement among research workers on 

the possible role of organic matter in phosphate fixation. 

Doughty (36) studied phosphate fixation as influenced by organic 

matter and concluded that soil organic matter as such had only a 

minor role, if any, in the fixation of phosphorus in difficult>ly available 

form when soluble phosphatic fertilizers are added to the soil. 



Rennie and McKercher (92), observed that organic matter appeared 

to be equally as important as the inorganic colloids in determining 

the phosphorus adsorption capacity of the soils. Benavides (10) 

in studying the phosphorus sorption capacity of some tropical soils 

of Colombia, South America, found.that there was a highly significant 

correlation between phosphorus sorption capacity and organic carbon 

and that organic matter· had a very important role in the retention 

of phosphorus. 

According to Kardos (64), in general, the overall effect of the 

organic phase in soils has been found to be such as to decrease 

phosphorus fixation. 

The Fate of Phosphate Applied to Soil 

With the increasing precision being attained in the methods of 

phosphorus fractionation it has become possible to trace the trans

formations undergone by soluble phosphates when applied.to soil. 
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Yuan et al. (113) studied the forms of newly fixed phosphorus in 

three acid sandy soils of Florida and found that over 80 percent of 

the applied phosphorus was ret.ained by the soils as aluminum and iron 

phosphates. Less than 10 percent was in the water·soluble and calcium 

phosphate forms. On the average, they recovered 86-97 percent of 

the added phosphorus -- in the water-soluble, aluminum, iron and 

calcium phosphate forms. 

Chang and Chu (:l-7) studied .the fate of added soluble phosphate 

.in six Taiwan soils, with pH ranging from 5.3 to 7.5, kept at field 

moisture capacity for three days and found that the added phosphate 

was mainlyfixed as aluminum phosphate, followed by iron phosphate and 

calcium phosphate. After keeping under the same conditions for one 
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hundred days, the amount of iron phosphate increased while that of the 

aluminum and calcium phosphates decreased. In two latosols the amount 

of iron phosphate surpassed that of aluminum phosphate. Under flooded 

conditions for one hundred days, iron phosphate became the dominant 

form of phosphate fixed in all .six soils. 

Hesse (57) investigated the fixation of inorganic phosphorus in 

. the mangrove swamp muds.of Sierra Leone and found that, where excess 

soluble phosphorus was not continuously present, there occurred a 

loss of aluminum phosphate with time, whereas iron phosphate increased 

in concentration. In the presence of excess soluble phosphorus the 

iron and aluminum phosphates remained constant in amount after their 

initial increase. Hesse thus postulated that the absence of aluminum

bound phosphorus in.the mangrove muds appears to be due to a transfer 

·to iron of any phosphorus which may have been acquired by aluminum. 

B:esse (58) obtained similar results in a later work with mangrove 

swamp muds in Nigeria; in this particular work he found that the 

calcium phosphate initially.decreased ori addition of the phosphorus, 

Ohiaeri (84) traced the transformations of added phosphorus in 

some Oklahoma soils and found that a large portion of the applied 

phosphate was ret.ained as aluminum phosphate. 



CHAPTER III 

MATERIALS AND METHODS 

Soils . 

The soil samples studied were collected from the Mid~West Region 

.of :tirigeria. They represent.the main upland, lowland (swamp) and 

.. the ?lliger River flood plain alluvial soils. · The soils of Mid-Western 

Nigeria have not been mapped.into series, but the upland soils have 

generally been referred.to as soils of the Benin series. The collection 

of the samples was based on a recent .soil survey by the Food and 

Agricti.lture Organization (30) land use survey team. In this survey 

soils were not mapped.into series but .the principal .soil 11types 11 

in the area were identified, described and mapped. 

With the exception of the Niger flood plain soils which are mostly 

,of alluvial origin all the other soils studied were developed on 

sed:j.mentary rocks, mostly unconsolidated sands and sandstones which 

belong to the tertiary in the Eocene age. 

Table I(a) shows the soils studied andthe sites of collection of 

the samples. for ·ease of description the names in the last.column of the 

table have· been tentatively adopted fer the soils. 

'l'hree samples.of each of.the soils shown in Table I (a).were collected; 

sampling in e.ach case .was done at 0-12 •inches .and· from areas with no 

previous fertilizer application. 
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TABLE I(a) 

SOIL SAMPLES AND SITES OF COLLECTION 

Soil Site.of Collection Descriptive Name 

A, SOILS DEVELOPED ON 
.SEDIMENTARY ROCKS, MOSTLY 
.UNCONSOLIDATED SANDS AND 
. SANDSTONES 

(i) Dominantly clayey upland 
soils (Slopes 5-20%) 

(ii) .Steeply dissected and 
steeply rolling upland soils 
having areas with and without 
lateritic gravel (Slopes 5-25%) 

(iii) Dominantly sandy upland 
soils (Slopes less than 20%) 

(iv) Flat to gently rolling 
lowland soils with seasonal 
swamps along the broad drainage 
channels (Slopes 1-3%) 

(v) .Soils of the seasonally 
water~logged Kwale plains 

B. SOILS OF THE NIGER DELTA 
AND RIVE~INE AIJ,UVIUMS 

(i) Fresh water swamps and 
alluvial soils of the Niger 
Delta, and.riverine flood 
plains 

Benin City 

Auchi 

Umutu 

Ughelli 

Ogume 

Ashaka 

Benin Upland Soils 

Auchi Upland Soils 

Umutu Upland Soils 

Ughelli Lowland 
Soils 

Ogume Lowland Soils 

Ashaka Swamp Rice 
Soils 

The·description of the Benin upland soils as dominantly clayey is 

purely relative and not absolute. The alluvial soils of the Niger flood 

plain are mainly used for the growing of swamp rice (paddy) hence the 

descriptive name of "swamp rice soils" has been given. 

More.details of the soils are given in the appendix. 



Climate 

The Mid-West Region, which·lies between 4.and 8° North of the 

equator has two climatic seasons, the rainy season from April to 

O,ctober and.the dry season from November to March. AJmost all of 

the annu.al precipitation occurs during ·the rainy. season and the 

average annu_al rainfall varies from 140 inches in the extreme 

south (Atlantic Coast) of the region to less than 60 inches in the 

northern fringe. The rains are brought by southwesterly_winds from 

across the Atlantic . Ocean while the dry spell is brought . by north-

easterly harm.at tan winds from .the Sahara desert. The influence:, of 

these wind systems vary with distances from their ·sources of origin. 

In most of Mid-'Western ,Nigeria, the mean .daily maximum and ., L'. 

.minimum tempe!'ature are 87°F and 72°F respectively. 

Vegetation 

'rhe principal vegetation zones with which the soil samples 

. st_u.died are associated are shown in Table I(b). These veget.ation 

zones have been des.cribed by Keay ( 66). 

TABLE·I(b) 

SOILS AND THE :PRINCIPAL VEGETATION ZONES ASSOCIATED WITH THEM 

Soil 

(i) ~enin Upland Soils 

(ii) Auchi Vpland Soils 

Vegetation 

Rain Forest 

Rain Forest/Derived S_avannah 
(with Relict Forest) 

Rain Forest 

Fresh water swamp/Rain forest 
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.. (iii) Umut u Upland Soils 

(iv) Ughelli Lowland Soils 

(v) Ogume Lowland Soils Derived Savannah (with relict Forest) 

(vi) .Ashaka Swamp Ei,ce Soils Freshwater Swamp Forest 



In. most cases, · the typical vegetation associated with the 

different areas has: been modified by;local agricultural practices. 
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'l'he derived savannah vegetation of the Ogume Lowland Soils deserves 

special mention. Keay (66) refers to the area as the Sobo plains. 

This derived savannah lacks many of the fire-tolerant savannah 

species which are typical of derived savannah on the northern edge 

of the Forest. Here there are large areas of grassland (dominated 

by Loudetia arundinacea) surrounded by. continuous Rain Forest .and 

with small "islands" of forest within.the 11 sea 11 of grass. The plains 

are water-logged for most of the year and the soils have a dark

greyish color instead of the yellowish brown color of the soils of 

the surrounding Rain Forest. 

Keay. (66) suggests that.the grasslands must have been caused by 

over-intensive farming. The general belief, however, is that the 

plains were previously the course of a creek of the River Niger Delta 

which later disappeared. The riverlike, ramifications of the plains 

and the course which finally joins the Niger Delta tend to justify 

. the latter belief. A profile study of the soils of the plains might 

show if they previously formed the bed of a river. 

There is no agriculture of any kind presently practised in these 

·plains but if scientific methods for their management could be worked 

out they form a potential for·large-scale production of swamp rice. 

General Classification of the Soils of Mid-Western Nigeria. 

In the latest classification of African soils by D'Hoore (33) 

the upland and lowland soils of Mid-Western Nigeria are classed as 

Ferrallitic Soils (sensu stricto). The upland ferrallitic soils 
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have a dominant red color while the lowland ferrallitic soils have a 

dominant.yellowish-brown color; both .soils are developed on·loose sandy 

. sediments; .the lowland soils are strongly leached. 

On the African continent ferrallitic soils cover more than 18 

percent of the total surface. Consequently, the ·ferrallitic soils are 

the most extensive group of cultivable soil units in Africa. They 

reflect the final stages of weathering and leaching, wherein onlythe 

le.ast mobile and least weatherable constituents remain, and where 

kaolinite and even quartz may become altered. 

The soils are often deep and the horizons. are only slightly 

differentiated with diffuse or gradual transitions. There·is little 

or no reserve of weatherable.minerals. Clay minerals are·predominantly 

of the 1:1 lattice type and are mostly associated with large 

quantities of hydrous iron oxides. 

In D'Hoore's (33) classification, the alluvial soils of the Wiger 

flood plain are placed under the main .group of weakly. developed soils. 

These soils have .a low level of profile development, reflected in 

a very weak differentiation of the horizons. 

Oklahoma Soils 

Two surface samples. of Oklahoma soils, represen~ative of the 

Milesand Hartsells series, were,.in addition, studied for·purposes 

of comparison. 

Descriptions of these soils appear·in the appendix. 

Laboratory Methods 

Petermination of Phosphorus: 
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1. Total Phosphorus was determined by perchloric acid digestion 

as outlined by Harper (53). The phosphorus in the digest was determined 

by development of the molybdenum. blue color. 

2. Organic Phosphorus was determined by the method of Metha et al. 

(77). Two grams of soil were successively extracted with concentrated 

HCl and O. 5NNaOH at room temperature and O. 5NNaOH at 90°,C. The 

difference in content of inorganic and total phosphorus in the combined 

extracts was taken as total organic phosphorus in the soil. 

3 •. Inorganic Phosphorus Fractions: These were determined by 

the method of Chang and Jackson (18}. 

(a) Aluminum. Phosphate: 

A 4-.gm sample of soil was placed in a 100-ml centrifuge tube and 

saturated with 50 ml of 1NNH4Cl for 30 minutes on a shaking machine. 

The suspension was centrifuged and the supernatant solution discarded. 

To the ammonium-saturated soil in the centrifuge tube 50 ml. of 

neutral Q.5NNH4F (pH 8.~ for upland soils) was added and the suspension 

extracted on a shaking machine for one hour. The suspension was 

centrifuged and the clear suspernatant solution was decanted for the 

determination of phosphorus. 

Since all the soils are surface soils all the NH4F extracts were 

intensely colored with organic matter. The color was removed by treating 

the extracts with phosphorus-free activated charcoal (Darco G-60). 

Phosphorus was then determined colormetrically in. an aliquot·of the 

colorless extract by Jackson's (62) method II in a choloromolybdic 

acid system. 0.8M boric acid was used to reduce interference from 

fluo~ide ions in the extract. 
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(b) Iron Phosphate: 

The soil sample saved after the extraction of aluminum phosphate 

was washed twice with 25 ml. portions of saturated NaCl solution. It 

was then extracted overnight with 50 ml of O.lNNaOH on a shaking 

machine. The soil suspension was centrifuged and the supernatant 

decanted for the detennination of phosphorus. 

As for aluminum phosphate, all the extracts were highly colored 

with organic matter; 2 ml of 2NH2S04 and a few drops of concentrated 

H2S04 were added to flocculate the organic colloids. Any color that 

remained after centrifuging off the flocculated material was removed 

with phosphorus-free activated charcoal. 

Phosphorus was detennined colorimetrically in an aliquot of the 

colorless extract by Jackson's (62) method I in a sulfomolybdic acid 

sy~~. 

(c) Calcium Phosphate: 

The soil sample saved after the extraction of iron phosphate 

was washed twice with 25 ml. portions of saturated NaCl solution. 

It was then extracted with 50 ml. of 0.5NH2so4 for one hour on a 

shaking machine. The suspension was centrifuged and the supernatant 

solution decanted. An aliquot of the extract was taken for deter

mination of phosphorus as for iron phosphate. 

(d) Reductant Soluble (occluded) Iron Phosphate: 

The soil sample saved after the extraction of calcium phosphate 

was washed twice with 25 ml. portio!l3 of saturated NaCl solution. 

It was then suspended in 40 ml. of O.JM sodium citrate solution and 

then 1.0 gm. of solid sodium dithionite (Na2S204) was added. The 

suspension was heated in a water bath at 80-90°C with constant stirring 



for 15 minutes. The supernatant solution after centrifugation was 

collected in a 100 ml 1 volumetric flask. The soil was washed twice 

with 25 ml. portions of saturated NaCl solution, the washings being 

combined with the extract in the 100 ml. flask. 

The solution in the flask was made up to volume. A 5 ml. 

aliquot of this solution was oxidized with 72 percent perchloric acid 

instead of the 30 percent hydrogen peroxide recommended by Chang and 

Jackson (18). After oxidation phosphorus was determined as for iron 

phosphate. 

(e) Occluded Aluminum Phosphate: 

The soil residue saved after tpe extraction of occluded iron 

phosphate was extract~d with 50 ml. of neutral normal NH4F for one 
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hour on a shaking machine. The suspension was centrifuged and an aliquGt 

of the supernatant was taken for determination of phosphorus as for 

aluminum phosphate. 

Soil Properties 

Physical properties: 

1. Mechanicai Analysis: The particle size distribution of the 

soils was dete:rni.ine<;i by use of the soil hydrometer (12). 

Chemical properties: 

1. Soil J!!: This was determined by means of the Beckman Zeromatic 

pH meter. 

2. Cation Exchange Capacity: This was determined by the neutral 

lN ammonium acetate method. The adsorbed ammonium was displaced by 

distillation with magnesium oxide (62). 



3. Exchangeable Cations: Exchangeable calcium and magnesium 

were determined from the ammonium acetate leachate by means of the 

versenate titration as outlined in the USDA Handbook No. 60 (103). 

Exchangeable sodium and potassium were determined from the ammonium 

acetate leachate by the Beckman Du~flame spectrophotometer with a 

photomultiplier attachment. 

4. Exchangeable Aluminum: Exchangeable aluminum was extracted 

from the soils by means of lN ainmonium acetate solution of pi 4,8 as 

outlined by McLean et al. (76). The exchangeable aluminum in the 

extracts was determined by the aluminon method of Chenery (20). 

5. Free Iron: This was determined colorimetrically from the 

citrate-dithionite extract obtained in the determination of occluded 

iron phosphate (62). 
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6. Available Phosphorus: The No. 1 method of Bray and Kurtz (13) 

was used for the determination of available phosphorus. 

7. Total Nitrogen: This was determined by the Kjeldhal method (53). 

8. Organic Matter: This was determined by .the Schollenberger 

method as outlined by Harper (53), The organic matter was oxidized 

by chromic acid in the presence of excess H2S04, with external: heat 

applied, the excess of standard chromic acid being back titrate::! 

with a ferrous solution. The percentage of carbon was calculated by 

dividing the percentage of organic matter by the conventional factor 

of 1,724, 



Fate of Applied Water Soluble Phosphorus 

A 5 ml. aliquot of a 400 ppn standarized solution of monobasic 

ammonium phosphate, (NH4H2Po4) was added to a 10 gm. soil sample 

in a 250 ml. beaker to give 200 miGrograms of phosphorus per gram of 

soil. The soil was allowed to come to dryness at room temperature 

over a three-day span and then fractionated for phosphrous. Another 
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set of the same soils was similarly ,treated but left to stand at room 

temperature for thirty days. During the thirty day period the soils were 

kept at approximately field capacity by periodic watering from a 

wash bottle and finally allowed to come to dryness by the end of 

thirty days; the soils were then fractionated for phosphorus. 

The above procedures were repeated using dibasic ammonium 

phosphate, (NH4) 2HP04• 

In the phosphorus fractionation 1NNH4Cl, 0,5NNH4F, O.lNNaOH, 

0 . 5NH2so4 were respectively used for the extraction of water soluble 

(saloid-bound), aluminum,iron and calcium phosphate fractions. 

Occluded phosphate was not determined. 

The phosphorus fixed was taken as the difference between the 

concentrations of phosphorus added to the soil and the phosphorus 

recovered as water soluble after the three-and thirty-day periods. 

Statistical Analyses were made as outlined by Ostle (87), 



CHAPTER IV 

RESULTS AND DISCUSSION 

Particle Size Distribution 

Table II(a-g) shows the particle size distribu.tion of the 

soils. The Mid-Western Nigerian soils ranged from sands through 

loamy sand to sandy loam. On the average, the Benin upland soils had 

the highest percentage of clay. For the upland soils the silt/clay 

ratio is very. low (less than O. 5 in all cases). D 'Hoare (33) gives 

0.25 as the average silt/clay.ratio for the ferrallitic African soils 

to which these soils belong. In the lowland soils, the silt and 

clay tend to be equally distributed; the Ashaka, swamp rice soils also 

show this tendency. 

'rhe Oklahoma Hartsells soil is a loamy sand while Miles is a 

loam. The silt-clay relationship for these soils is entirely a 

reverse of the ones for the Nigerian soils, · the silt percentage being 

predominant over the clay percentage. This may be due to the fact 

that the Oklahoma soils are not as strongly weather~d as the Nigerian 

soils. 
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TABLE IIa 

PARTICLE SIZE DISTRIBUTION: BENIN UPLAND SOILS 

Sample No. Al75 Al76 Al77 

Depth 0-12 11 0~12 11 0-12 11 

Particle Size 
Distribution% 

Sand 69 73 75 

Silt 8 5 7 

Glay 23 22 18 

Textural Class Sandy Loam Sandy Loam Sandy Loam 

TABLE IIb 

PARTICLE SIZE DISTRIBUTION: AUCHI UPLAND SOILS 

Sample No. A404 A405 A406 

Depth 0..,;12,'! 0-12'! 0.,,.12 11 

Particle Size 
Distribution % 

Sand 87 89 90 

Silt 3 3 1 

Clay 10 8 9 

Textural Class Sand Sand Sand 
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TABLE IIc 

PARTICLE SIZE DISTRIBUTION: UMUTU UPIAND SOILS 

Sample No. A467 A468 A469 

Depth 0-12 11 0~12 11 0-12 11 

Particle Size 
Distribution % 

Sand 85 87 89 

Silt 4 2 2 

Clay 11 11 9 

Textural Class Loamy Sand Loamy Sand Loamy Sand 

TABLE IId 

PARTICLE .SIZE DISTRIBUTION: UGHELLI LOWLAND SOILS 

Sample No. A447 A448 A449 

Depth 0-12 11 0-12 11 0 ... 12.11 

Particle Size 
Distribution% 

.Sand 85 65 77 

Silt 7 17 12 

Clay 8 18 11 

Textural Class Loamy Sand Loamy Band Sandy Loam 
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TABLE IIe 

PARTICLE SIZE DISTRIBUTION: OGUME LOWLAND SOILS 

Sample No. A490 A491 A492 

Depth 0-12 11 0 ... 12 11 0-12 11 
I 

Particle Size 
Distribution% 

Sand 82 84 79 

Silt 8 10 12 

Clay 10 6 9 

Textural Class Loamy Sand Loamy Sand Loamy Sand 

TABLE lif 

PARTICLE SIZE DISTRIBUTION: ASHA.KA SWAMP RICE SOILS 

Sample No. A464 A.465 A466 

Depth 0~12 11 0..:.12 11 0..:.12 11 

Particle Size 
Distribution% 

Sand 78 81 85 

Silt 7 10 8 

Clay 15 9 7 

Textural Class Loamy.Sand Loamy Sand Loamy Sand 



TABLE Ilg 

PARTICLE SIZE DISTRIBUTION: OKLAHOMA SOILS 

Sample No. 62.-S-693 62-S-715 
(Hartsells) (Miles) 

Depth 0-3" 0-3 11 

Particle Size 
Distribution% 

Sand 54 50 

Silt 38 29 

Clay 8 21 

'l'extural Class Loamy Sand Loam 

Chemical Properties of the Soils 

The essential chemical characteri~tics of the soils studied are 
I 

shown in Table III(a-g). 

With the exception of the Ashaka swamp rice soils (which are 

weakly acid), .all the Nigerian soils studied are strongly acid, the 

pH in water ranging from . 4. 5 to 5. 7. On'. ·the average the Ashaka 

soils have a pH of abo~t 6.0. Soluble salts and bases (from the 

sea) carried up the Niger Delta Creek (Ase) on whose banks the Ashaka 

soils were collected might account for the higher .. !if of these soils. 
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The Oklahoma Hartsells soil is weakly acid while Miles is approximately 

neutral. 

For all the soils there were noticeable decreases in pH values when 

pH was determined in lNKCl; thiq indicates presence of exchangeable 

aluminum. 
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TABLE .IIIa ' 

CHEMICAL PROPERTIES: BENIN UPLAND SOILS 

Sample No. Al75 Al76 A.177 

Depth 0-12 11 0-12 11 0-12 11 

pH (Soil:Water 1:1) 4.50 4.50 5.60 

pH (Soil:Water 1:2.5) 4.50 4,80 5.50 

pH (Soil:lNKCl 1:2.5) 3.90 4.00 4.60 

C.E.C.-1~(m.e./lOO gm.) 5.85 4.75 4,85 

Exchangeable Cations 
(m. e. /100 gm.) 

Calcium 0.30 0.65 1.70 

Magnesium 0,15 0.25 0.70 

Potassium 0.07 0.11 0.11 

Sodium 0.10 0.19 0.21 

Aluminum 2.22 1.43 0.82 

Hydrogen 3.01 2.12 1.31 

Exchangeable Aluminum (ppm) 200.00 128.75 73.75 

% Base Saturation 10,59 25.26 56.08 

% Organic Matter 6.40 6.60 6.24 

% Carbon 3.71 3.$2 3,61 

% Nitrogen 0.31 0.3.3 0.41 

Carbon:~itrogen Ratio 11.96 11.57 8.80 

% Free Iron 1.17 1.56 1.04 

Available Phosphorus (ppm) 3,10 3,50 3,50 

-!~Cation Exchange Capacity 



TA;BLE IIIb 

CHEMICAL PROPERTIES: AUCHI UPLAND SOILS 

Sample No. A404 A405 A406. 

Depth Q..;12 11 Q..;12 11 0-12" 

pH (Soil:Water 1: 1) 4.90 4.90 5.50 

pH (Soil:Water 1:2.5) 5,10 5,10 5,70 

'pH (Soil:lNKCl 1:2.5) 4.10 4.20 4.40 
~~ 

C.E.C. (m.e./100 gm.) 3,30 2.55 2.20 

Exchangeable Cations 
(m.e./100 gm.) 

Calcium 0.40 0.40 0.35 . 

Magnesium 0.35 0.30 0.10 

Potassium 0.08 0.05 0.05 

Sodium 0.19 0.17 . 0.15 

Aluminum .· 0.82 0.76 0.82 

Hydrogen 1.46 0.93 0.73 

Exchangeable Aluminum· (ppm) 73,75 62.50 73. 75 

% Base Saturation 30,90 36.07 29.54 

% Organic Matter 2.64 2.24 1.88 

% Carbon 1.53 1.29 ·1.09 

% Nitrogen 0.19 0.20 0.12 

Carbon:Nitrogen Ratio 8.05 6.45 9.08 

% Free Iron 0.42 0.39 0.19 

Available Phosphorus (ppn) 3.50 4.20 2.80 

~~Cation Exchange Capacity 



TABLE IIIc 

CHEMICAL PROPERTIES: UMUTU UPLAND SOIU;i 

Sample No • A.467 A468 A.469 

. Depth 0-12 11 0-12 11 0-'12 11 

pH (Soil:Water 1:1) 5.90 4.70 4.70 

pH (Soil:Water 1:2.5) 5.90 4,90 4.90 

pH (Soil:lNKCl 1:2.5) 5.10 4.20 4.00 

~\ I ) C.E.C. m.e. 100 gm. 5.30 3.30 3.15 

E::,cchangeable Cations 
(m.e./100 gm.) 

Calcium 2.10 0~20 0.30 

Magnesium 1.80 0.20 0.15 

Potassium 0.12 0.05 0.05 

Sodium 0.13 0.13 0.13 

Aluminum 0.83 1.08 0.65 

Hydrogen 0.32 1.64 1.87 

Exchangeable Aluminum (pp:!!.) 75.00 187.50 58.75 

% Base Saturation 78.30 17.57 20.00 

% Organic Matter 9.60 6.80 2.92. 

% Carbon 5.56 3.94 · 1.69 

% ~itrogen 0.63 0.35 0.16 

Carbon:~itrog~n Ratio 8 • .38 11.26 10.56 

% Free Iron 0.25 0.30 0.28 

Available Phospho~us (ppn) .5.20 3.50 2.80 

~~Cation Exchange Capacity 



TABLE IIId 

CHEMICAL PROPERTlES: UGHELLI LOWLAND SOILS 

Sample No. A447 A448 A449 

Depth 0-'12 11 0-12" 0-12 11 

:pH (Soil:Water 1:1) 4.60 4.50 4.60 

pH (Soil:Water 1:2.5) 4.70 4.60 4.50 

pH (Soil:lNKCl 1:2.5) 4.00 3.90 4.00 

C.E.c.-i\m.e./100 gm.) 5.45 4.80 9.50 

Exchangeable Cations 
(m.e./100 gm.) 

Calcium 0.12 0.27 0.40 

Magnesium 0.09 0.10 0.15 

Potassium 0.18 0.20 0.20 

Sodium 0.15 0.17 0.15 

Aluminum 2.77 2.22 2.77 

Hydrogen 2.14 · 1.84 5.83 

Exchangeable Aluminum (ppm) 250.00 200.00 250.00 

% Base Saturation 9.90 15.41 9.47 

% Organic Matter 2.00 2.44 7.00 

% Carbon 1.16 1.41 4.06 

% Nigrogen 0.21 0.18 0.33 

Carbon:Nitrogen Ratio 5.52 7.83 12.30 

% Free Iron 0.15 0.02 0.02 

Available Phosphorus (ppm) 3.50 5.90 7.30 

-l~ 
Cation Exchange Capacity 
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TABLE IIIe 

CHEMICAL .PROPERTIES: OGUME.LOWLAND SOILS 

Sample No. A490 A491 A492 

Depth 0....;12 11 0-12 11 Q....;12 11 

pH (Soil:Water 1:1) 5.70 5.70 5.50 

pH (Soil:Water 1:2.5) 5.90 5,90 5.70 
; 

pH (Soil:lNKCl 1:2.5) 4.70 4.60 4.60 

C.E.c.*(m.s./100 gm.) 3.55 4.05 4.85 

Exchangeable Cations 
(m.e./100 gm.) 

Calcium 0.30 0.30 0.20 

Magnesium 0.04 0.05 0.05 

Potassium 0.32 0.28 0.25 

Sodium 0.24 0.21 0.26 

Aluminum 2.77 2.98 3.12 

:Hydrogen .0.00 Q.32 0,97· 

Exchangeable Aluminum (ppm) 250.00 268.75 281,25 

% Base Saturation . 25.35_ 20.74 15.67 

% Organic Matter 1.76 4.16 5,04 

% Carbon 1.02 • 2.41 2.92 

% Nitrogen 0.14 0.18 0.23 

Carbon:Nitrogen Ratio 7,28 12.68 12.69 

% Free Iron 0.12 · 0.02 0.03 

Available Phosphorus·(ppn) 3,10 4,20 J,50 

-l~ 
Cation Ex.change Capacity 
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TABLE IIIf 

CHEMICAL PROPERTIES: ASHAKA SWA,MP RICE SOILS 

Sample No. A464 M.65 A466 

De th 

pH (Soil:Water l;l) 6.10 5.80 6.00 

pH (Soil:Water 1:2.5) 6.oo 5,70 6.00 

pH (Soil:lNKCl 1:2,5) 5,00 4.90 4.90 

C.E.c,-l*-(m.e,/100 gm.) 4.25 6.05 3.65 

Exchangeable Cations 
(m. e ./100 gm,) 

Calcium 2.40 3,55 1.95 

Magnesium 0.70 0.05 0.15 

Potassium 0.33 0.28 0,30 

Sodium 0.24 0.21 0.19 

Aluminum o.eo 0,35 0.46 

Hydrogen o.oo 1.63 0.60 

Exchangeable Aluminum (ppm) 81.25 31.25 42.50 

% Base Saturation 86,35 67.10 70.95 

% Organic Matter 2.00 3.20 3.68 

% Carbon 1.16 1.85 2.13 

% Nitrogen 0.17 0.29 0.20 

Carbon:Nitrogen Ratio 6.82 6,37 10.63 

·% Free Iron 0.61 0.32 0.25 

Available Phosphor~s (pp!IL) 8.80 87,50 33.50 

-l*-cation Exchange Capacity 
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TABLE IIJg 

CHEll')ICAL PROPERTIES: OKLAHOMA SOILS 

Sample No. 62..:s-693 62-s.,.715 
(Harts ells) (Miles) 

Depth 0-3'' 5-13 II 

pH (Soil:Water 1:1) 6.10 6.90 

· pH (Soil:Water 1: 2. 5) 6.40 7.40 

pH (So~l:lNKCl 1:2.5) 5.60 6.10 
.>L 

C.E.c." (m.e./100 gm.) 6.70 10.80 

Ex.changeable Cations 
(m. e./100 gm.) 

Calcium 3.60 5.00 

· Magnesium 2.30 6.40 

Potassium 0.15 0.41 

Sodium 0.13 0.15 

Aluminum 0.35 0.37 

Hydrogen 0.17 . o.oo 

Ex.changeable Aluminum (ppm) 31.25 33.75 

% Base Saturation 92.23 110. 7·4 

% Organic Matter 2.64 1.16 

% Carbon 1.53 0.67 

% !)Jitrogen 0.13 0.13 

Carbon:ijitrogen Ratio 11.76 5,15 

% Free Iron 0.15 0.48 

Available Phosphorus (ppm) 5.20 1.80 

~*"cation Exchange Capacity 
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Cation exchange capacity was low for all of the Nigerian soils. 

For most of the soils excnangeable aluminum accounted for a considerable 

,part of the cation exchange complex; for the two groups of lowland 

soils (Ogume and Ughelli) it accounted for over 50 percent of the 

cation exchange capacity (with the exception of only one sample). 

In the upland soils (Benin, Auchi and Umutu) exchangeab~ hydrogen 

was mostly dominant over exchangeable aluminum. The Ashaka s.w-amp. 

rice soils had, on the average, the h:ighest base saturation percentage 

(67-86); this might also be due to the sea salt transfer mentioned 

in the discussion of pH. With the exception of two samples, all the 

other Nigerian soils had base saturation percentages of. less than 40, 

Where exchangeable aluminum or hydrogen was relatively high the base 

saturation was greatly depressed; the Ashaka soils had the least 

amount of exchangeable aluminum. 

The dominance of exchangeable aluminUI!l on the exchange complex 

has been ovserved for some acid so:i,ls of North Carolina by Coleman 

et al, (23). They also observed that well-developed upland soils 

had more of exchangeable hydrogen than exchangeable aluminum and other 

metallic cations. 

The cation e4change capacities o;f' the Oklahoma soils were not 

much highertihan the one:;1 for the Nigerian soils but calcium and 

magnesium (instead of altUD.inum and hydrogen) dominated the cation 

exchange complexes. The base saturation for Harts ells. is 92 percent 

while that for Miles is over 100 percent; this super-saturation may 

be due to the presence of salts of calcium, 
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The percentage of free iron was highest for. the Benin upland soils 

followed by.Auchi and '[Jm.utu upland soils. 'l'he high percen~age of free 

iron is expected since the clay minerals in these soils are known to 

be mostly.· associated with large quantities of iron otides (33). The 

lowland and swamp rice soils had the lowest percentages of free iron; 

excessive leaching of the lowland soils might account for this 

difference. Percent free iron was comparatively low for the Okla

homa soils. 

With the exception of the swamp rice soils, available phosphorus, 

determined by.the No. 1 method of Bray and Kurtz was very low for 

all the Nigerian and Oklahoma soils studied. 

The percentage of organic matter varied from about 2 to 9.6 for 

the Nigerian soils. The differences within and among the different 

soils are obviously related to the previous history of.their sites 

of collection; the soils from high forest areas have ,a·higher 

accumulation of organic matter than soils.from disturbed and recently 

farmed sites. Since agriculture is still practised by bush burning, 

the very.fine remains of charcoal in the soils may have affected the 

determination of organic matter - tending to 'give ,higher•' 1.. 

percentages of organic matter. The average percentage of organic 

matter of the Oklahoma soils is about 2. 

Although there is some variaoility in the caroon:nitrogen ratio, 

yet.the nitrogen contents of the .soils are related.to the organic 

matter contents - soils with higher organic matter contents having · 

:higher percent.ages of nitrogen. The carbon:nitrogen ratios are 

shown in Tables III(a-g) and VIII. The carbon: nitrogen ratios for 

all the Nigerian soils lie 'between 6. and 12 and fall, within :~he ir·ange of 

. i;.he ratios for some West African soils reported by Nye and Bertheux (83). 



For a Western Nigerian forest soil, Bates (8) observed the following 

carbon:nitrogen ratios down the profile: 15.7 (for worm casts), 13.6 

(0-2 11 ), 8.1 (2-7 11 ) and 7.0 (7-12 11 ). Nye (82) has est.ablished that in 

the tall grass Guinea savannah areas of West Africa, the carbon: 

nitrogen ratio of sites that have been rested for some time is relatively 

high - about 15. This ratio falls.when the sites have been 

cultivated for some years, owing presumably to further decomposit~on 

of high carbon organic compounds. 

The carbon:nitrogen ratio of the Oklahoma Hartsells soil is 11.76 

while that of the Miles if 5.15. Since both soils have the same 

percentage of nitrogen (0.13) the difference should be due to the 

lower organic matter and carbon content of the Miles soil. The 

Miles soil was sampled at 5-13 inches while Hartsells soil was sampled 

at 0-3 inches so that .the lower organic matter content of the Miles 

soil is expected. Stevenson (98) .observed a narrowing of the carbon: 

nitrogen ratio with dept~ According to him this was due to a 

combination of two factors: (a) an increase, with depth, in the 

relative amount of the so.il nitrogen as fixed ammonium, and (b) the 

presence of a relatively higher amount of nitrogen-rich constituents 

in the organic matter of subsoil as compared with surface soil. 

Distribution of Phosphorus in the Soils 

The distributions of the forms of phosphorus for the soils 

atudied are shown in Table IV· (a-g). 

With the exception of one swamp rice soil which had a total 

phosphorus content of 320 ppm, all the Nigerian soils studied had 

total phosphoFus contents of less than 200 ppm, the range being from 



TABLE IVa 

DISTRIBUTION OF FORM;S OF PHOSPHORUS (ppm)· 
BENIN UPLAND SOILS 

Sample No. Al75 Al76 

Depth Q...;12 11 0-12 11 

Total Phosphorus 139.00 192,00 
Organic Phosphorus 58,30 72,80 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 2.50 3,70 
Iron, Phosphate 15.60 18.70 
Calcium Phosphate 1.20 3.10 

Occluded Aluminum Phosphate 9,40 12. 50 
Occluded Iron Phosphate 60.00 80.00 

Added Total 147,00 190,80 

TABLE IVb 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
AUCHI UPI4ND SOILS 

Sample No. A404 A405 

De 12th Q...;12 11 0-12 11 

Total Phosphorus 75,00 75,00 
Organic Phosphorus 32,50 32.00 
Inorganic Phosphorus Fractions 

Aluminu,m Phosphate 3. 70 3.70 
Iron Phosphate ·6.20 7,80 
Calcium Phosphate 0.60 1.90 

Occluded Aluminum.Phosphate ·2.50 2.50 
Occluded Iron Phosphate 27.50 25.00 

Added Total 73.00 72.9 
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Al77 

Q...;12 11 

181.00 
87,50 

5.00 
13,50 

2.50 
7,50 

60.00 

. 176.00 

A406 

0-12 11 

54,00 
29.20 

.2. 50 
4,60 
1.90 
2,50 

17.50 

58.20 



TABLE IVc 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
UMUTU UPLAND SOILS 

Sample No. A467 A468 

De 2th 0-12 11 0-12 11 

Total Phosphorus 128.00 80.00 
Organic Phosphorus 87.00 47.00 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 7.50 3.70 
Iron Phosphate 7.80 6.20 
Calcium Phosphate 5.00 1.20 

Occluded Aluminum Phosphate 2.50 2.50 
Occluded lron Phosphate 15.00 12.50 

Added Total 124.80 73.10 

TABLE IVd 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
UGHELLI LOWLAND SOILS 

Sample No. A447 A448 

Depth 0..:.12 11 0-12 11 

Total Phosphorus 43.00 6LJ,,.OO 
Organic Phosphorus 16.40 31,30 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 6.20 7.50 
Iron Phosphate 3,10 4,60 
Calcium Phosphate 0.60 0.60 

Occluded Alumin'Ul?l Phosphate 3.80 2. 50 
Occluded Iron Phosphate 6.20 . 12. 50 

Added Total 36.30 59.00 
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A469 

0-12 11 

75.00 
48,00 

2.50 
6.20 
1.20 
2.50 

12.50 

72.90 

A449 

0...;12" 

139.00 
96.00 

9.40 
9.40 
1.20 
2.50 

12. 50 

131.00 



TABLE IVe 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
OGUME LOWLAND SOILS 

Sample No. A490 A491 

Depth 0--]2" 0-12 11 

'rotal Phosphorus 107.00 107.00 
Organic Phosphorus 65.00 68.30 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 7,50 8.80 
Iron Phosphate 6.20 6.20 
Calcium Phosphate 1.20 1.20 

Occluded Aluminum Phosphate 2.50 2.50 
Occluded Iron Phosphate 20.00 15.00 

Added Total 102.40 102.00 

TABLE IVf 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
ASHAKA SWAMP RICE SOILS 

Sample No. A464 A465 

De th 

Total Phosphorus 128.00 320.00 
Organic Phosphorus 46.60 75,70 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 11.20 93 .40 
Iron Phosphate 15.60 75.00 
Calcium Phosphate 20.60 56.20 

Occluded Aluminum Phosphate 6.20 5,60 
Occluded Iron Phosphate 37,50 47,50 

Added Total 137. 70 .353 ,40 
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A492 

0-12 11 

107.00 
83.60 

8.80 
6.20 

· 1.20 
2.50 

15.00 

117,30 

A466 

160.00 
58,20 

36.20 
31.20 

8.10 
3~10 

27,.50 

164,30 



TABLE IVg 

DISTRIBUTION OF FORMS OF PHOSPHORUS (ppm) 
OKLAHOMA SOILS 

Sample No. 62-S-693 62...:s-715 
(Harts ells) (Miles) 

Depth 0-3 11 5-13 11 

Total Phosphorus 120.00 130.00 
Organic Phosphorus 74.00 55.60 
Inorganic Phosphorus Fractions 

Aluminum Phosphate 5.00 1.20 
Iron, Phosphate 15.60 3.10 
Calcium Phosphate 4.40 26.20 

Occluded Aluminum Phosphate ·2. 50 6.20 
Occluded Iron Phosphate 22.50 25.00 

Added Total 124.00 117.30 

43 to 192 ppn. The much higher total phosphorus content of 320 ppm 

for one of the swamp rice soils must have been due to the presence 

of household refuse (including fish bones) on the banks of the creek 

from which.it was collected. 
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The total phosphorus in the soils is low compared with other parts 

of the world but not too different from values given by Nye and 

Bertheux (83) for some West African soils', ' Nye and Bertheux (83) 

.found a mean of 130 ppm of total phosphorus for' surface horizons of 

some Ghana soils developed on sandstones, a mean of·. 215 ppm, for. those 

developed on sandstones · or sandy' clays, a mean o'f 266 ppm for those 

developed on granite, gneiss, O'r sohist and a meah of 509 .ppm for those 

developed from basic igneous or metamorphic rocks - all thelse values 

being for the f crest region of Ghana. 'In the fine earth fraction · of 

a Western Nigerian forest soii prof·:Ue developed from coarse 

granitic rocks and coa:rse gneisses, Bates and Baker (9) 



got the following-values for total phosphorus: 553 ppm (0 .... 211 ), 

210 ppm. (2-7"), 283 ppm (7.,.;12 11 ). For the surface horizons of some 

tropical soils of Colombia, South America, Benavides (10) got an 

average of 400 ppm for tot.al phosphorus. 
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The sandstone parent material from which the upland and lowland 

soils of Mid-Western Nigeria are developed should be partly responsible 

for the·low.levels of.total phosphorus·in them. Other workers (6, 106, 

-111) have shown that the parent.material from which soils are developed 

haE? a lot to do with the content of total phosphorus of the soils. 

Another factor that might be of import.ance in bringing about a low 

, level of. tot.al phosphorus is the bush firing ·inherent in the agric

ultural practices of Mid-Western ijigeria; firing will definitely 

destroy,the reserves of·phosphorus in the organic matter accumulations 

on the surface of the soils. Although the soils studied were all 

sampled at 0-12 11 , yet larger reserves of phosphorus at greater soil 

depths cannot be assumed since Nye and Bertheux (83) and Bates and 

Baker (9) have at least shown that, for some West African soils, the 

·total phosphorus is accumulated at the surface. Ghani and Aleem 

(49) .have also shown this to be true for some·Indian forest soil 

profiles. This decrease of tot.al phosphorus down the profile will 

be the more so for soils developed from sandstones such as the soils 

of Mid-Western ~igeria. 

The total phosphorus contents of the two Oklahoma soils are 

also low (below.140 ppm in both cases) compared with values that have 

been obtained for other Oklahoma soils. Ohiaeri (84) reported an 

average of 300 ppm of total phosphorus for the surface horizons of 



some Oklahoma soils. The sandy nature of the Oklahoma soils used 

in the present study.might be responsible for thei~ lower total 

phosphorus contents. 

For tropical surface soils, organic phosphorus has sometimes 

-been shown to form a much larger fraction of the total phosphorus 

(9, 10, 57) but the present study has not shown this to be true for 

all the soils studied. Table V(a-g) shows the phosphorus fractions 

expressed as percentages of the total phosphorus. For the Benin and 

· Auchi upland soils the organic phosphorus is generally below 50 per

cent of the tot.al phosphorus. For the Umutu upland soils, Ogume 

and Ughelli lowland soils, the organic phosphorus accounts for from 

45 to over 70 percent of the t.otal phosphorus. For the Ashaka swamp 

rice soils, organic phosphorus forms·less than 40 percent.o;f the 

tota.l phosphorus. Exhaustive agricultural practices like bush firing 

mentioned above should be partly responsible for the low percentages 

of organic phosphorus in some of the upland soils. After firing, 

the organic matter that remains on the surface is depleted of 

phosphorus. According to Russell (93) the.potentially plant available 

phosphate in a number of tropical soils is. in the organic matter in 

the surface soil, so that if the surface is washed away by rain, or 

removed by any other cause (e.g. bush.firing) the subsurface soil 

which now becomes the surface is exceedingly low.in phosphate, and 

usually,in .many other elements as well. 

From Tabl.e V_it will be seen that the total occluded(inactive) 

. phosphate .is the next largest fraction of total phosphorus after the 
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TABLE Va 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
BENIN UPLAND SOILS 

Sample No. Al75 Al76 Al77 

De;eth 0-"12 11 0-12 11 0-12 11 

Organic Phosphorus 39.65 38.15 49.71 

Aluminum Phosphate 1.70 1.93 2.84 

Iron Phosphate 10.61 9,80 7.67 

Calcium Phosphate 0.81 1.62 1.42 

Total Occluded Phosphate 47.12 48.48 38.35 

Total Phosphorus (ppm) 139.00 192.00 181.00 

TABLE Vb 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
AUCHI UPLAND SOILS 

Sample No. A404 A405 A406 

De;eth 0-12 11 0-12 11 0-12 11 

Organic Phosphorus 44,52 43.89 50.17 

Aluminum Phosphate 5.06 5.07 4,29 

Iron Phosphate EL49 10.69 7,90 

Calcium Phosphate 0.82 2.60 J.26 

Total Occluded Phosphate 41.09 37,72 34,36 

Total Phosphort1.s (ppm) 75,00 75,00 54,00 
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TABLE Ve 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
UMUTU UPLAND SOILS 

Sample No. A467 A468 A469 

DeQth 0-12 11 0-12 11 0-12 11 

Organic Phosphorus 69.71 64.29 65.84 

Aluminum Phosphate 6.04 5.06 3,42 

Iron Phosphate 6.25 8.48 8.50 

Calcium Phosphate 4.00 1.64 1.64 

Total Occluded Phosphate 14.02 20.51 20.57 

Total Phosphorus (ppm) 128.00 80.00 75.00 

TABLE Vd 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
UGHELLI LOWLAND SOILS 

Sample No. A447 A448 A449 

Depth 0-'12 11 0-12 11 0-'12 11 

Organic Phosphorus 45.17 53.05 73.28 

Aluminum Phosphate 17.07 12.71 7.17 

Iron Phosphate 8.53 7,79 7.17 

Calcium Phosphate 1.60 1.01 0.91 

Total Occluded Phosphate 27,54 25.42 11.45 

Total Phosphorus (ppm) 43,00 64.00 139.00 



TABLE Ve 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
OGUME LOWLAND SOILS 

Sample No. A490 A491 A492 

De Eth Q...;12 11 0-'12 11 Q...;12 11 

Organic Phosphorus 63,47 66.96 71.27 

Aluminum Phosphate 7 ,32 8.64 7,50 

Iron Phosphate 6.05 6.07 5.28 

Calcium Phosphate 1.17 1.17 1.02 

Total Occluded Phosphate 21.97 17.15 14,91 

Total Phosphorus (ppm) 107.00 107.00 107.00 

TABLE Vf 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
ASHAKA SWAMP RICE SOILS 

Sample No. A464 A465 A466 

De Eth 0-12 11 Q....;12 11 0-12 11 

Organic Phosphorus 33,84 21.42 35,42 

Aluminum Phosphate 8.13 26,42 22.03 

Iron Phosphate 11.32 21.22 18,98 

Calcium Phosphate 15.03 15.91 18.62 

Total Occluded Phosphate 31.73 15,02 18.62 

Total Phosphorus (ppm) 128.00 320.00 160.QO 



TABLE Vg 

FRACTIONS OF THE SOIL PHOSPHORUS AS PERCENTAGE OF THE TOTAL PHOSPHORUS 
OKLAHOMA SOILS 

Sample No. 62-S-693 62-S-715 
(Hartsells) (Miles) 

Depth 0-3 11 0-3 11 

Organic Phosphorus 59.67 47 .39 

Aluminum Phosphate 4.03 1.02 

Iron Phosphate 12.58 2.64 

Calcium Phosphate 3,54 23.33 

Total Occluded Phosphate 20.16 26.59 

Total Phosphorus (ppm) 120.00 130.00 

organic phosphorus, the swamp rice soils being an exception. In fact, 

in two samples of. the Benin upland soils, the occluded phosphate 

percentage of the total phosphorus is higher than that of the organic 

phosphate. 

Table VI shows the inorganic phosphorus fractions as percentages 

of the total inorganic phosphorus. With the exception of two 

samples, the active inorganic phosphorus fractions (aluminum, iron 

and calcium phosphates) form less than .50 percent of tpe tot.al 

inorganic phosphorus for the·upland and·lowland soils; the rest.of the 

inorganic phosphorus is in the inactive form of occluded phosphate. 

The percentages of the inorganic phosphorus formed by the occluded 

phosphate appear in the last column .of Table VI. In the Benin 

upland soils 78 percent of the inorganic phosphorus. is. in the occluded 
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TABLE VI 

,DISTRIBUTION OF INORGANIC PHOSPHATE FRACTIONS AS A PERCENTAGE OF 
TOTAL.INORGANIC PHOSPHATE 

Sample Depth Aluminum · Iron Calcium Total Occluded 
.. · No. . Phosphate Phosphate . Phosphate Phosphate 

Benin Upland Soils 
Al75 0-12" 2.81 17.58 . 1.35 78.24 
Al76 0-12 11 3.13 .15.84 .2.62 78.38 
Al77 0-'12 11 5.64 15.25 2.82 76.27 

A404 0-12'' 
Auchi Upland Soils 

9.13 15.30 1.48 74.07 
A405 0-12" . 9.04 19.07 4.64 67,2.3 
A406 0-12 8.62 15.86 6.55 68.96 

A467 . 0-12 11 

Umut u Upland .· Soils 
20.10 20. 90 13.40 46.29 

A468 0-12 11 14.17 23.75 4.59 57.47 
A469 0-12 11 10.04 24.89 4.81 60,24 

Ughelli Lowland Soils 
A447 0-12 11 31.15 15.57 3.51 50.25 
A448 0-12 11 27.07 16.60 2.16 54.15 
A44.9 0-12 11 26.85 26.85 3.42 42.85 

A490 .. 0-12 11 

Ogume Lo~land Soils 
20.05 16.57 3,20 60.16 

A491 0-12 11 26.11 18.39 3.56 51.92 
A492 0-12 11 26.11 18.39 J.56 51.92 

Ashaka Swamp Rice Soils 
A464 Q...;12 11 12.29 17.12 22.61 47.96 
A465 0-'12 11 33.63 27.00 20.23 :19.12 
A466 Q....;12 11 34.11 29.40 7.63 28.84 

.Oklahoma Soils 
62-S-'693 0-3" 10.00 31.20 8.80 50.00 
(Hartsells) 
62-S...;715 5-'13" 1.94 5.02 42.46 50.56 
(Miles) 



form; in the Auchi upland soils 70 percent of the inorganic phosphorus 

is occluded; for the Umutu upland soils and the Ughelli and Ogume 

lowland soils the percentages of occlusion lie between 50 and 60. 

In the Ashaka swamp rice soils.the percentage of the inorganic 

phosphorus in the occluded form is in marked contrast to the other 

soils, . the range being from 19 to 4 7 percent. This sharp contrast 

in the distribution of occluded phosphate is in perfect agreement 

with the findings of many.other workers (7, 60, 61, 95) who have 

shown that.under conditions of flooding and water-logging (as 

obtain in the swamp rice soils) the occluded phosphate tends to 
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be reduced and there is thus less tendency for its accumulation. 

Also, genetically, the swamp rice soils, by their alluvial origin are 

young and .weakly developed so that they should have the least amount 

of occluded phosphate as postulated by Chang and Jackson (19) and 

confirmed for West African mangrove swamp soils by Hesse (57,58). 

The occluded phosphate content of the lowland soils, although 

considerable, yet differ markedly from those of the upland.soils 

especially Benin and Auchi; Umutu upland soil appears to be inter

mediate. The higher rainfall in the ar~as of the lowlan.d soils and 

.the resultant seasonal swamps and water-logging (which cause reduction 

and check accumulation of occluded phosphate) might account.for this 

difference; the lowland soils also contain much less free iron; these 

soils are also younger and less weathered than the upland soils. 

ror·the upland and lowland soils calcium phosphate forms an 

almost insignificant .fraction of the active inorganic phosphates of 

calcium, iron and aluminum. For the upland soils most of the active 



inorganic: ph9sphate. is ih the\ ·form. of d.:r1op p;hpphat~,: the 'distribi.rt,ion 

increasing in the sequence calcium phosphate, aluminum phosphate 

and iron phosphate. In the lowland soils the distribution increases 

in the sequence calcium phosphate, iron phosphate and aluminum 

phosphate, most of the active inorganic phosphorus being in the form 

of aluminum phosphate; this distribution pattern also indicates 

less weathering. In the Ashaka swamp rice soils there appears to be 

a balanced distribution of the three fractions of the active.inorganic 

phosphorus; these soils are, in contract to the other soils, relatively 

richly supplied with the three forms of active inorganic phosphate. 

The distribution of these fractions increases in the sequence 

calcium phosphate, iron phosphate and aluminum phosphate - as for 

. the lowland soils. 

'l'he distributions of the·inorganic phosphorus for the different 

soils are diagramatically represented in Figures l. and.2. 

The agricultural significance of the distribution of inorganic 

phosphorus fractions in these soils of Mid-Western Nigeria is far

reaching. The soil phosphorus which is of immediate importance in 

the nutrition of crops comes from the inorganic fraction since the 

organic phosphorus cannot be used by crops until it has been mineralized. 

However, in the upland and lowland soils the inorganic phosphorus is 

not in a form in which it could be of much use to growing crops. In 

the Benin and Auchi upland soils almost all the inorganic phosphorus 

is immobilized in the occluded (inactive) form. In the Umutu upland, 

Ughelli and Ogume lowland soils between 50 and 60 percent of the 

inorganic phosphorus has been immobilized. The active inorganic 

phosphorus·left for the nutrition of crops is thus so small that the 
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phosphorus requirements of the crops cannot be met without artifically 

supplementing the soil reserve of this element. 

With this high. level of occlusion of the inorganic phosphorus 

the very low levels of chemically available phosphorus for these soils 

are not surprising. The same reason should explain the fact that the 

upland soils have shown tremendous responses to phosphorus fertiliza

tion in the production of upland rice in Mid-Western Nigeria (38, 79). 

Since most of the inorganic phosphorus in these soils has been 

immobilized, the potentially available phosphate is in the soil 

organic matter as organic phosphorus, Where, for economic reasons, 

artifical phosphorus fertilizers cannot be applied to the soils, 

care should therefore be taken to ensure the careful preservation of 

the organic matter containing ·the organic phosphorus. However, under 

the present agricultural practices in Mid-Western Nigeria the organic 

matter of the soil is virtually destroyed by firing before crops are 

planted. If this practice, for technical and economic reasons, cannot 

be discontinued at the present time and crop yields are to be increased 

and stabilized,artificial phosphorus fertilization on a large scale 

becomes imperative. Even where the organic matter can be preserved 

artificial phosphorus fertilization will still be required since the 

total phosphorus contents of the soils are very low. 

Most of the inorganic phosphorus in the Ashaka swamp rice soils 

is in the active form and there is very·little occlusion. Chemically 

available phosphorus is highest for these soils. They could thus be 

said to be comparatively more fertile than the upland and lowland 

soils. They could still benefit very well from phosphorus fertiliza

tion; the F.A.O. fertilizer trials (38) have shown responses to 

phosphorus fertilization. 



The distribution of phosphorus in the Oklahoma soils is similar 

to the distribution in the lowland soils of Mid-Western Nigeria but 

the Miles soil has a sizeable portion1 of its inorganic phosphorus 

in the form of calcium phosphate. Occlusion of inorganic phosphorus 

in the two Oklahoma soils is 50 percent, 

For the eighteen Nigerian soils, correlation coefficients were 

found between Bray No. 1 available phosphorus and the various 

phosphorus fractions; these are shown in Table VII. Highly signifi

cant correlations were found between available phosphorus and 

aluminum phosphate, iron phosphate and calcium phosphate but there 

were no correlations with organic phosphorus and occluded phosphate. 

The present findings seem to be a compromise between the findings of 

Benavides (10) and Ohiaeri (84) which had earlier been mentioned. 

Carbon, Nitrogen and Organic Phosphorus Ratios 

These ratios are shown in Table VIII, The carbon:nitrogen 

ratio has been discussed earlier, 

There is much variability in the carbon:organic phosphorus 

ratio with a range of about 200 to 800, These values are high 

compared with ratios reported for Iowa soils by Pearson and 

Simonson (89), Nye and Bertheux (83) in Ghana however obtained 

rations up to 500 on gneisses and granitic soils, and up to 350 for 

soils developed on sandstones and basic igneous rocks, The high 

carbon:organic phosphorus ratios for the soils of Mid-Western Nigeria 

obviously show that there is a serious deficiency of phosphorus in 

these soils. 

73 



74 

TABLE VII 

C@RRELATION BETWEEN BRAY'S NO. I AVAILABLE PHOSPHORUS 
·;t: AND PHOSEHORUS FRACTIONS 

Correlation 
Fraction Coefficient· (r) Remarks 

Organic Phosphorus 0.2001 No correlation 

Aluminum Phosphate o. 998378~ Significant at the 
·1% level 

Iron Phosphate 0. 97037H~ Significant .at the 
1% .level 

Calcium Phosphate 0. 9337~H~ .Significant at.the 
1% level 

Occluded Phosphate 0.2003 No correlation 
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TABLE VIII 

CARBON, NITROGEN AND ORGANIC PHOSPHORUS RATIOS 

Sample 
No. Depth C:N C:P N:P C:N:P 

Al75 0-12 11 

Benin UEland Soils 
1L96 639,65 53.44 640:.53:1 

Al76 0-12 11 11.57 )23,28 1+5. 20 523:45:1 
Al77 0-12 11 8.80 414,94 47.12 415:47:1 

Auchi UEland Soils 
A404 · 0-12 11 8.05 478.12 59.37 478:59:1 
A4.05 0-12 11 6,45 403.12 62.50 403:62:l 
A406 0-12 11 9,08 375,86 41.37 376:41:l 

Umutu U12land. Soils 
A467 0-12lf 8.82 639.08 72.41 639:72:1 
A468 Q..;1211 11.26 838.29 74,46 838:74:1 
A469 0...:.12" 10.56 352,08 33,33 352:33:1 

,Ughelli Lowland Soils 
A447 0-12 11 5.52 725.00 13 .12 725: 13: l 
A448 0-12 7.83 454.83 58.06 455:58:l 
A449 0-12 11 12.30 422.91 34,37 423:34:l 

Ogume Lowland Soils 
A490 0-12 7.28 156,92 21.53 157:21:1 
A491 0-12 11 12.68 35Li,.41 27.94 354:28:l 
A492 0-12 11 12.69 351. 80 27.71 352:28:l 

Ashaka SwamE Rice Soils 
A464 0...:.12 11 6.82 252.17 36.95 252:37:l 
A465 0-12 11 6.37 243,42 38.15 243:38:l 
A466 0...:.12 11 10.65 367.24 34,48 367:34:l 

Oklahoma Soils 
62-S-693 0-311 11.76 206.74 17.56 207:18:1 
(Hartsells) 
62-S-715 5...:.13 11 5,15 121.81 23. 63 122:24:1 

(Miles) 



The nitrogen:organic phosphorus ratios for the Nigerian soils 

lie between 30 and 70 and as observed by Pearson and Simonson (89) 

for Iowa soils, the variation in the nitrogen:organic phosphorus 

ratios is much smaller than the variation in .. the carbon: organic 

phosphorus ratio. For surface soils of Ghana, l\Tye and Bertheux 

(83) reported nitrogen:organic phosphorus ratios up to 43. As for 

the carbon:organic phosphorus ratio, the high nitrogen:organic 

phosphorus ratio of the Nigerian soils is indicative of a serious 

phosphorus deficiency. 

The carbon:organic phosphorus and the nitrogen:organic phosphorus 

ratios for the Oklahoma soils are very close to corresponding ratios 

given.for Iowa soils by Pearson and Simonson (89), The lower carbon: 

organic phosphorus and nitrogen:organic phosphorus ratios show.that 

the Oklahoma soi.ls, in relation.to carbon and nitrogen, are not as 

phosphorus deficient .as the Nigerian soils. 

Fixation of Applied Water Soluble Phosphates 

The patterns of fixation of added 200 ppm phosphorus in the forms 

of monobasic and dibasic ammonium phosphates for three and thirty days 

are shown in Tables .IX(a-g), and X(a-g) respectively. The phosphorus 

fixed is taken as the difference between the total quantity added and 

that recovered as water soluble (saloid-bound). 

Total Phosph_o:ru.s Fixed: The analysis of variance .for the fixation 

of the added phosphates by,the soils of Mid-Western Nigeria is shown in 

Table XI. It is seen from this table that, on the whole, there is. no 

significant difference between the total amounts of monobasic and dibasic 

ammonium phosphates fixed. There are, however, highly significant 
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TABLE.IXa 

FIXATION,OF ADDED. 200 PPM MONOBASIC AMMONIUM PHOSPHATE, 
· NH4H2P04 FOR THREE AND THIRTY.DAYS 

Sample Depth 
No. 

Al75 Q...;12 11 

Al76 Q...;12 11 

Al77 ·0-12 11 

Al75 0-12 11 

Al76 Q...;12 11 

Al77 0-12 11 

BENIN.UPLAND-SOILS 

' . •, . 

. . . ,.'. Net Increase of;,£hosphorus in each Form (ppm) 
Water Soluble · · · · · 

(Saloid-Bo)J.lld} Aluminum . , · Iron_. CalciU!p. Total(ppm}, % 
Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

Three Days 
21.00 88.12 43.75 1.87 .154-74 77,37 
35,00 90.00 39.06 2.34 166.40 83.20 
50.00 87.18 20.81 1.25 159.24 79.62 

8.75 
Thirt;r Days 
103.75 46.88 2.50 .161.88 80.94 

15.00. 106.25 35.93 2.50 159.68 79.84 
17.50 113. 75 34.87 3.12 169.24 84.62 

TABLE IXb 

FIXATION OF ADDED 200 PPM MONOBASIC AMMONIUM PHOSPHATE, 
NH4H2P04 FOR THREE AND THIRTY DAYS 

Sample Depth 
No. 

f!..404 0-12 11 

A405 0-12 11 

A406 0-12 11 

A404 Q...;12 11 

A405 0-::-12 11 

A406 0-12 11 

AUCHI UPLAND SOILS 

Net Increase .. of Phosphorus in each Form (ppm) 
Water Soluble ' 

(Saloid-Bou.nd) Aluminum ,rron Calcium Tot.al (ppm) . % 
Phosphate. Phosphate Phosphate ,Phosphate·Recovered Recovery 

Three Days 

65.00 90.00 13.20 2.50 170.70 $5.35 
65.00 90.00 7.a2 1.25 164.07 82.03 
84,00 91.25 7,82 l.·25 .1e4.32 92.16 

20.00 
'rhirt;y:·Days 
101.25 15.67 3 .13 14.0. 05 70.25 

25.00 102. 50 10.95 1.ss 140.33 70.16 
13.75 88.75 11.02 o. 93 114,45 57.22 



TABLE IXc 

FIXATION OF ADDED 200 PPM MGNOBASIC AMMONIUM PHOSPHATE, 
NH4H2Po4 FOR THREE AND THIRTY DAYS 

UMUTU·UPLAND SOILS 

Net. Increase of Phosphorus· in· e.ach Form (ppm) 
Sample Depth ·water Soluble 
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No. (Saloid Bound) Aluminum Iron Calcium Tot.al (ppm) % 
Phosphate · Phosphate Phosphate Phosphate Recovered Recovery 

A467 0-12 11 26.25 
Three Days 

136. 25 17.20 0.00 179,70 89.85 
A468 Q...;12 11 35,50 111. 92 26.56 0.00 173, 98 86.99 
A469 0-12 11 42,50 75,62 25.62 .1.87 145.61 72.80 

Thirty Days 
A467 0-12 11 13.12 137. 50 23.45 0.00 174.07 87.03 
A468 0-12 11 13. 75 108.80 18,37 0.62 141.54 70.77 
A469 0-12 11 30.00 97.50 28.12 1.25 156.87 78,43 

TABLEIXd 

FIXATION OF ADDED 200: PP.MMONOBASIC AMMONIUM PHOSPHATE, 
NH4H2P04 FOR THREE AND. THIRTY DAYS 

Sample Depth 
No. 

A447 . Q...;12 11 

A448 Q....;1211 
A449 Q...;1211 

A447 Q...;12 11 

A448 0-12!1 
A449 o..;12 11 

UGHELLI'LOWLAND SOILS 

Net· Incre.ase. of. Phosphorus in each Form (ppm) 
Water Soluble 

(Saloid Bound) Aluminum , Iron Calcium Tot.al (ppm) - % 
,Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

Three Days 
12.50 126.25 31.25 0.50 170. 50 85.25 
23.75 122,50 17.82 o.63 .164.70 82.35 
7. 50 125.62 · 50.00 1.12 184.24 92.12 

Thirty Days 
7,50 123,75 40.63 0.75 172.63 86.;31 

. 16. 25 125.00 26.57 ·0,93 168.75 84,37 
3,75 109,38 68,75 1.38 183.26 91.63 



TABLE IXe 

FIXATION OF ADDED 200 PFM MONOBASIC AMMONIUM. PHOSPHATE, 
NH4H2Po4 FOR THREE AND THIRTY DAYS 

OGUME 'LOWLAND SOILS 

Net Increase of PhosEhorus in each Form {EE!!!L 
Sample Depth Water Soluble 

No. (Saloid Bound) Aluminum Iron Calcium Total (ppm) 
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% 
Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

A490 
A491 
A492 

A490 
A491 
A492 

Three Days 
0-12 11 5.00 160.00 12.50 1.25 178,75 
0-12 11 5.00 176.25 6.25 0.00 187,50 
0-12 11 2. 50 176.25 4.06 0.62 183.43 

ThirtY._.· DaY._s 
0-12 11 1.25 147.50 18.75 1.25 168.75 
0-12 11 1.25 166.25 8,37 0.00 175.87 
0-12 11 1.25 171. 25 8,37 1.25 182.12 

TABLE IXf 

FIXATION OF ADDED 200 PPM MONOBASIC AMMONIUM PHOSPHATE, 
NH4H2P04 FOR THREE AND THIRTY DAYS 

ASHAKA SWAMP RICE SOILS 

Net Increase of PhosEhorus in each Form {EE!!!L 
Sample Depth Wat er Soluble 

No. (Saloid Bound) Aluminum Iron Calcium Tot.al (ppm) 

89,37 
93,75 
91,71 

84,37 
87,93 
91.06 

% 
PhosEhate Phosphate PhosEhate PhosEh~te Recovered RecoverY._ 

A464 0-12 11 35,00 
Three DaY._s 

ll3.75 21 .8$ 0 .00 170.63 85,31 
A465 0-12" 82.50 100.00 21.87 0.00 204 .37 102.18 
A466 0-12 11 64.00 , 88, 75 9,37 0.00 16? .12 81.06 

ThirtY._ DaY._s 
A464 0-12 11 13.12 118,75 21.88 0.00 153 . 75 76.87 
A465 0-12 11 33 .75 100.75 29.68 2 .00 166.18 83 .09 
A466 0-12 11 22 . 50 93. 75 9,37 0 .00 125 . 62 62.81 



TABLE IXg 

FI~ATION OF ADDED 200 PPM MONOBASIC AMMONIUM PHOSPHATE, 
NH4H2P04 FOR THREE AND ;THIRTY DAYS 

OKLAHOMA SOILS 

Net· Increase. of Phosphorus in each Form .. (ppm) 
Sample Depth Water Soluble 
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No. (Saloid Bound) Aluminum Iron Calcium Tot.al (ppip.) % 
Phosphate .· Phosphate Phosphate Phosphate Recovered Recovery 

. ' 

62-S-'693 0-3 11 74.00 
Three Days 

87.18 15.62 1.25 178.05 89.02 
(Hartsells) 
62-S-715 5-13 11 54.00 108.12 20.30 11.25 193 .67 96.83 

(Miles) 
Thirty · Days 

62.;s-693 0-3 11 30.00 103: 75.'' 21.88 0.00 155.63 77.81 
(Hartsells) 
62-S-'715 ~-13" 20.00 117.50 28.13 2.50 168.13 84.06 
(Miles) 



TABLE Xa 

;'FIXAT[OWOF ADDED 200 PPM DIBASIC AMMONIUM PHOSPHATE, 
(NH4)2 HP04 FOR THREE AND THlRTY·DAYS 

BENIN UPLAND SOILS 

Net Increase of Phosphorus.in each Form (ppm) 
Sample Depth Water Soluble 

81 

No. (Saloid Bound). Aluminum Iron Galcium Tot.al (ppm) % 

Al75 
Al76 
Al77 

Al75 
Al76 
Al77 

Phosphate Phosphate Fhosphate Phosphate ·Recovered ·Recovery 

Three·Days 
Q...;12 11 17.50 ·98.75 -34.38 1.37 152.00 
Q...;12 11 27.50 90.00 29.68 l.J8 148.56 
Q..;.12 11 42.50 101.25 19.25 l.~7 164.87 

'L'hirty Days 
0-12 11 7.50 112.50 . 50.00 . 2.81 175.31 

. 0--12 11 12.50 · 111.25 43. 75 .3.75 175.00 
0-'12 11 17.50 122.50 45.81 3.75 194. 56 

'J:'ABLE Xb 

FIXATION OF ADDED 200·PPM DIBASIC.AMMONIUM.PHOSPHATE, 
(NH4)2 HP04 FOR THREE AND THIRTY DA~S 

AUCHI.UPLAND SOILS 

. Net Increase of Phosphorus.in each Form (ppm) 
Water Soluble , 

76.00 
74.25 
82.43 

87.65 
87.50 
97.28 

Sample Depth (Saloid BoW1d) Aluminum .·Iron Calcium Tot.al (ppm) % 
No. :Phosphate -Phosphate Phosphate :Recovered Recovery 

A404 
A405 · 
A406 

A404 
A405 
A406 

, Q...;12 11 

Q...;12 11 

Q...;12 11 

0...;12 11 

o...;12 11 

0...;12 11 

47.50 
57.50 
50.00 

35.00 
40.00 
36.25 

'.)?hree Days 
105.00 9.11 
101.25 6.26 

95.00 7.90 

Thirty .·Days 
.126.25 .21. 92 
123,75 20.32 
122.50 ,17 .27 

0.50 162.11 81.05 
0.41 164.32 82.66 
0.00 152.90 76.45 

3.13 19@ .. 05 95.02 
2.50 · 190.32 95.16 

.·1.25 179.77 89.88 



TABLE Xe 

FIXATION,OF ADDED 200 PPM DIBASIC.AMMONIUM PHOSPHATE, 
(NH4)2 HP04 FOR THREE AND THIRTY DAYS 

UMUTU UPLAND SOILS 

_ Net Increase of' Phos:ehorus in e.ach Form (ppm) 
Sample Depth Water Soluble 

82 

No. (Saloid-Bound) Aluminum /Iron Calcium Tot.al (ppm) % 

A467 
A468 
A469 

A467 
A468 .· 
A469 

Phosphate :Phosphate Phosphate Phosphate Recovered Recover;y: 

Three Days 
. 0-12 11 18.75 135.00 18.76 0.00 172.51 
Q..;12 11 21.25 115.00 28.12 'l.00 165.37 
Q...;.12 11 42.50 ' 93. 75 39.00 0.60 175.85 

Thirty Days 
Q..;12" 15.00 147.50 28,14 . 0.00 190.64 
0-12 11 12.50 126.30 29.69 Q,31 168.80 
Q.;;.12 11 2r;·25- ·107. 50 28.12 o.oo ·156.87 

TABLE Xd 

FIXATION OF ADDED 200 PPM .DIBASIC AMMONIUM PHOSPHATE, 
(NH4) 2 HP04 FOR THREE AND TKCRTYrDAYS 

UGHELLI LOWLAND SOILS 

Net.Increase of Phosphorus .in each Form.(ppm) 

86.25 
82;18 
87.42 

95.32 
84.40 
78.43 

,Sample Depth :Water Soluble 
No. · (Saloid :13ound) .Aluminum Iron Calcium Tot.al (ppm) % 

Phosphate Phosphate Phosphate ~hosphate 'Recovered Recovery 

Three Days 
A447 0.:....12 11 10.,00 · .131.25 31.25 o.63 173.13 86.56 
A448 Q..;12 11 22.50 142.50 20.32 0.63 185. 95 92.97 
A449 0-12 11 7.50 123.lJ 53,13 0.62 184.J8 92.19 

Thirty.'Days 
A447 '0...:12 11 7.50 · 138. 75 31.25 2.50 , 180.00 90,00 
A448 Q..;.12 11 17~50 147.50 32.82 1.25 199.07 99.53 
A449 ,Q...;12 11 1.25 128.13 71.88 1.87 203 ,13 101.56 



TABLE Xe 

FIXATION OF ADDED 200 PB! DIBASIC AMMONIUM PHOSPHATE, 
(NH4)2 HP04 FOR THREE'AND THIRTY DAYS 

OGUME LOWLAND SOILS 

Net. Incre.ase of Phosphorus in each Form {:Qf!!!~ 
Sample Depth Water Soluble 

No. (Saloid Bound) Aluminum . Iron Calcium Total (ppm) 

83 

% 
Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

Three ·Days 
A490 0-12" 2~50 160.00 11.00 0.00 173 ,50 86.75 
A491 Q....;12 11 2.50 166.25 6.25 o.oo 175.00 87.50 
A492 0-12 11 2.50 191. 25 6.25 0.31 200.31 100.15 

A490 Q....;12 11 1.25 
Thirty Days 
162.50 25.00 0.93 189.68 94.84 

A491 Q....;12 11 1.25 172.50 14.06 0.62 188.43 94.21 
A492 0-12 11 .. 1.25 185.00 12.50 1.25 200.00 100.00 

TABLE Xf 

FIXATION OF .ADDED 200 PPM DIBASIC AMMONIUM PHOSPHATE, 
. (NH4)2 HP04 FOR THREE AND THIRTY.· DAYS 

ASHAKA SWAMP RICE SOILS 

Net Increase of Phosphorus in each Form (ppm) 
Sample Depth Water Soluble ' 

No. (Saloid Bound) Aluminum .Iron Calcium Total (ppm) % 
Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

A464 0-12 11 30.00 
Three Days 

111.25 25.00 0.00 166.25 83.12 
A465 0-12 11 52,50 . 93. 75 18,75 4,37 169,37 84.68 
A466 Q..;12 11 56.25 108.75 ·15. 62 o.oo 180.62 90,31 

Thirty Days 
A464 o..;12 11 18.75 118,75 37,50 0.00 175.00 87,50 
A465 0-12 11 41.25 131.25 28.12 3.75 204.37 102.18 
A466 0-12 11 28,75 96.25 18.75 0.00 143. 75 71.87 



.TABLE Xg 

FIXATION OF ADDED 200 PPM DIBASIC AMMONIUM PHOSPHATE, 
(NH4) 2 HP04 FOR THREE AND THIRTY DAYS 

OKLAROMA-SOILS 

Net Increase of Phosphorus in each Form (ppm) 
Sample Depth Water Soluble 

84 

No. (Saloid Bound) Aluminum , Iron Calcium Tot.al (ppm) % 

62..;s..;693 o-J n. 
(Hartsells) 
62:..S-'715.5-13" 
(Miles): .. 

62..;s'.'""693 o-311 
(Hartsells) 

. 62-8-715 5-13" 
(Miles) 

Phosphate Phosphate Phosphate Phosphate Recovered Recovery 

Three Days 
80.0Q 88.00 12.50 

45.00 112.50 19.38 

46.25 
Thirty'Days 
105 .oo 31.25 

30.00 113.75 37.50 

0.00 

4,37 

2.47 

6.25 

180.50 

18L25 

189,97 

188.75 

90.25 

90.62 

94-98 

94.37 



TABLE XI 

FIXATION OF ADDED PHOSPHATES BY THE SOILS OF MID-WESTERN NIGERIA 

ANALYSIS OF VARIANCE TABLE 

Mean Squares for Phosphorus Fixed and Percent Recovery 
Total Phosphorus P Fixed As P Fixed As P Fixed As Percent 

Source DF Fixed Aluminum. Phosphate,.J;ron Phosphate Calcium Phosphate Recovery-

·. Total ?l 

. Soil Types ( S) 5 3, 16 5. 9880'* 

Type of P Added (T) 1 117.5300 

S x·T -5 10.2554 

Days (D) l 4, 991. 83661Hf 

T.x D ·1 609.645~f 

SxD 5 446.5164*1} 

SxTxD 5 156.8539 

Error 48 91.7259 

.. -r'*Significant at. the 1% Level 
1fSignificant at the 5% Level 

8,004.9834** 1, 731. ?675~'"* 6.0255~i- . 228 .16.371*-* 

1, 981.0J65~Hl- 145 .-8062 0.1624 584.1931~ 

60.3042 12.8245 0.9497 20.7018 

1,122.3532-~- 922.064~Hl- 7 . 3 60if.Hl- 0.3828 

315.9679 128.2134 1.1100 828.0415~ 

234.2400 54.7609 l.0525 81.6734 

25. 5387 25.9727 0.-6955 87.5673 

167.1830 97.8256 0.8084 43.5901 

()) 
V'I 
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differences between the total amounts of phosphorus fixed by the different 

soils and for three and thirty days. From Table XII(a) it is seen that 

the Qgume lowland soils fixed the highest amounts of phosphorus followed 

·by the Ughelli lowland soils, Benin and Umutu upland soils. The 

Auchi upland and the Ashaka swamp rice soils fixed the lowest amounts 

of phosphorus. The Ogume and Ughelli lowland soils contain large 

amounts of exchangeable aluminum while the Benin upland soils 

contain large amounts of free iron as well as considerable amounts of 

exchangeable aluminum; these properties should account for the higher 

amounts of phosphorus fixed by these soils. It is also seen from 

Table XII(a) that much more phosphorus was fixed in thirty days 

than in three days. 

From Table XI it is seen that, for the total amounts of phosphorus 

fixed, there is a significant interaction between type of phosphate 

added and number of days; there is also a highly significant inter

action between soil types and number of days. The interaction between 

phosphate type and number of days shows that the rates of reaction of 

the two forms of phosphate are not the same in the soils; the phosphorus 

fixed in each case increases from three to thirty days but the rates 

of increase are different; this interaction is diagramatically 

represented in Figure J. The difference in the reaction rates of the 

two phosphates may be due to differences in their pH values and 

solubilities, dibasic ammonium phosphate being more alkaline and less 

soluble. The interaction between soil types and days shows that the 

rates at which phosphorus fixed increases from three to thirty days are 

not the same for all the soils; it is seen from Table XII (a), that for 

some soils the total amounts of phosphorus fixed for three and thirty 

days are about the same while they are widely different in others. 
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TABLE XIIa 

FIXATION OF 200 PPM ADDED PHOSPHATES BY THE SOILS OF MID-'WESTERNNIGERIA 

Type of F~ 
Added Days Benin Au chi 

1 J 164,6667 128.6667 

1 JO . 186.2500 180.4167 

1 175,4583 154,5417 

2 J 170.8333 148,JJJJ 

2 JO 187,5000 162.9167 

2 179.1667 155,6250 

J 167,7500 138. 5000 

JO 186.8750 ·171.6667 
Soil Type 
Averages· 177 .Jl25 155,08.33 

~u = Monobasic Ammonium Phosphate 
2 :;=;: Dibasic Ammonium Phosphate 

-:~ a 

. '!'ABLE OF MEANS 

Total Phosphorus Fixed (ppm) 
Soil Types 

Umutu Ash aka Ogume . Ughelli 

165.2500 139, 5000 195,8333 185,4167 

181.0433 176.8767 198,7500 190,8333 

173,1467 158.1883 197.2917 188.1250 

172,5000 153.7500 197,5000 186.6667 

183,7500 170.4167 198,7500 191.2500 

178,1250 162.0833 198.1250 188.9583 

168.8750 146.6250 196.6667 186.0417 

182 .3967 173.6467 198,7500 191.0417 

175.6358 160 .1358 197.7083 188. 5417 

1\ ,;,- .. r. 

Average 
All Soils 

163.2222 

.185.6950 

174,4586 

171.5972 

182.4306 

· 177_. 0132 

167,4097 

184.0628 

175. 7363_ .; 

• .. 

00 
00 



TABLE XIIb 

FIXATION OF 200 PPM ADDED PHOSPHATES BY THE.SOILS OF"MID-WESTERN NIGERIA 

TABLE· OF MEANS 

Phosphcirus Fixed as Alumrnum·:~ho;sphate (ppm) 
Type of Boil Types · 
¥-~ Added Days Benin . . . ~ Auchi .. . Umut u Ashaka Ogume · Ughelli 

1 

1 

3 

30 

88'3+333 

107.9167 

90.4167 107~9300 100.8333 

. 97. 5000 114,6000 104.:4167 

1 98.l720 93~9583 ..... ~iii.2650 ~· ... 102.6250 

2 

2 

2 

3 

JO 

3 

... JO 
Soil Type 
Averages 

96~·6667 

115,4167 

106.04i7 

92.5500 

111.·6667 

102.1:0$3 

l00.4167 

124,1667 
... - ·-- .... 

112.29l7 

95,4167 

·110:·3333 

.·103.1250' 

-lfl =·Monobasic Ammonium Phosphate 
2 = Dibasic Ammonium Phosphate 

114.51333 .. ·104.5833 

127.1000 115,4167 

120~E!417 110.0000 

111.2567 ·102:7083 

T20\'l~50D 109.9167 

iil;~·o53j · ···106~3125 

170,8333 124.7900 

161.6667 119,3767 

166.2500 122.0833 

172.5000 132.2933 

173,3333 ·138.1267 

172.9167 135 .2100 

171.6667 128. 5417 

·167.5000 128.7517 

169,5833 128.6467 

Average 
All Soils 

113.8728 

·117.5794 

.115.7261 

120.1739 

132.2600 

126.2162 

117.0233 

. 124, 9197 

l20,27l5 

0) 

'° 



Type of 
pr, Added Da;y:s 

1 3 

.l 30 

1 

2 3 

2 30 

2 

3. . 

1 30 
Soil Types 
Averages 

TABLE XIIc 

FIXATION.OF-200 PPM ADDED PHOSPHATES BY THE SOILS OF MID..;WESTERN NIGERIA 

TABLE OF MEANS 

---------- -~-- ---~--~- ~- - - T - J --~ . Phosphorus Fixed as Iron Phosphate · ppm 
... _____ Soil 't'ypes 

Benin Au chi Umutu Ashaka Ogume -Ughelli 

34.5400 9.6133 23.1267 17.7067 7.6033 33.0233 

39.2267 12.5467 23 .3133 20.3100 11.8300 J+5 .3167 

36.8833 11.0800 23.2200 19.0083 9.7167 39,1700 

27.7700 - 7. 7567 28.6267 : 19, 7900 7,8333 34.9000 

46.5200 19.8367 28.6500 28.1233 17.1867 45.3167 

·3L_l450 13.7967 28.6383 23.9567 12. 5100 40.1083 

. 31.J..559 8.9859 25.879:( 18.7483 7.7183 33. 9917 

42.8733 16.1917 25.9817 24.2167 -14,5083 4.5 .3167 

37.0142 12.4383 25.9292 21.4825 11.1133 39.6392 

,~l~onobasic-Amm0nium Phosphate 
2=Pibasic Ammonium Phosphate 

Average 
All Soils 

20.9356 

25,4239 

23.1797 

21.1128 

JO. 9389 

26.0228 

2l.0242 

-28 •. 1814 

24.6028_ 

--0 
0 



TABLE XIId 

FIXATION OF 200 PPM ADDED PHOSPHATES BY THE SOILS OF MID-WESTERN NIGERIA 

TABLE OF MEANS 

Phosphorus Fixed as Calcium Phosphate (ppm) 
Type of Soil Types 
¥,~ Added Days Benin Au chi Umut u Ashaka Ogume __ __JJghelli 

1 3 

1 30 

1 

2 

2 

2 

3 

30 

3 

30 
.Soil Type 
Averages 

1.8200 1.6667 

2.7067 1.9800 

2.2633 1. 82}3__ ·--

1.5400 .3033 

3.4367 2.2933 

2.~88,2 1.2283 

.l.6800 . 9850 

3.0717 2.1367 

2.3128 l.56Q8 

. -l~l · = Monobasic Ammonium Phosphate 
. 2 = Dibasic Ammonium Phosphate 

.6233 .0000 .6233 .7500 

.6233 .6667 .8333 1.0200 

.623_3 .3333 .7283 .8850 

.5333 1.4567 .1033 .6267 

.1033 1.2500 ~9333 1.8733 

.3183 1.3533 .5183 1.2500 

-5783 .7283 .3633 .6883 

.3633 . 9.583 .8833 1.4467 

-4708 .8433 .6231 1.0675 

Average 
All Soils 

. 9139 

1.3050 

1.1094 

.'7606 

1.6483 

1.20~ 

.8372 

1.4767 

1.1569 

'° I-' 



TABLE XIIe 

FIXATION OF 200 PPM ADDED-PHOSPHATES BY THESOILS OF MID...;.WESTERN NIGERIA 

TABLE OF MEANS 

Percent Recovery of Added Phosphates 
Type of Soil Types 
~~ Add~d ~~ays Benin _____ Auchi ~~ _ Umut u Ashaka Ogume Ughelli 

1 3 

1 30 

80.0633 

81.8000 

86.5133 

65.8767 

83.2133 

78.7433 

89.4967 

74.2567 

91.6100 

87.7867 

86.5733 

87.4367 

1 80.9317 76.1950 80.9783 81.8767 89.6983 87.00.50 

2 

2 

2 

3 

30 

3 

30 
Soil Type 
_Averages 

77.5600 

90.8lOO 

80.0533 

93.3533 

85.2833 

86.0500 

86.0200 

87.l8J3 

91.4667 90.5733 

,9$.3500 97.0300 

84.1850 86.7033 . 85.6667 86.6017 93-9083 . 93.0017 

78.8ll7 

86.3050 

82.5583 

83.2833 84.2483 87.7583 91.5383 88.5733 

,79.6150 82.3967 80.7200 92.0683 92.2333 

81.4492 83.3225 84.2392 91.8033 90.4033 

1~1 = Monobasic Ammonium Phosphate 
2-= Dibasic Ammonium Phosphate 

Average 
All Soils 

86.2450 

79.3167 

82.1808 

85.1594 

91.7961 

88.4778 

85.7022 

85.5564 

. 85 .6293 

'° l\) 
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For the eighteen soil samples of Mid...;Western Nigeria considered 

together there were highly significant linear correla.tions between the 

total amounts of phosphorus fixed and exchangeable aluminum (Table XIII). 

This was also found by Coleman et al. (24) for so:i.ls of the North 

Carolina piedmont. There were no correlations between phosphorus 

fixed and free iron (Table XIV). 

Phosphorus Fixed as Aluminum Phosphate: As shown in Tables IX and 

X, most of the fixed phosphorus was present as aluminum phosphate 

(NH4F-soluble); this is in agreement with the h:i.ghly significant 

.correlations found between exchangeable aluminum and the total 

amounts of phosphorus fixed. The accumulation of recently fixed 

phosphate as aluminum phosphate has been observed by other workers (17, 

84, 113). 

There is a highly significant difference between the amounts of 

phosphorus fixed as aluminum phosphate by the different soils as 

shown in Table XI. The Ogume and Ughelli lowland soils fixed the 

highest amounts of phosphorus as aluminum phosphate (Table XIIb). These 

soils are seasonally water-'-logged and poorly-drained. Yuan et al. 

(113) have also shown poorly-drained and acid Florida soils to fix 

phosphorus.in the same way as the Ogume and Ughelli lowland soils. 

This Fleculiar behavior of poorly-drained soils has been explained by 

. the work of DeMumbrum (32) who found that aluminum is present in .poorly

drained soils as amorphous aluminum minerals while in well-drained 

soils it is crystalline. The former reacts more readily with phosphorus 

than the latter because of its greater surface. The Ogume and Ughelli 

lowland soils, as shown earlier,. had the highest amounts of exchangeable 

aluminum - of all the soils studied. 
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TABLE XIII 

CORRELATION BETWEEN•EXCHANGEABLE ALUMINUM AND 
. AMOUNTS OF PHOSPHORUS FIXEDll-

Phosphorus Pixed 
(Form and Period of Fixation) 

(i) Monobasic Ammonium 
Phosphate lrixed for 3 Days 

(ii) Monobasic Ammonium 
Phosphate Fixed for 30 D.ays 

(iii). Dibasic Ammonium· 
Phosphate Fixed for 3 Days 

(iv) Dibasic Ammonium 
rhosphate Fixed for 30 Days 

Correlation 
Coefficient (r) 

0 .859J-lHI-

0. 9283-lH~ 

Remarks 

Significant at .the 
1%.Level 

Significant at.the 
.1% Level 

Significant at the 
1% Level 

Significant at the 
1% Level 

-JI-Phosphorus Fixed = Concentration Added - Concentration of Saloid-. 
Bound Recovered. 

'.!;'ABLE XIV 

CORRELATION BETWEEN.FREE IRON AND AMOUNTS 
OF PHOSPHORUS FIXE~!-

Phosphorus Fixed 
(Form and Period of Fixation) 

(i) Monobasic Ammonium 
Phosphate Fixed.for 3 Days 

(ii) Monobasic Ammonium 
Phosphate Fixed for 30 Days 

. (iii)· Di basic Ammonium 
Ph0spha;te·Fixed for 3 Days 

(iv) Dibasic Ammonium 
Phosphate Fixed for 30 Days 

Correlation 
Coefficient . (r) 

-0.1483 

-0.1543 

-0.1991. 

-0.0261 

Rei:n,arks 

No Correlation 

No Correlation 

No Correlation 

No Correlation 

-l~Phosphorus Fixed ·= Concentration Added - Concentration of Saloid
Bound Recovered. 
. ' ! . 



There is a highly significant difference between the amounts of 

monobasic and dibasic·ammonium:phosphatesfued as aluminum phosphate 

as shown in Table XI. More of dibasic ammonium phosphate was fixed 

as alu¢.num phosphate· (Table XIIb); it appears that the dibasic 

phosphate is more reactive with these soils. ·It is possible ·that 

.the dibasic ammonium phosphate is so reactive that.it decomposes 

the kaolinitic clays (which are dominant .in .these soils) and subse

quently ·re.acts with the aluminum resulting fro:rp. the decomposition. 

Phosphate-induced decomposition of kaolinite (with the formation of 

more aluminum phosphate) has been reported by Low and Black (73). 

Tamimi et _al. (100) have shown by x-ray diffraction that peaks of 

kaolinite in three Hawaiian soils diminished in magnitude after 

treatment with dibasic ammonium phosphate. · They suggested. that the 

dibasic ammonium pho;3phate .attacked' the· 1:.1, clays in' these~:soils 

extracting aluminum and forming tranakite as .a reaction product. 
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There is a significant difference between the amounts of phosphorus 

fixed as aluminum phosphate for three and thirty days (Table XI), 

with more phosphorus being ·fixed as aluminum phosphate in thirty days 

than. in .three days· ('];able XIIb). 

Phosphorus Fixed as Iron Phosphate: As shown in Tables: IX and 

X, after aluminum phosphate, iron phosphate i:;i the next.largest.form in 

which the .fixed phosphorus.recovered was present. Generally, however, 

_the amounts of phosphorus fixed as:iron phosphate were far. below.the 

amounts fixed as aluminum phosphate. 

·There.is a highly significant.difference between the amounts of 

phosphorus.fixed as iron .phosphate·by.the different soils as shown 

,in Table XI. It is seen .from Table XIIc that .the Ughelli lowland 



soils fixed the highest amounts of phosphorus as iron phosphate, 

followed by the Benin upland soils; the Auchi upland and the Ogume 

lowland soils fixed the lowest amounts of phosphorus as iron phosphate 

,while Umutu upland and Ashaka swamp rice soils are intermediate. No 

correlations were found between total amounts of phosphorus fixed and 

free iron and a direct relationship between free iron and phosphorus 

fixed as iron phosphate is not obvious from the experimental data; 

for example, the Ughelli lowland soils which fixed the highest amounts 

of phosphorus as iron phosphate do not have the highest contents of 

free iron; the Benin upland soils which came next to the Ughelli 
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lowland soils have the highest contents of free iron; the phosphorus 

fixed as iron phosphate bythe Auchi upland soils.is about one-third the 

one fixed as iron phosphate by the Ughelli lowland soils despite the 

fact-that the Auchi upland soils.contain considerably more free iron 

than the Ughelli lowland soils. The differences in the surface areas 

of the hydrous iron oxides in the different soils might account for 

the highly significant variations in .the amounts of pposphorus fixed 

as iron phosphate by.the different soils. 

The same amounts of phosphorus were fixed as iron phosphate 

irrespective of the form of phosphate added (Table XI). This finding 

gives more stength to the reasoning that the higher amounts of dibasic 

ammonium phosphate fixed as aluminum phosphate is the result of its 

decomposition of kaolinite which results in the release of aluminum 

and not iron. A highly significant difference exists between the 

amounts of phosphorus fixed as iron phosphate for three and thirty 

days (Table XI); more phosphorus was fixed as iron .phosphate in thirty 

days than in three days (Table XIIc). 



Phosphorus Fixed as Calcium Phosphate: Comparatively negligible 

amounts of phosphorus were fixed as calcium phosphate as shown in 

Tables IX and X; in some cases none of the added phosphate was fixed 

as calcium phosphate. Therewere, however, highly significant 
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differences between the amounts of phosphorus fixed as calcium phosphate 

by the different soils and for three and thirty days as shown in Table XI. 

The Benin upland soils fixed the highest amounts of phosphorus as calcium 

phosphate followed by the Auchi upland soils (Table XIId); these two 

soils had the lowest amounts of phosphorus fixed as aluminum phosphate; 

it is thus possible that more of the added phosphates were left over 

for reaction with calcium in these soils. Although this highly 

significant difference in the amounts of phosphorus fixed as calcium 

phosphate exists yet it may not be of practical importance since the 

absolute amounts involved are very small. 

The amounts of phosphorus fixed as calcium phosphate increased 

from three to thirty days (Table XIId). As for iron phosphate, the 

same amounts of phosphorus were fixed as calcium phosphate irrespective 

of the form of phosphate added (Table XI). 

Percent Recovery of the Added Phosphates: !he recovery percentages 

are shown in the last columns of Tables ~rx: and X. On the whole, the 

recovery percentages of the different soils of Mid-Western Nigeria 

averaged between 81 and 92 (Table XIIe ). The phosphorus which could 

not be recovered as saloid-bound, aluminum phos phate , iron phosphate 

and calcium phosphate must have been fixed in forms other than these 

ones determined; the unrecovered phosphorus must have been strongly 

adsorbed on the surfaces of clay mineral s and hydrous iron oxides. 

This strong adsorption is more likely in these soils in which 1:1 clays 



and hydrous iron oxides are abundant; the soils which have the lower 

recovery percentages have the higher contents of free iron. It is 

unlikely that the unrecovered phosphorus has gone into the occluded 

form since occlusion of phosphorus occurs over a very long period. 

Yuan et al. (113) recovered 86-97 percent of the phosphate added to 

some acid soils of Florida. 

There is a highly significant difference between the recovery 

percentages for the different.soils as shown .in Table XI. The·Ogume 

and Ughelli lowland soils have the highest recovery percentages 

(Table XIIe). ·In these two soils the phosphorus is fixed almost 

exclusively as aluminum phosphate which is readily recovered in.the 

NH4F extractant thus accounting for the significantly higher recovery 

percentages, It is interesting to note that these two soils which 

have the highest recovery percentages also fixed th<';l highest amounts 

of phosphorus. Thus, different soils might fix similar amounts of 

phosphorus but the percentage of the 'fixed· phosphorus' ,recbvered 

as aluminum~ iron arid .. calcium1 phosphates riui:ght 'varY: significantly . ,; • 

aepending on the form in which the phosphorus has been fixed. 

There is a highly significant difference between the recovery 

percentages of the monobasic and dibasic ammonium phosphates as 

shown in Table XI. The dibasic ammonium phosphate has a higher 
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recovery percentage than the monobasic ammonium phosphate (Table XIIe). 

The possible decomposition of kaolinite by.the dibasic ammonium 

phosphate (resulting in the formation of more recoverable .aluminum 

phosphate) coupled with the lower solubility of the dibasic ammonium 

phosphate might account .for this difference. For all soils and 

phosphates considered together there is no significant difference between 

the recovery percentages for three and thirty days but there.is a 
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'highly significant interaction between the type of phosphate added 

and the number of days (Table XI). This interaction is diagramatically 

represented in Figure 3, It shows that, for the individual phosphates, 

the changes in percent recovery from three to thirty days are approximately 

the same but in opposite directions; the main effect of one form of 

phosphate from three to thirty days cancels that of the other form of 

phosphate hence there is no overall main effect for days. Data in 

Figure 3 and Table XIIe show that the percent recovery of dibasic 

ammonium phosphate increases while that of monobasic ammonium 

phosphate decreases, by approximately the same amounts, from three 

to thirty days. The increased percent recovery for dibasic ammonium 

phosphate should be due to the formation of more aluminum phosphate at 

.the end of thirty days probably as a result of further decomposition 

of kaolinite by the dibasic ammonium phosphate. The decreased percent 

recovery of the monobasic ammonium phosphate should be due to further 

adsorption of this compound on the surfaces of clay minerals and 

hydrous iron oxides. The mechanisms responsible for fixing these two 

forms of phosphate in the soil do not therefore appear to be exactly 

the same. 

Fixation of Added Phosphate by the Oklahoma Soils : The patterns of 

fixation of the added phosphates by the Oklahoma soils are shown in 

Tables IXg and Xg. It .is seen that the two Oklahoma soils react with 

the added phosphates in essentially the s ame manner as the Nigerian 

soils. The mean recovery percentages for the Oklahoma soils is 90 

which is appreciably higher than the mean recovery percentages of four 

of the six Nigerian soils and approximately equal to those of the tw9 

remaining soils which had the highest r ecovery percentages . 



CHAPTER V 

.SUMMA.RY AND CONCLUSIONS 

With the exception of one swamp rice (paddy) soil sample 

which had a total phosphorus content of 320. ppm, all the soils of 

Mid-Western Nigeria studied had total phosphorus contents of less than 

200 ppm, the range being from 43 to 192 ppn. These values are low 

.compared with those for some other parts of the world but are similar 

to those of other West African.soils of similar genetic origin. For 

all the Mid-Western Nigerian soils studied organic phosphorus ranged 

from 40 to 70 percent of total phosphorus. For the upland soils 

60 to 78 percent of the total inorganic phosphorus was in the occluded 

(inactive) ,form; the ·lowland soils had 50 to 60 percent of their total 

inorganic phosphorus occluded while the swamp rice.soils had 19 to 47 

percent of their tot.al inorganic phosphorus occluded. 

Available phosphorus was with the exception of two swamp rice 

soils, low for all the soils. Highly significant correlations were 

found between available phosphorus and aluminum phosphate, iron 

phosphate and.calcium phosphate but there were no correlations with 

organic phosphorus and occluded phosphate. 

It is suggested that.the high degree of occlusion of the inorganic 

phosphorus in the upland soils might .account.for the remarkable 

.responses they have shown to phosphorus· fertilization. 

100 
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The pattern of distribution of the inorganic phosphorus fractions 

shows.that the lowland and swamp rice soils are genetically younger 

and.less weathered .soils while the upland soils are older and much 

more strongly weathered. 

The total phosphorus contents of the two Oklahoma soils are also 

.below 200 ppm; these are low.compared with some other Oklahoma soils. 

These two soils had 50 percent of their total inorganic phosphorus 

in the occluded form. 

For the Nigerian soils, the same amounts of phosphorus were fixed 

irrespective of the form of ammonium phosphate added but it was possible 

to recover more of the fixed dibasic ammonium phosphate. For the six 

soils there were highly significant differences between total amounts 

of phosphorus fixed, phosphorus fixed as aluminum, iron and calcium 

phosphates and.recovery percentages. In all the Nigerian soils the 

phosphorus fixed was present mostly as aluminum phosphate but more of 

the dibasic ammonium phosphate was fixed in this form. Total amounts 

of phosphorus fixed, phosphorus fixed as aluminum, iron and calcium 

phosphates increased fromthree to.thirty days; the rates.of.increase 

of total amounts of phosphorus fixed, from three to thirty days, were 

not.the same in all the soils. 

From the three...:to the thirty-day periods percent ·recovery did 

not increase for all the soils and added phosphates taken together; 

individually, however, the recovery percentage of the dibasic ammonium 

phosphate increased while that of the monobasic ammonium phosphate 

decreased, by the same amounts, from three to thirty days thus 

suggesting that the mechanisms responsible for fixing these two.forms of 

phosphates in the soil are not . exactly the same, 
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The dibasic and monobasic ammenium. phosphates do not react with all 

the Nigerian soils at . the same rates between the three· and thirty day 

:periods. 

Highly significant.correlations were found between the total 

amounts of phosphorus fixed and the exchangeable aluminum. .in the 

Nigerian soils • 
. ·:·:/~:_./,.,, ... :.,,.:._. ..,,·; . .-·.: .. );i ............ :,'-·~· ' :.,.:::·.~·~:· .. , .. ··.:·>/·,:.· .. ·\';,,·.: .·.. •. : ,,.,. ' 

.. · The two Oklahoma 'soils fti:~c:l phosphor~s.''.}ni~S~~n.tf~liy: the same 

way as the Nig~I':i.an. soils l?~tjt,he: m¢a..n recover;{ i,~;r-cen.ta.ge::,tor: ~.h~se < . 

. · .. two ·~oiiS ••was appr~cjiab:1l\ii:JH~t'.':'.ifn~:-:U1J\!f~6I~:Vkii:':p~W6iJ£~i,i' 

. four of J;he s~ Nlg~rlan spils .. -

Thi~, study has' shO~;tha.t,:th~fe :f~ l.ser;idus pbd~phorUfS.; defici.ency' , .. 

in the :soils of Mid:-Western: Wige;i~<i~ that thi~ detl.~i~n6y·.·is due 

,' to both ;low contents of totii:ipho::fph$fu.s -~nd the very> 1¢i,,<~}ail;abiliti· 
. '.. ·. ·.· . . . · .. : .. :,·-:· . · .. "·;. '_;·, ,-: ... 

of the forms . of phosphorus pres~tr It. has . also showrt :th.at .\he_ . - . -· :. 

efficiency of phosphotus. fertilizat:iim willd,:ii'fer ·from,' soiJ: to s9iL; • ·•·· . 

. allowances ·•.should, be ma.de' :for.:sµch -pJ.ffer,ences:in'·f'~ttilj_z~~·;'9;ppi:t,c~t:iori. 

recommendations. There was no d.iff ereri.ce b~tweep. the it.~taf a.mounts' oi . 

~onobasic and dibasic qrom~nillm phospl1ates fixed but. thei'E;l .we;e, .·· ·••· ···: •. 

significant -differences. oetween their reaction,r&te~, .amouhti;;'f;ixed 

as ·aluminum phosphate and recovery percent,ages; ... these. cou.id ·:result,in ·.···. 

a difference in the efficiencies of the~e .two compounds wheri •U;Sed as . . ; . . . . '.. .. .. . .. 

fertilizer i~ the soils oi' Mid'-Western' Nigeria; any such' d;i.ff erence :. 
' ' ·.. .. . : ..... · ·.·. · .. ··· . ,·. . . ·. ,, , .. · ·. . .·. : . ' .... 

will. have to be ascertained. by field experiments with v.arious crops on 

the different soils. It would appear·thatbanding of phosphorus 

fertilizers.in these soils will be more effective :than.broadcasting 

since phosphorus.is fixed mainly.as aluminum. and iron :Phosphates; there 

may-,also · be a large residual effect. of the phosphorus fertilizer where 

phosphorus-is fixed mostly as aluminum. phosphate. 



LITERATURE CITED 

. 1. Abdul, B. A., Effect of lime on availability of phosphorus 
in Zamorano soils, Soil Sci •. Soc • .Amer. Proc. 28:672-3., 
1964. 

2. Acquaye, D. K., Some significance of soil organic phosphorus 
mineralization in the phorphorus nutrition of cocoa in 
Ghana. Plant and Soil 19:65-80, 1963. 

3. Aguilera, N. H. and Jackson, M. L., Iron oxide removal from 
soils and clays • Soil Sci. Soc • .Amer • Proc. 17: 3 5 9-364, 
1963. 

4. Al-Abbas, A.H. and Barber, S. A., A soil test for phosphorus 
based upon fractionation of soil phosphorus: II. Development 
of soil test., Soil Sci. Soc • .Amer. Proc. 28:221-224, 1964. 

· 5. . and , A soil test for phosphorus. based, .. 
upon the fractionation of soil phosphorus: ·. Correlation of 
soil1 phosphorus fractions with plant:....available. _phosphorus .• 
Soil Sci. So'c • .Amer-:.- .Proc. 28:218-221, 1964 • . ,,...._.,, ___ _ 

6. Aldrich, D. G. and Buchanan, J. R., Phosphorus content of soils 
and their parent rocks in Southern .,California. . Soil Sci. 
77:369-376, 1954. 

7. Basak, M. N. and Bhattacharya, R., Phosphate transformations in 
rice soil. Soil Sci. 94:258-262, 1962. 

8. Bates, J. _A. R., Studies on a Nigerian forest soil: I. The 
distribution of organic matter in the profile and in 
various soil fractions. J. of Soil Sci. 11:246-256, 1960. 

9. Bates, J. A. R. and Baker, T. C. N., Studies on a Nigerian forest 
soil: II. Distribution of phosphorus in the profile and in 
various soil fractions of a Nigerian soil. J. of Soil Sci. 
11:257-265, 1960. 

10. Benavides, S. T., Distribution of native phosphorus and phosphorus 
sorption capacity of some tropical soils of Colombia, South 
.America. M. S. Thesis, Okla. State Univ., May, 1963. 

103 



11. Bhangoo, M. S. ~nd Smith, F. W., Fractionation of phosphorus in 
Kansas soils andits significance in response of wheat.to 
phosphate fertilizers. Agron. J. 49:354.:..358, 1957. 

12. Bouyoucos, G. J., A recalibration of the hydrometer method for 
making mechanical analysis of soils. Agron. J. 43:434-4381 
1951. 

104 

13. Bray, R. H. and Kurtz, L. T., Determination of total, organic and 
available forms of phosphorus in soils. Soil Sci. 59: 
39-45, 1945. 

14. Beuhrer, T. F., The physico~chem:i,cal relationships of soil 
phosphates.. Ariz •. Agric. Expt. St. Tech. Bull. No. 42, 
pp. 154-212, 1932, 

15. Chai, M. C. and Caldwell, A. C., Forms of phosphorus and fixation 
.in soils. Soil Sci. Soc. Amer. Proc. 23:458-460, 1959, 

16. Chang, S. C., Modified procedure for fractionation of soil phosphorus. 
Soils and Fertilizers of Taiwan 42, 1961. 

· 17. and Chu, W. K., The fate of soluble phosphate applied 
to the soil. J. of Soil Sci. 12:286-293, 1961. 

18. and Jackson, M.L., Fractionatmn of soil phosphorus. 
Soil Sci. 84:133-144, 1957. 

19. and ;- Soil pho.sphor:us :fract·i9nation. iri i:1 

some :i:epresentative _soils. .J. o+, Soil., Sci. 9: 109~119, 1958. 

20. Chenery, E. M., Aluminum in the tea bush, a preliminary study. 
Plant _and Soil 6:174-200, 1955, 

.21. Chu, W. K. and Chang, S. C., Forms of phosphorus in the soils 
of Taiwan. Sails and Fertilizers of Taiwan, 34-38, 1960. 

22. Cole, C. V. et al., The nature' of phosphate so;r-ption' by calcium 
carbonate.~ Soil,,Sci. Soc. _Amer •. Prdc. 17:3.52-356., .1953. 
! . ./.'· ·' .1.i,!., 

.23. Coleman, N. T. et .al., Cation exchange capacity and exchangeable 
cations of piedmont soils of North Carolina. · Soil Sci. Soc. 
Amer. Proc •. · 23:146-149, 1959. 

24. et al., Phosphate-sorption reactions that involve 
exchangeable aluminum. Soil Sci. 90:1-7, 1960. 

25. Coleman, R. , Phosphorus fixation by the ·coarse and fi:p.e clay 
fr.actions of kaolinite and montmorillonite clays. ·Soil 
Sci. 58:71~77, 1944. 

26. , The mechanism of phosphorus fixation by mont-
morillonitic and kaolinitic clays. Soil Sci. Soc. Amer. 
Proc. 9:72-78, 1945. 



105 

27. Dahnke, W. C. et al., Phosphorus fractionation in selected soil. 
profiles of El Salvador as related.to their development. 
Soil Sci, 98:33-38, 1964. 

28. Dalton, J. D. · et .al., Effect of organic matter on phosphate 
availability. Soil ScL 73:173~181, 1952. 

29. Davis, L. E., Sorption of phosphates by non-'calcareous Hawaiian 
soils. Soil Sci. 40:129~158, 1935. 

30. Dean, L. A., An attempted fractionation of soil phosphorus. 
J. of Agric. Sci. 28:234-246, 1938. 

31. , Fixation of soil phosphate;._ In.A •. G.:.Norman 
(ed.), Adv. in Agron. Vol. I, pp. 391-411. .. Academic 
Press Inc., N.Y., 1949, 

32. DeMumbrum, L. E., Crystalline and amorphous soil minerals of 
the Mississippi coastal terrace. Soil Sci. Soc, Amer. 
Proc. 24:185-189, 1960. 

33, D'Hoore, J. L., Soil map of Africa. Publication No. 93, 
Commission for Technical Co-operation in Africa. 
Lagos, Nigeria, 1964. 

34. Dormaar, J. F. and Webster, G. R., Status of organic phosphorus 
in some Alberta soils. Canadian J. of Soil Sci. 43:27-34, 
1963. 

35.· Doughty, J. L., Phosphate fixation by a peat soil. Soil Sci. 
29:34, 1930. 

36. , Phosphate fixation in soils, particularly as 
influenced by organic matter. Soil Sc. 40:191-202, 1935. 

37. Ellis, R. J. and Truog, E., Phosphate fixation by montmorillonite. 
Soil Sci. Soc. Amer. Proc. 19:451-454, 1955, 

38. F •. A. O., Freedom From Hunger Campaign Fertilizer Program.: Summary 
of Yield Results - 1963 Fertilizer Program.. Ibadan, Nigeria, 
1964, 

39. F. A. O., Land Use Survey. of Western Nigeria. Rese.arch Division, 
Ministry of Agric •. and Natural Resources,_Western Nigeria, 
Ibadan, 1963 • 

40. Fife, C. V., .An evaluation of ammonium fluoride as a selective 
ex.tractant for aluminum-bound soil phosphate: I. Preliminary 
studies on non-soil syste~s. Soil Sci. 87:13~21, 1959. 

41. , An eyaluation of ammonium fluoride as a selective 
·ex.tractant for ·aluminum-bound soil phosphate. · II. Preliminary 
studies on soils. Soil Sci. 87:83~88, 1959. 



106 

42. Fisher, R. A. and Thomas, R. P. , The determination of the forms 
of inorganic phosphorus in soils. Agron. J .. 27:863-873, 1935, 

43, Ford, M. c., The nature of phosphate fixation in soils. Agron. 
J. 25:134-14.li-, 1933, 

44, Fraps, G. S., The fixation of phosphoric acid by the soil. 
Texas Agric. Expt. St, Bull. 304, 1922. 

45, Fried, M. and Shapiro, R. E., Phosphate supply pattern of various 
soils. Soil Sci. Soc. Amer. Proc. 20:471-475, 1956. 

46, Fuller, W. H. and McGeorge, W. T., Phosphates in calcareous 
Arizona soils~ III. Distribution in some representative 
profiles. Soil Sci. 71: 315-323, 1951.,. 

47, Ghani, M. O., Fractionation of soil phosphorus. I. Method of 
extraction. Indian J. of Agric, Sci. 13:29-45, 1943, 

48. , The use of 8-hydroxyquinoline as a means of blocking 
active iron and aluminum in the determination of available 
phosphoric acid ofsoils by dilute acid extractions. Indian 
J. of Agric. ·Sci. 13:562-565, 1943. 

49, and Aleem, S. A., Studies on the distribution of 
different forms of phosphorus in Indian soils. II. Vertical 
distribution. Indian J. of Agric. Sci. 13:377-381, 1943, 

50. and Islam, M.A., Phosphate fixation in acid soils 
and its mechanism. Soil Sci. 62:292-306, 1946. 

51. G:len, R. C. et al.·, Flow sheet for soil phosphate ·fractionation. 
Agron. Abstracts, 1959, · pp. 9. 

52, Hamilton, H. A. and Lessard, J. R., Phosphorus fractions in a 
soil sampled at different, depths anq, the effect of lime and 
fertilizer on oats and clover in a greenhouse test. Canadian 
J. of Soil Sci. 40:71-79, 1960. 

53. Harper, H., Tentative methods for analysis of soils and plants. 
Soil Laboratory, Okla. State Univ., 1948. 

54, Haseman, J. R. et .al., M;ineralogical character of some iron and 
aluminum phosphates containing potassium and ammonium. Soil 
Sci. Soc •. Amer. Proc. 15:76-'84, 1950, 

55. et al., Some reactions of phosphate with clays and 
. hydrous oxides of iron and aluminum. Soil Sci 70: 257-271, 1950. 

56. Hem.wall, J. B., The fixation of Phosphorus in soils. In A. G. 
Norman (ed.), Adv. in Agron., Vol IX, pp. 95-112 •. Academic 
Press Inc., N. Y., 1957, 



57. Hesse, P.R., Phosphorus fixation in mangrove swamps. Nature 
·193:295-296, 1962. 

58, , Phosphorus relationships in a ·mangrove swamp mud 
with particular reference.to aluminum toxicity. Plant and 
Soil 19:205-218, 1963. 

59. Hsu, P. H., Adsorption of phosphate by aluminum and iron in 
soils. Soil Sci. .Soc. Amer.· Proc. 28:1+74-478, 1964. 

60. Islam, M. A, _and Choudhury, A. A.,·Distribution of iron, 
manganese and phosphorus in the paddy soil profile. 
J. of Agric. Sci. -54:318-320, 1960. 

61. and Elahi, M.A., Reversion of ferric iron to 
ferrous iron under waterlogged conditions and its relation 
to available phosphorus. J. of Agric. Sci. 45:1-2, 1954, 

62. Jackson, M. L., Soil Chemical Analysis. Prentice~Hall, Inc., 
,Englewood Cliffs, N. J., 1958, 

63. Kanwar, J. S., Phosphate retention in some Australian soils. 
Soil Sci. 82:43-50, 1956. 

64. Kardos, L. T., Soil fixation of plant nutrients. In F. E. 
· Bear (ed.) Soil Chemi.st:ty,, Chap. 9, Amer. Chem. Soc. 

Mon. No. 160. Reinhold Publ. Corp., N. Y., 1964, 

65. Karim, A and Khan, D. H., Relationship between pH and different 
· forms of' phosphorus in some soils of East Pakistan. Soil 

Sci. 80:229·233, 1955, 

66. 'Keay, R. W. J. , An Outline of Nigerian Vegetation. · Federal 
Qovt. Printer, Lagos, Nigeria, 1959, 

67. 1Celly, J. B. _and Midgley, A. R., Phosphate fixation - an 
exchange of phosphate and hydroxyl "ions. · Soil Sci. 55: 

· 167-176, 1943. 

68. Kittrick, J. A. and Jackson, M. L., Electron microscope 
observat:i,ons of the .formation of aluminum phosphate .cryst,als 
with kaolinite as the source -of aluminum. Science .120: 
508-509, 1954, 

69. . and ,. -~ .,Rat-e., of ·phosphate ,r.eaction-. with:' 

107 

soil·'-niinerals and electron microscope· observaticms·-0n· the' ·· 
reaction mechanism. -Soil· Sci. Soc ... Amer. ·Proc. 19:292--295, 1955. 

70. . and :, Electron microscope: observat,ioo'S of 
the reaction of phosphate with minerals leading to a unified 
theory of,. phosphate fixation .. in° soils.· J. -:oi' Soil Sci. · t,. 
7:81-89, 1956. 



108 

71. Kurtz, L. T., Inorganic phosphorus in acid and neutral soils. · In 
W. H. Pierre and A. G. Norman (eds.) Soil and Fertilizer 
Phosphorus in Crop Nutrition. Amer. Soc. Agron. Mon. Vol.· IV, 
Chap. 3, Academic Press Inc., N. Y., 1953. 

72. Kurtz, T., DeTurk, E. E., and Bray, R. H., Phosphate adsorption 
by Illinois soils. Soil Sci. 61:111-124, 1946. 

73, Low, P. F. and Black, C. A., Phosphate-induced decomposition of 
kaolinite. Soil Sci. Soc. Amer. Proc. 12:180-184, 1948, 

74, and , Reactions. of phosphate with kaolinite. 
Soil Sci. 70: 273-290, 1950. 

75, Marshall, C. E., J. Soc. Chem. Ind. Lond. 54:393, 1955, 

76. McLean, E. 0. et al., Aluminum in soils. III. A comparison of 
extraction methods in soils and clays. Soil Sci. Soc. 
Amer. Proc. 23:289-293, 1959. 

77, Metha, N. C. et al., Determination of organic phosphorus in soils. 
Extraction method. Soil Sci. Soc. Amer. Proc. 18:443-449, 1954, 

78, Midgley, A. R., Phosphate fixation in soils - A critical review. 
Soil Sci. Soc •. Amer. Proc. 5: 24-30, 1940. 

79, Ministry of Agric. and Natural Resources, Mid-Western Nigeria: 
·1963/64 Annual Report of the Research Branch, Benin City, 
June, 1964, 

80. Morgan, M. F., Chemical soil diagnosis bythe universal soil 
testing system. Connecticut Agric, Expt. St. Bull. 450, 1941. 

91. Murphy, H.F., The role of kaolinite in phosphate fixation. 
Hilgardia 12: 343, 193 9, 

82. Nye, P.H., The relation between nitrogen responses, previous 
soil treatment and carbon/nitrogen ratio in soils of Gold 
Coast (Ghana) savannah areas. Trans. 4th Int. Congr. 
Soil Sci. 1:246, 1950. 

83. and Bertheux, M. H., The distribution of phosphorus 
in forest and.savannah soils of the Gold Coast (Ghana) and 
its agricultural significance. J. of Agric. Sci. 49: 141-
159, 1957. 

84, Ohiaeri, G. E. C., The distribution of soil phosphorus compounds 
in some representative soils of Oklahoma. M. S. Thesis, Okla • 

. State. Univ., August, 1963. 



109 

85, Olsen, S. R. and Watanabe, F. S., A method to determine a 
phosphorus adsorption maximum of soils as measured by the 
Langmuir isotherm. Soil.Sci. Soc. Amer. Proc. 21:144-149, 1957, 

86. et .al., Estimation of available phosphorus in soils 
by extraction with sodium bicarbonate. U. S. Dept. of Agric. 
Circular 939, 1954, 

87, Ostle, B., St.atistics in Research. The Iowa State Univ. Press, 
Ames, 1963. 

88. Paul, H., Phosphorus st.atus in peat soils (pegasse) in British 
Guiana. Soil Sci. 77: 87-93, 1954, 

89, Pearson, R. W. and Simonson, R. W., Organic phosphorus in seven 
Iowa soil profiles: Distribution and amounts as compared to 
organic carbon and nitrogen. Soil Sci. Soc. Amer. Proc. 
4: 162-167, 1939. 

90. et al., The vertical distribution of total and dilute 
acid-soluble phosphorus in twelve Iowa soil profiles. Agron. 
J. 32:683-696, 1940. 

91, Pratt, P. F. and Garber, M. J., Correlations of phosphorus 
availability by chemical tests with inorganic phosphorus 
fractions. Soil Sci. Soc. Amer. Proc. 28:23-26, 1964, 

92, Rennie, D. A., and McKercher, R. B., Adsorption of phosphorus 
by four Saskatchewan soils. Canadian J. Soil Sci. 39: 
64-75, 1959, 

93, Russell, E.W., Soil Conditions and Plant Growth. J. Wiley, 
N. Y., 1961. 

94, Saunder, D. H._.,, Determination of available phosphorus in tropical 
soils by extraction with sodium hydroxide. Soil Sci. 
82:457-463, 1956. 

95, Shapiro, R, E., Effect of flooding on availability of phosphorus 
and nitrogen. Soil Sci. 85:190-197, 1958, 

96, , Effect. of organic matter and flooding on availability 
of soil and synthetic phosphates. Soil Sci. 85: 267-272, · 1958. 

97, Sperber, J. I., Release of phosphorus from soil minerals by 
. hydrogen sulfide. Nature 181: 934, 1958. 

98. Stevenson, F. J., Carbon-nitrogen r1elationsnips "in :sd:i'l. Sdfl 
Sci.. 88:201-208, 1959, 

99 Stout, P. R,, Alterations in the crystal structure of clay minerals 
as a result of phosphorus. fixation. Soil Sci. Soc .. Amer. Proc. 
4:177-182, 1939, 



110 

100. Tamimi, Y. N. et al., Reactions of ammonium phosphate with gibqsite 
and with montmorillonitic and kaolinitic soils. Soil Sci. 
98:249-255, 1964. 

101. The Economic Development of Nigeria (A Report of the International 
Bank Mission to Nigeria). The Johns Hopkins Press, Baltimore, 
1955. 

102. Truog, E., The determination of the readily available phosphorus 
of soils, Agron. J, 22:874-882, 1930. 

103. United States Dept. of Agric. Handbook No. 60. 
Improvement of Saline and Alkaline Soils. 
Washington, D. C., 1954. 

Diagnosis and 
Supt. of Documents, 

104, Volk, V. V. and McLean, E. O., The fate of applied phosphorus in 
four Ohio soils. Soil Sci. Soc. Amer. Proc. 27:53-58, 1963 

105. Wada, K., Reaction of phosphate with allophane' and halloysite. 
Soil Sci. 87:325-J30, 1959 

106. Walker, T. W. and Adams, A. F. R., Studies on soil organic matter: 
I. Influence of phosphorus content of parent materials on 
accumulation of carbon, nitrogen, sulfur and organic phosphorus 
in grassland soils. Soil Sci. 85:307-318, 1958. 

107, Weir, C, C., Evaluation of chemical soil tests for measuring 
available phosphorus on some Jamaican soils. Tropical 
Agric. 39:67-72, 1962. 

108. Wild, A., The retention of phosphate by soil: A review. J. of 
Soil Sci. 1:221-238, 1950, 

109. Williams, C.H., Studies on soil phosphorus: I. 
the partial fractionation of soil phosphorus. 
Sci. 40:233-242, 1950, 

A method for 
J. of Agric. 

110. , Studies on soil phosphorus: II. The nature of native 
and residual phosphorus in some South Australian soils. J. of 
Agric, Sci. 40:243-256, 1950. 

111. Williams, E.G., and Saunders, W. M. H., Distribution of phosphorus 
in profiles and particle~size fractions of some Scottish 
soils. J, of Soil Sci. 7:90-108, 1956. 

112. Williams, R., The solubility of soil phosphorus and other phosphorus 
compounds in sodium hydroxide solutions. J, of Agric Sci. 
27:259-270, 1937, 

113. Yuan, T. L. et al., Forms of newly fixed phosphorus in three acid 
sandy soils, Soil Sci. Soc. Amer. Proc. 24:447-450, 1960. 



APPENDIX 



112 

SOIL S,AMPLE DESCRIPTIONS1 

Sample No. 

Al75 

Al76 

.Al77 

General Use of the Soils: 

1. Benin Upland Soils 

0-12 11 

0-12 11 

0-12 

Remarks 

High forest vegetation ( Ogba 
Forest Reserve). Gentle 
slope toward.s the Ogba stream. 
Charcoal remains present. 
Sandy loam; dark reddish 
brown (2.5 YR J/4 moist). 

Broken high forest vege
tation surrounded by farm.
land. Level land. Charco~l 
remains present. Sandy loam; 
dark reddish brown (2.5 YR 
3/4 moist). 

High forest vegetation on 
level land. Charcoal 
remains present. Sandy 

.loam; dark reddish brown 
(2.5 YR 3/4 moist) 

Plantation Crops: Rubber, oil palm, cocoa, citrus, pineapples. 
Field Crops: Yam, maize, cassava, rice. 

1Due acknowledgement.is given to J. O. Okotie (Field Overseer
Soil Survey), M.A~N.R., Benin City for the site descriptions. 
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. 2. Auchi Upland Soils 

Sample No. Depth 

A404 0-12 11 

.A405 0-12 11 

A406 0-'12 11 

General Use of the Soils: 
Plantation Crops: Mostly cocoa, 

Remarks 

Broken forest vegetation on 
upper slope~ Sand; dark 
reddish brown (2.5 YR 
3/4 moist). 

High forest vegetation on 
upper slope. Worm casts 
present. Sand; dark 
reddish brown (2.5 YR 
3/4 moist). 

Derived savannah vege
tation on middle slope. 
Sand; dark reddish brown 
(2.5 YR 3/4 moist) 

Field Crops: Yam, maize, cotton, cassava, rice, cowpeas. 

3. Umut u Upland Soils 

Sample No. Depth 

A467 0-12 11 

A468 0-12 11 

A469 0-12 11 

General Use of the Soils: 
Plant.ation Crops : Mostly Rubber and Oil Palm, 
Field Grops: Yam, maize, cassava, rice. 

Remarks 

High forest vegetation on 
level land. Worm casts and 
charcoal remains present. 
Loamy sand; dusky red 
(2,5 YR 3/2 moist). 

Broken high forest vege
tation on level land. 
Worm casts present. Loamy 
sand; dusky red (2,5 YR 
3/2 moist). · 

Broken forest vegetation 
on middle slope. Worm 
casts present. Sand; 
dusky red (2.5 YR 
J/2 moist). 
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4, Ughelli Lowland Soils 

Sample No. Depth 

A447 0-12 11 

A448 0-12 11 

A449 0-12 11 

General Use of the Soil: 
Plant.ation Orops: Mostly Rubber and Oil Palm,. 
Field Crops: Cassava, maize, yam. 

Remarks 

High forest vegetation 
along the bank of the 
Ohwaro stream; lower 
slope. Few worm casts 
present. Loamy sand; dark 
brown ( 7. 5 YR 3/2 moist) • 

High forest vegetation on 
lower slope. Sandy loam; 
dark brown (7.5 YR 3/2 moist). 

Broken high forest.vege
tation. Worm casts present. 
Sandy lOB.1!11 dark brown 
(7,5 YR J/2 moist) 

5. Ogurne Lowland Soils 

Sartiple No. 

A490 

.A491 

A492 

General Use of the Soils: 
None at the.present.time. 

0-12 11 

0-12 11 

0-12 11 

Remarks 

Derived savannah vege
tation surrounded by,high 
forest. Level seasonally 
water-logged plain land. 
Loamy sand; very dark grey 
(5 YR 3/1 moist). 

Derived savannah vege
tation surrounded by,high 
forest. Level seasonally 
water-logged plain land, 
Loamy sand; very. dark grey 
(5 YR 3/1 moist). 

Derived savannah vege
tation sur-rounded by high 
forest. Level seasonally 
water-logged plain land. 
Loamy sand; very dark grey 
(5 YR 3/1 moist). 
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6. Ashaka Swamp Rice Soils 

Sample No. Depth 

A464 0-12 11 

A465 0-12 11 

A466 0-12 11 

General Use of the Soils: 
Plant.ation Qrops : . Rubber on drier land • 
Field Crops: Mostly swamp rice. 

Remarks 

Grassland vegetation on 
the bank of the Ase creek. 
Charcoal remains present. 
Loamy sand; r~ddish brown 
(5 YR 4/4 moist). 

Broken forest and grass
land veget,ation on the bank 
of the Ase creek. Charcoal 
remains present. Loamy 
sand; dark reddish brown 
(5 YR 3/2 moist). 

Grassland vegetation on 
the bank of the Ase creek. 
Charcoal remains present. 
Loamy sand; dark reddish 
brown (5 YR 3/2 moist). 
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OKLAHOMA SOILS 

.1. Harts ells: Harts ells fine sandy loam, 1 to 3 percent slopes. 
Pittsburg County, Oklahoma 

Hartsells soils consist .of well drained red-.yellow Podzolic soils 
developed over Pennsylvania Age·sandstone·that .contains thin beds of 
shales and clays. They are associated with Hector, but.differ from 
them by haviI)g a more developed and deeper profile. They occur·prin
cipally on the gently sloping ridge-top. Hector occurs on the steeper 
side slopes. They are·less red.than the associated Linker soils. 

Soil Profile: Hartsells fine sandy.loam, 1 to 3 percent slopes -
Virgin. Located· about 800 feet· east and 350 feet south of the half mile 
.line on the north side.of Section 8 Twp. 5N, Range ·13E, Pittsburg 
County, Oklahoma. 

A1 0--to 3 inches. Grayish brown (10 YR 5/2) fine sandylaom; dark 
grayish brown (10 YR .4/2) when moist, we.ak fine granular stru.cture; 
very friable .when moist, slightly hard when dry; clear boundary; 2 
to 8 inches thick. 

Topography: Hill tops and single side slopes dominantly.between 2 and 
5 percent; it also occurs in minor areas on slopes up to 10 percent 
in association with Hector soils. 

Drainage and permeability: Well-drained, runoff medium; permeability 
moderately rapid. 

Vegetation: · Postoak, Blackjack, oak,· Hickprj( .(,and minor~ Jlmo:unts)_.of, ShortlEi-af 
Pine in the southeast part of Oklahoma-east of the 44 inch rainfall line). 

Use: A'\)andoned cropland, cropland, .and brushy pasture. The cropland 
.. is used for growing small grains' be.rmuda grass' sorgrums and peanuts • 

Distribution: (In Oklahoma) Generally east of the 38 inch rainfall 
line and north of the Cretaceous geologic materials. 

2. Miles: The Miles series comprises sandy.reddish normal reddish 
chestnut soils developed on sandy.calcareous earths in the Rolling Plains 
of western Texas and Oklahoma. The parent.material is mostlyplains 
outwash or old alluvium of the Quaternary and Pliocene but .some areas 
are developed on petrographically similar earths of other formations 

. or mode of accumulation. The principal associated. series are Abilene, 
Sentinel, Mansker,.Potter, Tivoli, probably Brownfield and various 
series developed on red beds. 

1. Soil profile (Miles fine sandy loam) 

A1 Q..;10" Brown (7..5 YR.4/3; 3/4, moist) fine sandy 
·1oa.m; nel.j.tra:;t; weak medium granular; 
grades to horizon 2 through .a 
transitionl.to 4 inches 'thick. 

Range ·in 
Thickness 
6-15" 



Topography: Nearly level to undulating upland with gradients· up to 
about 5 percent, dominantly l to 3.percent; the surfaces are convex 
to plane. 

Drainage: Moderate to rapid from the surface; moderate internally; 
very faverable for crop production. 
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Vegetation: Mainly Andropogons and other coarse bunch grasses plus a 
few.shrubs of mesquite, lote, catclaw, iucca, and others; .some areas of 
loamy fine.sand are covered with shin oak. 

Use: Very largely in cultivation; with cotton and sorghums as strongly 
.dominant.crops; ·very productive. 

Distribution: Rolling plains of Western Texas and Oklahoma; very 
. ex.tensive. 

Type location: Dickens County, Texas. 



VITA 

Michael Okoh Olomu 

Candidate for the Degree of 

Master of Science 

Thesis: THE DISTRIBUTION OF.PHOSPHORUS AND FATE OF APPLIED,PHOSPHATES 
IN SOME SOILS OF MID:-:WESTERNNIGERIA 

Major Field: Soil Science 

Biographical: 

Personal Data: Born at Abavo, Asaba Division, Mid-Western Nigeria, 
September 28, 1935, the son of Dunkwu and Iriagbose Olomu. 

Education: Completed high school education at Hussey College, 
Warri, Nigeria in 1956; did the H;igher School Ce.rtificate 
course at Ibadan Grammar School,·Ibadan, N;i.geria in 1957-58, 
Received the Bachelor of Science Degree in Agriculture from 
the University College, Ibadan. in 1962. Graduate -study at _ 

· Oklahoma State University1 1964-65. 

Professional experience: Chemistry .and Biology teacher at-Ibadan 
Boys' High School, Ibadan, ~anuary-August, 1959, In the 
summer of -1961, represented Nigeria in a two-week study 
seminar of the International Association of Agricultural 
Students held in Berne, Switzerland. Agricultur.a.l·. Officer 
in the Public Service of Western Nigeria from July, 1962 
to July, 1963; in August,. 1963, transferred to the Public 
Service of Mid-Western Nigeria still as Agricultural 
Officer. 

Member: ' Science'Associatidn· ;of:'.,:tittgeria;'" GohvocatJion O'·f,: the 
tJhiveristy '6.f L6nd6n~'' American' Societ;y,iof Agfonomy<Llffid 
Soil Science s:odety of America~ 




