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ABSTRACT
 

ORGANIC PHOSPHORUS STUDIES IN SOME SOILS OF MALAWI
 

by Spider Kajera Mughogho
 

In the present study, organic phosphorus studies were
 

made in four soils from Malawi, of which two were selected
 

for studying mineralization of organic P.
 

The four soils were found to differ widely in their
 

chemical, physical and mineralogical properties. A relative de­

gree of weathering could be assigned to the soils based on
 

gibbsite content, phosphorus adsorption capacity, per cent
 

base saturation, pH, and reactive Si02/A1203 ratio. The
 

inncralojgical analyses were carried out by X-ray diffraction
 

(XRD), differential thermal analysis (DTA), and selective
 

dissolution analysis (SDA).
 

A comparative study of four procedures for estimation
 

of soil organic phosphorus showed that ignition procedures
 

were superior to extraction procedures. Thus, an ignition
 

procedure (550 0C followed by 2N H2so4 extraction) was selected
 

for evaluation of organic phosphorus mineralization during
 

laboratory incubation.
 

Continuously moist incubation studies were made on the
 

Mulanje and Dedza soils at 220C'and 350C, and 0% and 2% organic
 

residue. Soil samples were taken at 3 week intervals to observe
 

organic P mineralization. Finally, wet and dry incubation
 

studies were done as in continuously moist incubation studies,
 



except that the 220C treatment was excluded, and also that 

noll samples were taken at one week intervals. In continu­

ously moist incubation, there was generally an initial im­

mobilization of P in both soils followed by net mineraliza­

tion, except in Dedza samples where 2% organic residue was 

added. The wet and dry Incubation results, on the other hand, 

showed an initial mineralization of P in both soils, but that
 

subsequent incubation resulted in immobilization of P, except
 

in the Mulanje sample where 2% organic residue was added.
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INTRODUCTION
 

Phosphorus in Highly Weathered Soils
 

Many of the soils in the tropics have been subjected
 

to weathering for much longer than the soils in the temperate
 

regions. These highly weathered soils are strongly leached
 

and are deep;.the plant nutrients are concentrated in surface
 

layers of the soil which arises due to the recycling of nutrient
 

by vegetation (Enwezor and Moore, 1966; Greenland, 1973; Nye
 

and Bertheux, 1957; Russell, 1968). Although the measurement
 

of total phosphorus may be a useful indicator of probable P
 

deficiency , it is less useful than other methods. In most 

of these soils, the level may be as low as 200 ppm. Enwezor
 

and Moore (1966a), for example, showed that total P averaged
 

211 and 170 ppm for 0-15 and 15-30 cm layers of five forest­

soil profiles, and 110 ppm for the corresponding layers of
 

14 savanna profiles, of which the organic P constituted 43 and
 

28 per cent of total P in the 0-15 and 15-30 cm layers of the
 

forest soils, and.18 and 10 per cent in the corresponding
 

.layers of the savanna soils. Similar findings were reported
 

by other workers who report that. forest soils have a higher
 

concentration of total phosphorus than savanna soils (Greenland,
 

1973; Nye and Bertheux, 1957). Although the organic P compounds
 

may be in soil solution, they.are largely unavailable for plant
 

use. The organic form of phosphorus does, however, represent
 

a,potential source of phosphorus which can be available upon
 

mineralization into inorganic forms.
 



Fixation or' imnobilization of phosphorus. is also 'a,common
 

feature of the highly weatherd soils of the tropics. In
 

most of these soils, fixation can be extremely rapid and strong
 

as-a result of the relatively large contents of free iron
 

and aluminum oxides. The extent of the fixation reaction
 

perwunit mass of soil is largely dependent on the crystallinity
 

oflthe iron and aluminum oxides. Generally, the amorphous
 

or noncrystalline forms are more active in phosphorus reten­

tion than are crystalline, well-ordered forms (Greenland, 1973).
 

In most of the highly weathered soils of the tropics, 

organic may represent a greater proportion of the total phos­

phorus than in less weathered soils of the temperate regions 

and the tropics. Friend and Birch (1960) reported that the 

organic fraction accounted for about 86 per cent of the total 

soil phosphorus for some soils of East Africa. Acquaye (1963)' 

found, the organic -Pcontent of-some Ghanaian soils ranged from 

46.o to 69.5 per-cent of the total This: quantity varied 

with depth. The greater amounts of total P in the top soil 

was attributed to the'presence of organic P (Bates and Baker,, 

1960). Cunningham (1963) f ufid that in the tropical soils of 

Ghana in cacao experiments,. organic P was in the-order of 75 

and 55 per dcent Of the total in 0.5.cm and 5-15 cm horizons' 

respective y..Bornemisza and Igue (1967) found the proportion
 

of :'organic P t.o be in the same order for Costa,Rican soil.s.
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Relationship of Organic Phosphorus to Fertility of
 

Highly Weathered Soil.
 

Field studies have shown that soil organic phosphorus
 

content is correlated with crop yields. Omotoso (1971) work­

ing on some cocoa growing acid-soils of southern Nigeria
 

found that for the majority of the soils, there was little
 

response to phosphate fertilizer application where the organic
 

P content was above 30 mg/100 g soil. That is, where the
 

organic P comprised a greater percentage of the total P, there
 

is likely to be. very little response to fertilizer P. The
 

correlation was in line with the findings of Friend and Birch
 

(1960) and Acquaye (1963) and Smith and Acquave (1963).
 

In the humid tropics, the rapid rate of production and
 

decomposition of organic matter, should cause the mineraliza­

tion of organic phosphorus to be more significant than tn tho
 

less weathered soils. For most of the low income countries,
 

where the cost of fertilizer is very high and the price of
 

the produce is relatively low, most of the farmers at subsis­

tence level do and will have to depend on the use of manure,
 

plant residues, and management practices that enhance organic
 

phosphorus mineralization, although this might not be adequate
 

for continued high production of annual crops.
 

Origin and Form of Organic Phosphorus.
 

In general the soil organic phosphorus is part of the
 

organic matter which in turn originates from decaying natural
 

vegetation, although some is accumulated as a result of micro­

bial activity (Anderson, 1967; Birch, 1961; Cosgrove, 1967).
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Cosgrove (1967) considered that the organic P compounds in 

plant and animal remains probably decompose at a rapid rate 

small propor­which prevents their becoming more than a very 


tion of the total organic phosphorus of the soil, and this
 

may be true if one considers some of the information on the
 

possible origins of some phosphate esters known to be
 

present in the soil.
 

The chemical nature of soil organic phosphorus is not
 

exactly known, but the organic phosphorus compounds in soils
 

are generally considered to fall into three 	maln groups,
 

and the inositol
and these are: phospholipidn, nucleic aci(1s 

phosphates. The phospholipidi comprise a :;mall proportion or 

'xc4'edsoil phosphorus, and most values reported (1o not 3 ppm 

of phosphorus (Anderson, 1967). 

The nucleic acids (rll)onuc ,ic and deoxy ribonuclteic) 

reach the soil from decomposing nicrobial, plant. and animal 

points out that It is unlikely thatremains. Anderson (1967) 

5 10 tatersthey account for more than to per cent of' the phon­

phates in 1nils. The third group conniItt..s f. tht. ino,1 tol phos­

fire enter:t of 005 lt)l, t uttirateiphates which tlih o i eve lle, 

six-carbon alcohol witli it pli)h-phtt,• gtroup c t-ich v1.a 0,o . Fol 

ich rit t rtound thieisomers have been (1tCove'()( t ' wh )nl1y ti i' 

inositol of plantts, w111e1 (' learl 1y n11taters thit thim inot, otol 

. ero are' not (lullI Vlum p hntd, butphosphates of t ti ony rroI 


also that they may etp lpr iut(-i In tii l l m ttoi
r',,r h
 

, haivo tiii roported wittl r@=
(Coagrove, 1967). WIde vatirtlofi 

tho oatvr,4, but Andralron (1967)gard to the abooluto amounto or 
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points out that the inositfl phosphates may account for more
 

than 50 per cent of the total organl c phosphorus, although 

the average may be put at 30-35 per cent. In a thorough review 

of organic P, Roberts and Weaver (1973) pointed out that over 

half of the organic pho';phaten have not be-ri identified. 

Mineralization of' Organic P1honphoru;. 

Organic phosphoruns i: not dirt.v7tly awillable for plant 

nutrition, and h'irit mlr-el'llized :ilrice the takesmu.-t h,. plant 

up phosphoruw In the lrnorganri form. The p-obl em Is that the 

soils beirlg a dynamic systtem, in not In a ittltr- or e-quilibrium 

so that the rin,,ralI at on of organlic ' will depend not only 

on tile |tr' , of mIcrobil popi lit I ont ;11.1 oll whethelUi 

tilt" ,ly imltni ; t ttq ravoers t'lll ,.:t 1'a Ion l-r I,.- Itfmolbi111I It Ion 

01r Ie tiiI -15 I-iI I -*, I -, I ,i 

In hitt eitille-i of 1, iranEor,:*t I n 4utivi.i p1 ant ,ekcompoatI­

!Aon, Birch (1)61) Lfwi~ that during tihe fr'1-t two iny;5 t|*-!j 

was 4 ar-1 rlie II in to re wi or urgnoe ~ ft1 ee 

by to 4. I ta-~~ r- ofrt wr ~ o~n ' 

T'his 11 it o reeit-111 wa!t 'otlitrt worxerr, Ltiz.we 7);, 

foun4 khIft tf~e-v~ U ; aft IiltloI 3'1i r'tuosil2t iuf, lit all# ele t 

sevon or' ti ve >rltt ci i* twi iit t i ,111 

ton (- *ci " 1 1edtiec Ctle t~~4te i~ 

i@vPi o ofr wtt i cad , lh.j1 -41 1 tie - 1 4#-y -4~t, iiI lf-' r' t 

by 04r~'~ !j ( J11 )''f1~r 

ation or @roo,i~ r wtil of, 4r Ir ' t~o4~jl i orq,4"le P 
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ratio of the materials is below 200 while if the ratio is
 

observed
above 300, immobilization will occur, which has been 


when large amounts of energy-yielding materials are intro­

duced into tioilo (Birch, 1961; Enwezor, 1966; 1067; Friend
 

a-sid IM11'li, 10()). 

o ,riar I I' ImIeo':ll 1l:'&s ,if.('tinili l 'i:wti (1 )61) found that. 

aipp)ox I:,i:tl ely tit' :ame rate av. total ittroIv tnlIn forest soils 

it, Olana. Organic P mlnerallzation seems aloo to depend on 

the percentage of the total P preIsent In the organic form 

rather than on the organic C: organic 1P ratio with which 

mineralized P wavt poorlv correlated (Enwv.-or, 10(.6; 1967). 

Jackman (lW9'), ait'd on retiulltti from 18 ft-Itd trials in'.) 

round t 11t.t ave rage onv ri I '1.io (i 20 to 30 per
No~w ?."rt 1'li1, 

ci twilt,
ctoItt or lho,+i i t!ttot, I*, were iiundt ii t)ilt i ot| I or 

041 lo fit &r' 1 t, , ht igiuo V'1ti .)I* WI-)IuO 111-1 k111 Iit ye'1 141w. 

1hIC, uI-urta tit, ti're errecto or at~de( pits ihorti 3re 

ri) that Iiroame extraict­confl11ctine. Acqueye ( folud th sit 

|' ituie to incutvitioi of aome iotlo or Olitina witaablo inoritte 


In thtc or P i Titert ro=
Xrriifter prooi! tiro i 14. 


6411o o re, ill W~c~f10 The Wol-4 Or frtr.,r ( 1 ,tf ) . Tho
 

tit t~worol
w4ittuio r stioref~iteIuthitt~*1 i it Itrt1 


puptst. virdt s it ret-iee~Uet ti ore'iurui rrom the
 

*Ii~hfnd ii1!' i tftkil+e. it
#,t th'ib r,014d$Y 4v 11mt'tt, tir' MiiiIral­

1A44o to @va@ntuol r#. In orLonto P mtwnrmltltifn. 
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The results of the experiments by Wier and Black (1968) 

on the other hand showed that the rate of organic P mineraliza­

tion in soil was not enhanced by addition of inorganic P. 

This is In ajgreement with the results of Yoneda and Shigeputa 

(1q56), and ,Jaekman (1055) who Pound a g-reater content of' 

ranilc I' In C1'opped fields, and that this increase In organic 

P war at:ociated with fertilization and accumulation of total 

P :n the surface layer. Dormaar (1972) found that the effects 

of fertilizer levels on organic P were small during the first 

season. In the second year, addition of fertilizer often re­

sulted In an increase in soil organic P. He also found that 

there wa:s overwinter butidup of' soil organi P.1 More recent 

Wo:'I by Akl'b:iyo (10'13), whIo wor'keod wlthl NlrI'orlan oill [:-, cIoeal'v 

Ilht1 Wle,.; th:rt, the' rIv' (W o -giiaicI' ind orjigarl C mn e(ral-

I z.alon W;,, riot. enllnanced by addItion of' I rioranlc 1'. On the 

contrary, the organic P level was constant throughout the 

experiment. 

One of the best indicators that mineralization of organic
 

phosphorum does Indeed occur is evidenced by comparing unculti­

vated soisi to thosev that have been cultivated. Cunningham 

(1963), who followed the elf"'ect of' clearing a forest in Ghana 

ovor a thre year prlod ebhnerved that there was a decline in 

the total nrganle I' content. ThIn1: is in agreement with the work 

of Omotomo (1971) who f'ound thtt thre was , In general, a lower 

orn n IV' iontet Iii th(, cult I vatt ed 1oll than in the uncultI­

vlated noilri or N1grta. Thii, he concluded, tiuggestsi that 

tho organle P can be potentially available for plant nutrition. 



Temperature is one of the most.important factors that
 

Field experi­affect organic P mineralization'in the s6il.. 


ments on a clayey Ultisol in Puerto Rico have shown that there
 

no response to applied inorganic phosphorus in a warm
was 


season, but that there was a definite response in a cool season
 

(R. 11.Fox, Dept. Agron., Cornell Univ. Ithaca, N.Y. personal
 

some Ghanaian
communication). Acquaye (1963) found that for 


soils more organic P was mineralized during laboratory in­

400 or 270 C. Wetting and drying the
cubation at 500C than at 


soil may also have an effect on organic P mineralization
 

Birch (1960a)
(Birch, 1960a; 1961; Friend and Birch, 1961). 


points out that the drying effect involves changes in the or­

ganic fraction of the soil and that the organic material
 

involved is a product of microbial decomposition of complex
 

organic matter. In their experiment, Friend and Birch (1961)
 

reported that organic P was completely mineralized after 204
 

cycles of wetting and drying, but not organic C and N. The
 

effect of wetting and drying may be due to changes in the or­

ganic colloids.
 

Soil reaction also greatly influences organic P mineral­

ization. Omotoso (1971) observed in a calcareous soil that the
 

a result of cultivation was much
decrease of organic P as 


This greater decline in the
greater thah that in acid soils. 


organic P was attributed to rapid mineralization at higher pH
 

values. Apparently, increased soil pH stimulates microbial
 

activity and consequently organic P mineralization (Awan, 1964;
 

1963; Islam and Ahmed, 1973). Awan (1964),working
Halstead et al., 
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with Zamorano soils showed that there was a decrease in
 

organic P after two years of cultivation In soils that were
 

limed; and the effect was even greater when lime was applied
 

with inorganic P. These results are in line with those of
 

Halstead et al. (1963) and Islam and Ahmed (1973). Halstead
 

et al. (1963) found that liming resulted in an average decline
 

of 3.6 per cent in the total organic P content of incubated 

surface samples of seven acid soils from eastern Canada. Re­

duction in soil organic P due to liming is assocaitod with an 

increase in the number of organisms, and CO2 and nitrate pro­

duction. One of the hypotheses is that the organic P esters 

may be in the form of Al- or Fe- inositol hexaphosphates, and 

raising the pH to about 6.0-6.5 may transform them into 

more soluble Ca-salts which can be easily mineralized. 

Determination of Organic Phosphorus.
 

There has been a considerable amount of effort on the
 

development of methods for estimation of total soil organic
 

phosphorus. The methods currently used may be classified as
 

either ignition or extraction procedures. In ignition-type
 

procedures, total organic P is determined as the increase
 

in the amount of extractable P that results from ignition of
 

the soil as compared to an unignited sample. In extraction
 

methods, the soil is treated with suitable reagents so as to
 

remove both organic and inorganic P. After determination of
 

inorganic P, total extractable P is determined by treatment of
 

the extract so as to convert organic P to inorganic P.
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:Organlc. P is then taken as the difference between total
 

extractable P and inorganic 1.0
 

The more commonly used ignition procedures are those of
 

Saunders and Williams (1955) in which samples ignited at 5500C
 

are extracted with 0.2 N or 2N H2S04, and Legg and Black
 

(1965) in which samples are ignited at 240°C and are extracted
 

with concentrated HCI. Generally speaking, ignition procedures
 

are advantageous in that they are relatively rapid and simple,
 

and give more reproducible results than extraction methods.
 

There are, however, several possible errors that may occur with
 

ignition procedures. One of these is that the destruction of'
 

organic matter by Ignition may change the inorganic P al-eady
 

present in the soil.
 

Bornemisza and Igue (1967) found that there was a reduced
 

efficiency of the Saunders and Williams method in that during
 

ignition, a portion of the mineralized organic P reacted with
 

soil constituents so as to produce inorganic forms of P
 

that were not extractable with 0.2N H2S04 . The latter occur­

rence can be partially prevented by use of a stronger acid such
 

as 2N H2SO4 . However, this will increase the possibility
 

that some organic P may be hydrolyzed during extraction of
 

inorganic P from the unignited sample. This was pointed out
 

by Anderson (1960) who found that overnight extraction with
 

2N H2SO4 gave no hydrolysis of inositol hexaphosphate, but it
 

did affect other esters, and mineralized glucose-l-phosphate
 

quantitatively.
 



Not only do ignition procedures suffer from changes in
 

extractability of inorganic P resulting from ignition, but from
 

incomplete oxidation of organic P with low temperature igni­

tion, and volatilization of P during ignition. Williams et al.
 

(1970) pointed out that low temperature ashing (LTA) using ex­

cited oxygen can be of much use In estimating organic P. It
 

has advantages in that it eliminates volatilization of P, and
 

that it also minimizes the changes in the extractability of
 

inorganic P as a result of heating.
 

Most of the extraction methods for organic P in one
 

form oranother consist of treatment of a soil sample with an
 

acidic reagent followed by an alkali reagent. The purpose of
 

the acidic reagent is to remove Ca, Mg, and other polyvalent
 

cations which otherwise could cause precipitation of organic
 

P compounds during the alkali extraction. The acid extraction 

also releases organic P that may be occluded within iron and 

aluminum oxides. The most widely accepted method is that of
 

Mehta et al. (1954). Brieflv, this method consists of treat­

ment of a soil sample with hot, concentrated HC1 followed with
 

0.5N NaOH at room temperature and then with 0.5N NaOH at 800 C.
 

Although the Mehta et al. extraction procedure is generally
 

accepted as a reference procedure (Bornemisza and Igue, 1967;
 

Enwezor and Moore, 1966a; Legg and Black, 1965), it has two
 

possible sources of error. These are incomplete extraction of
 

organic P and/or hydrolysis of organic P during extraction.
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Accordingly various modifications of the Mehta procedure have
 

of error. Anderson
been proposed to circumvent these sources 


al, method by first extract.ing
(1960) modified the Mehta et 

with dilute alkali (70 ml of 0.3N NaOH) overnight prior to 

The overnight. extrac­application of the Mehta et al. method. 

tion. witl dilute alkali removes some ot' the oirjanl e P tlat 

would have been hydt'oly zed by concelntrated 11 or
othe-wI a, 

the uLW oI' I .1N NlI1 1Oll at 
0.5N NaOll. Saxona (1972) sulgec! ted 

Ci':i0ti1o01'750C for removal Iof ,;odlum hyd 'oxde hydrIy ;a b Ic 

1' prior- to the ,econd 0.MN MaOfl tr'eatlment atsoil organic 


90'C, and t itmet; hod ;uper'lor to Melita e t al. method.
found ; 

Iteward andThe latest developmont In thI,; area ha-, been by 

Oadca (1072) whio 8,l)mrcL;'t'(d pr0-extr.aCt1oI (WI"the .',0l] wIth 

of tl. :wl 1 ..u-pendodIN II01 (1' r11) , lion ulti'i,:1otilc Viblat Lon 


in 0.5N NaOIl, u trig maximum eutrret for' i mlniutoAI. 11,1t. of 1M
 

,xtiactionacid pretreatment witl :1 lInrl,, vli(oI'ous t:oll gave
 

ta. The method
values as h1g) a i, or' hIlit,' i tl an tlh:', of' Mt 


ext.Tacl. Ion
aloo 	eliminatosa :-ecoTi NaOil 

One of' tlie bI gjgea 1 pr'obl,mw In tie Ilclection of a method 

for estimation of' organic 1P to that therelt a ditinct quail­

tative (ifforence In the pholiipliate t.ato, 'A:pronent in various 

soil typoA or -,"111 of dli'terent regi on: (Anidovnoil, It)(,O). 

Soil.l from acId reyiona may bhlv,, qu i to (dll'I',,e ot v From thove 

of alkallno regiont. It al 1Ia-o Vye -y U'I'u to know the reln­

tionship b)0 tween tihe clay-ticriq ixide Fr'net 1(, i I1 org-anI 

fractiono, tInce dIt'f'orent forms of' cempiox,', might have dif'­

few reao.ferent ruacitonn to the procaduron developed rrom a 
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Anderson and Arlidge (1962) report that soil clays and clay
 

minerals and hydrated sesqutoxides adsorb some tnositol phoo­

phates and glycerophosphate. Although this case has not 

been extensively pursued, it needs to be investigated even 

more in the hilghly weathered solls of the tropics which have 

greater amount.; of' a-e-qli.oxi(c. Thus, he re lablIty of any 

givon met.od could be btter as If' more tril'ovinatlon were 

available about; the nature of' the Interictton between the 

organic matter and clay-sesquloxlde fractions.
 

Phosphorus In Soils of Malawi. 

Most of the virgin soils in Malawl have not been found 

to be deficient in pho:phorus, but In iome soils the deficiency 

is induced by contlnuou:s cu]ttvatlon In a short time (Brown, 

1966; Brown and Young, 1964 ; Young and brown, 1962). These P 

deficiencleti more generatlly appar on heavl,-v 1-('d s1ol]- than 

those on the :1itid lor yellow anl grey -ot. L- (livown, IO9,( ) 

Rospontonz are common In tihe plateau and hill :mr'eas of' Central 

and Northert Beglon= , but not, In the 8outhern Riegion, although 

this is the most. densely populated and cultivated area In the 

country.
 

Brown (1966) revortvtd on aome of the results of manuring 

oarried out in till thr.e rtglons (Northern, Central and 

Southern) of Malitw1. Ie obaerved that there were marked re­

sponsem to ma nure 'pip li tiil on loEa fe rt,lle ao11I:i than on the 

bettor sotls, ti,,, that. thltl ri'eip1oitivi' may 1. (I1, to nutrient 

content or thf imtinure ratheit thnn the Presen(e, of organic matter 

Pro. Fnwozor (1967) pointed out that whore inorganic forma 



of P account for the bulk of the total soil P. a study of
 

the organic P would seem pointless unless the inorganic forms
 

are low in availability.
 

Objectives
 

To date, no studies have been conducted on the rela­

tionship of organic phosphorus to crop yields in Malawi.
 

In view of this, the purpose of the present study is to
 

content; 3) Phosphorus adsorption characteristics; 


investigate: 1) The physical, chemical. and mineralogical 

properties; 2) Total-P, inorganic-P fractions, and organic-P 

and 

4) Mineralization of organic P in incubated samples of some
 

Malawi soils.
 



MATERIALS AND METHODS
 

Description of Soils
 

The soils used in this study were sent from Malawi, and'
 

the author is very grateful to Mr. R. W. Borden, University
 

of Malawi,'^Bund&rCollege of Agriculture, Lilongwe, Malawi who
 

sent the soils and gave most of the profile descriptions.
 

All the samples were from the surface layer (0-15 
cm). Fig­

ure 1 shows the map of Malawi and the locations where the soil
 

samples were taken.
 

Mulanje Site Mimosa or Mulanje Series - taken in a young
 

Eucalyptus plantation which was about 1-2 years old at the time
 

of sampling on the Thornewood Estate, is likely a Mimosa or
 

Mulanje series. The soil appears to be a Ferrisol (Belgium
 

system) (Ustox, by the new U.S. soil taxonomy) but no profile
 

description was available yet. Young (1962) gave a profile
 

description of the Mimosa series, and this lies on a deep, red,
 

clay, having typical properties of a Ferrisol. The profile is
 

a uniform dark red from the top downwards, and has a marked
 

lack of textural differentiation, remaining clay or sandy
 

clay from the subsoil to a depth of 240-300 cm or more. The
 

subsoil has a moderate blocky structure, well-developed in
 

depth. The consistency is friable and soft. These morphological
 

characteristics result from complete predominance of kaolinitic
 

clay minerals, and the profile is strongly acid, pH .75.O.0,
 

and the subsoil base saturation is low,
 

Bvumbwe Site- Mullon series, which is classified as a Ferrallitic
 

latosol, or Eutrorthox by the new U. IS. soil taxononomy. It is
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Figure6,-j.	Map of Malawi showing places' where the soil', 
samples were taken. 

The, following abbreviationsindicate:. 

Li =-Lilongwe (Bunda soilY 

Dz.='Dedza
 

Bv =Bvumbwe 
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the top member of a catenary sequence. The top soil is dark
 

red, sandy clay or sandy clay loam, with 30 per cent clay.
 

The subsoil is bright red clay; no textural or structural B
 

horizon; clay content usually increases to at least 180 cm;
 

weak crumb structure is sometimes present; low C.E.C. suggests
 

kaolinite is predominant; numerous quartz crystals; other
 

weatherable materials are negligible (Re. Bvumbwe Agri. Res.
 

Sta. Soil Map, unpublished).
 

Dedza Site - This soil belongs to Dedza series, a Ferruginous
 

latosol of high altitude type (1440-1560 m). Brown and Young
 

(1964) gave the following description:
 

Top soil is a dark reddish sandy clay loam, or is less commonly
 

sandy clay. The dark color continues to a depth of 30 to 60
 

cm, and the profile is characterized by a contrast between the
 

reddish brown (2.5 YR hue) or a dusky red subsoil, and a red
 

lower subsoil. The subsoil is dusky red clay, strong medium
 

block, clear ped cutans, weatherable minerals are common.
 

Weathered rock commences at 100-120 cm.
 

Bunda Site - The soil belongs to Lilongwe series, A Ferruginous
 

latosol. 0-15 cm: Dark reddish brown (5 YR 3/2) sandy clay loam;
 

moderate fine crumb; slightly sticky, plastic, very friable,
 

slightly hard; common coarse sand and fine quartz gravel;
 

frequent roots; clear smooth boundary.
 

Characterization of Soil Samples
 

Physical and chemical properties.
 

Organic matter was determined by the modified wet combustion
 

method of Walkley and Black, as described by Greweling and
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Peech (1965). The pH was measured in water and O.O1M CaC12 

at a soil: solution ratio of 1:1. The glass electrode or the 

pH meter was positioned In the supernatant. 

Cation exchange ' capacity wXi1i meauId by tiat urat Ion wi tli 

neutral N ammonium :cotate. Th' '.'l1 Wao thel wailit't witi 

isopropyl alcohol; leac hed with 10 per cent wllht /vol ise 

NaCl In 0.005N 11Ci, aind Ni 4 in the extract wa:i detrminled by 

nesslerization. Amonium acetate extrict '.OIl wii U-ied for 

exchangeable bases. The organic Mrlttet' In the extractl WAD 

destroyed by L)Ofand silica dehydrated with cuncentrated 

HCl. Lanthanum sufficient to giv- it 1) cont-rntration w4i 

added to the :',iilldue, arid t , ,,xchtnarwevb 1t- :a - Were det er­

trpt t:.,mined with :t ,1lvo',l A:th itortl,'t ion ;pO Irujih ol tt 

l'xL, ldng tiIitI ' :w itd t V wi lie iviured by tho ItiC I*,.'- A mothrod 

(Oroweling and le,.ch, 1, ) . 

Mineralogical 1'ropertiva. 

The soil samplen were treatd with odium hypochlorito
 

(NaOCl adjunted to pil 1.i) to remuve orti~1ne mlttr. The 

method of Jrackior (1 ',1)) wars urtedl to isphrite the *#njo 011t 

and ci~y miz rirttt~uiii *ris metisod ilivlva wot bleviil 

OOfltri fugnt I (, ti f ndttt1 socil(', 

Tlhe- la ' tud wtmo K-K rAME- tur t+4,rtt1'tr C: w nti4 

+4 4etePrsie 

the qul11tti tve oompoot otiu+O t him o+ol+| cotq+|d. tht 4fii+|V|@ 

which X-ray dmrrvact it, (X1ia) ivtaiy1tb u .46c t, 

ro:volom pow4i'r ottx0co or tjc eo@rob ft,41trt,4_1gWool #lo tood oti 


i ti tir 6mL.
to liv ts1utimt1ves taeo or ie.tse tite ofMt v*i 
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fratlontI, meo M~ 4nlv wore carrI*4 at on~ 4 "Oreo 41r­

frractoer uaing eux) 4 X-rmln (IS KV, 15 m4), 

ThO 400UMPfl~ g1it~ib~l 404 4401fItI toi 001 el~y fre­

ttao wore 4etermln#4 ,emtqU ItRttIV@1V 441t'( Uffr~eoitl 

nse4 witti 160 mt - #iaitt ojt~lW44 t~eeii C4-otiur,-e4 were 

(Al~ 0 3 n4 the ovvloo, were hette-4 4t me r4 orW e 

4"4 kd4oti *ere eoei e 4"i4 rerIerr"P000~ of slovolte 

tPer eeft In e1~y 

, &itIro,!i iS400 vere roiav,6 

Wti6it $on r00 "01440#~* ta -e-t m- r#fe --

Iwo 4*arpf &40 L 44 lr~,jw 4llr 



mood for 41goation or the sumoo. on 4 Klol4ahl 41goation 

4pparatus. rthoophorus V.. 4otor1nv4 by th@ 4@oorbIC 4014 

uottto4 O~f Wetwnbp a44 Olson (1965). 

Prait~tto o 	 Inorien~c gfiophortsa. 

teo~erlbe4 oy Pt'eeroen 4"4 tkor4,y (1966) alolt with evri 

awm ~ te4tin , Firot, the 	 pro­~ o4 alnr, fropetoritton 

ca~urd orC anM J4ckpon extrae~t bOath the 4'Iot-rt~ei! 4 

iarotllio rron collp, th~e 44*orbe4 Pworesei prio 

to rr tiontton by riv. Ruco#oaive * tra iiono Vitrb 6.5" 

M10cf M 04CI 4* oueoloil Oy 0004rl# (lq71). ~e~y 

UY'ejtrwetoo rar £1P4o 4one for 24 hour# tn # or ane 

or oe4oarptlo -orP 4,4ritw. the to4?ei~r~elln orA)-I**4 

VMlot Oy 	 0.51 #WO4C trfe­4,&** wir~otlng an* 4441tton-

*41to r* then @orro.td on tho t'4010 or tooe reeovorw of the 

44e*4 p~h81pwie 

A * prportion @r *44#4 P #Morb#4 tow @oil during 

C'or"004 j_* ~rsi4 A14P 

Cow*#*4?#-I' * 	 wmormoid F#-P - Nom(@P A~J norr@t# 

A't. 



To determine the citrate-bicarbonate-dithionlite extractable P 

(Nducetnt-loluble), the Dprocedure of Weaver (1974) wa3 follow­

ed. 

Phosphorun adsorption. 

Phosphorus adsorption Isotherms were determined eanentiallv 

Two gram air-dried samplesas dencrihed by Fox et al. (1971). 

tempe ature with varlousi amountol ofwore equ11ibrated at room 

phosphortus (Kj-pIrO h ) in O.01iM ca(c 1 for 14,tioursi of continuous 

shaking., arter which P In solution wais dettrmined 1,y the ascor­

bie a Pite t Wattana," .111d 01 s'n (10(')). The P ad:iorptIon14 rd w' 

datf w rr attily:-,d In ttrtmi (hr t h Freunidj1c and tle Langmuir 

it i t11o idlit-h ,oq|alt ion Il ao:ni. , l'thut 	 ';|Vonv 

a Pwhere x ue t Vadtiebd per gram ofr sol; 

C * equilibrium nolution concentration of P; 

Kon * cunrittints. 

The Langmulr eqution, In a lintar form, In given as: 

o a *I 

where 	 x a ug of P adsort'ed per gram of noil; 

b a adPorption maxima; 

O a equilibrium tiolutlon concentration of P; 

k 9 Coi)3ttltl und rrltedl to energy of adsorption. 

D~tortn lit i oil 	or urrjilti PItiolliiorllt 

A comparntlvr mtiltoy ofr proo(imti'at froil vntimatine organic 

P ws cofnotdroti to lt, ntvaclo~rsy mo ii Lu nvlect the mont suit­

able procotur' fror -valuntlon of organic 11minernlriation during 
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the incubation studies. Accordingly, organic P was determined
 

by several ignItIon and extraction procedures.
 

Extraction methods.
 

1. Mehta et al. (1954).- The soil sample was extracted with
 

hot concdntrated HC1 followed by cold 0.5N NaOH and then hot
 

0.5N NaOII. Inorganic P (Pi) was determined on an aliquot of
 

the extract by the ascorbic acid method of Watanabe and Olsen
 

(1965). Total extractable P (Pt) was also determined by the
 

ascorbic method after as aliquot of the extract had been treat­

ed with acidified potassium persulfate and digested on a hot 

plate (Robarge, 1971). Organic P was taken as'.the difference 

(Pt - P1). 

2. Ander:;on method - The procedure of Mehta et al. (1951) as 

modli'led by Anderson (1960). ThIs involves overnight extrac­

tion of the soil sample with 70 ml of 0.3N NaOH, to remove forms
 

of organic P which would otherwise be hydrolized by the concen­

trated IHCl. After centrifugation, the residue was treated as
 

in the Mehta et al. method.
 

3. Anderson method modified - The soil samples were first ex­

tracted with 0.5N NaHCO3 + 0.5N NaCl, and total and inorganic
 

P were determined in the extracts. The residues were treated
 

as in (2).
 

Ignition methods.
 

Saunders and Williams methods - These involve the ignition
 

of the soil sample at 550 0C or 240 0C for one hour. The samples
 

were then extracted with 0.2N H2SO4 or 2N H2SO4 for 17 hours.
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Phosphorus was determined in the ignited and unignited samples,
 

and organic P wan estimated by difference.
 

Incubation Studies.
 

Continuous Incubation
 

Mulanje and Dedza soils were selected for this study. To each
 

soil enough lime, Ca(OH) 2 was added to almost neutralize the
 

exchangeable aluminum as determined from N KC1. (See Appendix 1)
 

Four treatments were made as follows:
 

1. No corn Stover added; incubation at room temperature;
 

2. Addition of 2 per cent by weight of organic residue
 

(ground corn Stover; 0.8% N and 0.24% phosphorus);
 

3. 	No corn Stover added; incubation at 350C;
 

4. 	Addition of 2 per cent by weight of corn Stover;
 

incubation at 350 C.
 

Before incubation, enough water was added to each soil so as to
 

approximate field capacity. This was 40 ml water per 100 g of
 

soil for mulanje soil, and 25 ml for Dedza soil.
 

Samples were taken at 3 week intervals over a total
 

period of 12 weeks to study:
 

i. Total-, inorganic-, and organic-P by ignition at
 

5500C and 2N H2SO4 extraction;
 

ii. 	Adsorption of P. This was done by shaking 1 g (air-dry
 

equivalent) of soil with a 0.01M CaC12'solution contain­

ing 50 ug P/ml for 48 hours.
 



At the end of 15 weeks additional analyses were carried' out:
 

i. NaHCO -extractable total-, inorganic-, and organic-P.
 

were determined;
 

ii. 	NO3 and NH4+ were determined in 2N KC1 extracts by
 

Kjeldahl distillation;
 

Iii. pH was determined in 0.01M CaCl 2.
 

Wet and Dry Incubation
 

The same Mulanje and Dedza soils were used in this study.
 

Preparation of the samples was the same as in the treatments
 

incubated cont:'uuously moist. The room temperature treatments
 

were excluded. The samples were alternatively wetted and dried
 

at one week intervals at a temperature of 350 C for a'period
 

of 8 weeks, after which the following studies were made:
 

1. Total-, inorganic-, and organic-P by ignition procedure
 

as described before; and also by 0.5N NaHCO extraction

3.
 

procedure;
 

ii. 	Adsorption of P, as described before, but using a solu­

tion of 25 ug P/ml.
 

iii. 	Fractionation of inorganic P as described before, but
 

this time only the Al-P (one hour extraction), Fe-,
 

and Ca-P were determined, together with the bicarbonate
 

extractable P;
 

iv..N03 - and NH + were determined as before.
 



RESULTS AND DISCUSSION
 

Characterization of Soil Samples
 

Physical and chemical properties
 

Some selected analytical data for four Malawi soils are
 

given in Table 1. The pH of the soils reflects the differences
 

among the soils, as do the other phywical and chemical pro­

perties. The pH as measured in water is higher than the pH
 

measured in 0.01M CaCI 2, an indication that the soils have a
 

net negative charge (van Raj, 1971). The low pH and the rela­

tively low percentage base saturation in Table 1 for the Mulanje
 

series are characteristic of a highly weathered latosol - a
 

Ferrisol (believed to be an Ustox in the USDA new classification)
 

The relatively high amount of exchangeable bases for
 

the Bunda soil are characteristic of the less weathered
 

Ferruginous latosols (Ustalf). Bvumbwe series is believed to
 

be a Ferrallitic latosol, or Eutrorthox by the USDA new classifi­

cation (Ref.: Bvumbwe Agr. Res. Sta. Soil Map, unpublished). The
 

fact that it is a Eutrorthox is not reflected in the slightly
 

lower exchangeable base cottent than is usually exnected. Al­

though the Dedza series is classfied as a Ferruginous latosol
 

(Young and Brown, 1964), this is not reflected in the analytical
 

data in that the top soil (0-15 cm) has low exchangeable base
 

content compared to the highly weathered Ferrallitic soil from
 

Bvumbwe. This is based on the assumption that Ferruginous
 

soils are the least weathered while the Ferrallitic soils are
 

the most weathered, with the Ferrisols as intermediate (Brown,
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Table 1. Some chemical characteristics of the four Malawi soils (0-15 cm).
 

BaCI 2-TEA
PH Exchangeable bases 

Soil V C H20 CaCI 2 K Ca Mg Sum Extr. acid. C.E.C. Base sat. 

% -- -meq/100 g % 

Mulanje 1.52 4.8 4.2 0.10 0.24 0.30 0.64 14 17.2 3.7 

Bvumbwe 1.99 5.6 5.2 0.39 4.11 1.55 6.05 5 18.8 32.2 

Dedza 1.05 5.5 4.9 0.32 1.88 0.68 2.88 9 13.4 21.5 

Bunda 1.37 6.1 5.6 0.53 4.99 1.88 7.40 9 15.5 47.7 

1/ Mulanje soil - Ferrisol (Ustox);
 

Bvumbwe soil - Ferrallitic latosol (Eutrorthox);
 

Dedza soil - Ferruginouw latosol (Ustult?);
 

Bunda soil - Ferruginous latosol (Ustalf)
 

ro

a'r 

I 
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1964; Young and Stephen, 1965).
 

The cation exchange capacity, on the other hand, does not 

reflect the relative age of the soils. The cation exchange 

capacity of the Mulanje soil and that of I3vumbwe soil is sur­

prisingly high. Thuis is probably a reflection of the higher 

organic carbon content of these two soils. There is a high 

correlation of the organic carbon and the C.E.C. (r = 0.9),
 

and organic matter apparently contributes a 2onsiderable pro­

protion of the C.E.C. as measured by neutral N NH4 OAc. Pratt
 

(1957) pointed out that the organic matter may contribute as
 

much As 14.9 meq for every per cent increase in organic carbon
 

()1()0 meq/ 100 g organic matter). Young and Stephen (1965), 

work d withI higli :lt itude ,'err'alitlc latoso Is (Ustox) of high 

organic matter (5-10 per cent) which had total exchangeable 

cations as high as 10 mea/lO0 g soil in the top soil, but less
 

than 2 meq/100 g soil in the lower horizons. This clearly in­

dicates the-importance of organic matter to cation retention
 

capacity.
 

The four soils showed a wide range of particle size dis­

tribution ranging from as high as 48 per cent clay for Mulanje
 

soil to as low as 22 per cent clay for Bunda soil (Table 2)
 

while Bvumbwe and Dedza soils are intermediate at 38 and 36
 

per cent clay, respectively. The per cent sand changes in the
 

reverse order with Mulanje, Bvumbwe, Dedza and Bunda soils
 

having 42, 48, 49, and 62 per cent sand, respectively.
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Mineralogical properties
 

The random powder XRD patterns showed that the predominant
 

mineral in the sand and silt fractions is quartz, although there
 

are traces of apatite in the Dedza and Bvumbwe soils, and this
 
00 0 

was shown at 2.76 A and 2.712 A. An XRD peak at 1.90 A may
 

relfect some anatase in the
 

Table 2. Particle size distribution in four Malawi soils. 

Sand Silt Clay 

Sample 2.0-0.05 mm 0.05-0.002 mm 'O.0O2.mm 

Mulanje 42 10 48
 

Bvumbwe 48 14 38
 

Dedza 49 14 36
 

Bunda. 67 11 22
 

Bunda soil, although there was no sign of the presence of the
 
0 

3.51 A peak for anatase. Young and Stephen (1965) noted the
 

occurrence of olivine and apatite in the bedrocks of the plateau
 

soil, although these were absent in soils.
 

The examination of the XRD patterns of the clay size frac­

tions (Figures 2 to 5) indicates a wide range of' variations with
 

respect to mineralogical composition which may reflect differences
 

in the degree of weathering that these soils have undergone.
 

Kaolinite is the predominant mineral in all soils as shown by XRD
 
p
peaks at 7.2, 3.58, and 2.38 A units. Gibbsite is present in the
 

http:O.0O2.mm
http:2.0-0.05
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M6 

,,2.38A 

Mg; 

418A 4-84A 
Ng" 4.37A 
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30 	 20 10 
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Figure 2. 	X-ray diffractions of the clay fraction of
 
Ferrisol fromMulanje.
 

Mg - X-ray diffractions after removal of amorphous 

material and CBD-extractable Fe. (Figs. 2-5) 
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mg-.74.3 

4-37A 

K-350 

2.5s1i 

2.69A 
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Figure' 3., 

301 20 10 
Degrees G 

X-rayidiffractions of thecJ1ayrIraction -of 
Ferralitic latosol from Bvurnbwe.' 
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Figure 4. X-ray diffraction-3 of' the clay vracti ,r r 

Ferruginous Latoool from Dedza. 
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ondotherslo peak, Indioating the preseno of kaolinite, 

with values estimated in the order of 43, 48, 5j, and 45 per 

hunda aoils respectivelyoent for MalftnJe, hvumbwe, Dedzu, and 

(Table 3). 

T01to A. Mu: .riieal eompo~1ition or tlie ela~v cie fraction, 

(vO.oO07 mrm) of doh11 from Ma1awi. 

sample yrd J-0 Free A1:)O3 Oilbb Kaol Amorp Total 

mIqlnJe 11.0 0.11 13 43 20 88 

Svubwe 11.0 0.10 -- 48 26 85 

Dedga 9.7 0.11 6 54 19 88 

21 76Bunda 10.0 0.10 -- 4r 

lIt.' t'MiV t -0..I'-tat' l' I ro-n oxldho C ntelit (C1,31111. 4) whillh 

mIcuo*i.It4 bo ry titra 11 to smnrot-ptiou.., frtrizi , d not vary 

vth1s i , i oontrtti tosuch 4mone.~t he~ rioti ct1 r:raet 1otie?. 

the notwtile wr'erieweii in tt otlhe ehemical and, phytlctl 

propertion of thte roila (MTt, le 1-3). The tietirly uniform iron 

Oxide conteist of the elay fractiown In, howt-v,.r, in aigreemont 

with the lln ttirnt i ow eoneept o" 'iloore (11)") in wiclh clay 

mineral ,raren 4eeualatnu lt Iron uxldets, Although It ,oipends 

on a nl ir of raetor, OCCUtTrtr"1, of thini pro(w-inP Mhoultd cauoe 

the contttri of rromiro" oxido ,it oiI ciy n-rrtiI''tliti, of not too 

dissivitlJr lint-etnt mmtert nIt to triul ttwIrdn ti co-"t"ttnt or 

wsaturattIon" vnitue %t wtli cll i lty m ntra ;im-racen atp conted 

With Iroui oxi lmrs, 10foore n,'riv-, tit wI l otirf 10-1.' per cent 

Iron 0M140 vontont om the inturnttIon point. The contont of 

Iron oxide In tho proeont aituatlon, 9-11 per cent, in near 
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Figure 6. TA peaks of the clay fraction of the four 
Malawi soils.
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D'Hoore's value. The presence, however, of crystalline iron
 

oxides, goethite and hematite, in the soil clay fractions
 

would mean that not all of the iron oxides (Table 3) are
 

associated with clay mineral surfaces and that further study
 

would be necessary to explain the exact mode of occurrence
 

of iron oxides in these soils.
 

Table 4. Composition of materials as extracted by 0.5N NaOH
 

(Hashimoto and Jackson, 1960).
 

A203
Al 203


Soil SiO 2 Total Gibb Amorp Fe23 Si0 2/Al2 03
 

MulanJe 6.9 18.4 9.3 9.1 1.9 1.2
 

Bvumbwe 8.4 14.0 --- 14.0 0.8 1.0
 

Dedza 6.9 12.7 4.1 8.6 1.2 1.4
 

Bunda 7.4 10.3 --- 10.3 1.3 1.2
 

Selective dissolution analysis (SDA) results in Tables 3
 

and 4 show that amorphous materials constitute an appreciable
 

amount of the soil clay fractions. This is in agreempnt with
 

results reported on other highly weathered soils (Moniz and
 

Jackson, 1967; Weaver, 1972; 19711). This amorphous material
 

is probably a weathering product of kaolinite and may be an
 

intermediate stage in a weathering sequence as suggested by
 

Moniz and Jackson (1967):
 

Kaolinite-....-> Amorphous.> Gibbsite
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The fact that the soil clay fractions which contained gibbsite
 

(Mulanje and Dedza) also contained lesser amounts of amorphous
 

materials is in support for the above sequence. In addition,
 

Si02/A1203 ratios of the amorphous materials were considerably
 

less than 2.0 which is the Si0 2/A1203 ratio for kaolinite. This
 

means that the amorphous materials have been enriched in A1203
 

and/or depleted in SiO 2 relative to kaolinite.
 

Table 5. Active Si0 2, A1203, and Fe203 extracted from clay
 

fractions by 0.5M CaC1 2 at pH 1.5.
 

Sample SiO 2 A1203 Fe203 Si0 2/A1203
 

-ug/g clay- . 

MulanJe 3190 5440 1130 1.0 

Bvumbwe 5220 6050 1090 1.5
 

Dedza 5320 5220 1420 1.7
 

2.0
Bunda 5640 4740 1740 


The amounts of "active" amorphous materials (Table 5)
 

as extracted by 0.5M CaCl 2 of pH 1.5 (Tweneboah et al., 1965) were
 

much lower than that extracted by the more vigorous, boiling
 

0.5N NaOH procedure of Hashimoto and Jackson (1960). Presumably
 

the extraction procedure of Tweneboah may be considered to remove
 

surface-active amorphous components of the clay fraction that
 

largely determine the surface charge properties of the soils.
 

Interestingly enough the Si02/Al203 ratios of the materials
 

extracted by the Tweneboah procedure were higher than those of
 

the Hashimoto and Jackson extraction (Table 4). This is the
 

exact opposite of what was found for some Ustox of the Central
 

Plateau. Brazil (Weaver. 1974). There were. however, some
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similarities. For example, the sand content of the four soils
 

was 2
positively correlated with the active SiO content of the
 

clay fractions (r = 0.71), and also with the SiO 2 /Al2 03 ratios
 

of the clay fractions (r = 0.89). Presumably for these Malawi
 

soils, as was described for those of Brazil, the quartz which
 

dominates the sand fractions undergoes a slow, irreversible
 

dissolution to release monosilicic acid Si(OH) 4, which is
 

then adsorbed by the aluminous surfaces present in the clay
 

fractions.
 

It should be pointed out that the sum of the mineralogical
 

components in Table 3 are considerably less than 100 per cent.
 

The differences probably result from uncertainities in the
 

hydration status of the iron oxides and 0.5N NaOH extractable
 

amorphous materials, and the presence of undetermined minerals.
 

An example of the latter would be mica that was shown by XRD
 

analysis to be present in the Bunda clay fraction, and indeed
 

the amount could be as much as 10 per cent.
 

On the basis of chemical, physical, and mineralogical
 

properties, it can be concluded that the Mulanje soil is more
 

weathered than the other soils, and Bunda soil is the least
 

weathered, with Bvumbwe and Dedza soils as intermediate. The
 

use of gibbsite as an indicator of an extreme degree of de­

silication and advanced weathering stage, as suggested by
 

Moniz and Jackson (1967) does not, in the present study, appear
 

to be consistent with the classification of the Bvumbwe and
 

Dedza soils. The former has been designated as an Oxisol but
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contains no gibbsite, while the Dedza soil, classified ad
 

a Ferruginous latosol (Alfisol?), has gibbsite in the clay frac­

tion. Generally speaking, Oxisols are considered to be more
 

highly weathered than Alfisols. However, it should be kept
 

in mind that only surface horizons were studied and examina­

tion of the diagnostic subsurface horizons of these soils might
 

allow a resolution of the apparent discrepancy.
 

Phosphorus Chemistry
 

Inorganic phosphorus fractions.
 

Results of the inorganic phosphate fractions are summarized 

in Table 6. It was observed that on the average, the 0.5N 

NH4F- extractable Al-P was the predominant form of inorganic 

P, with valueS In the order of Al-P (1148 ppm), Red-P (110 ppm), 

Fe-l' (104), second NH4 F-extractable Al-P (89 ppm), adsorbed P 

(76 ppm) and Ca-P (31 ppm). 

The proportion of sodium bicarbonate-extractable P
 

(adsorbed P) in the soils under study was much greater than the
 

values reported by Weaver et al. (1975) for some highly weathered
 

soils of Puerto Rico. The soils from Malawi seem to have rela­

tively higher contents of adsorbed P, with results ranging from
 

a low of 60 ppm P for Mulanje soil to a high of 88 ppm for Bunda
 

soil, with Bvumbwe (79 ppm) and Dedza (87 ppm) being intermediate.
 

Presumably the bicarbonate extractable P may be taken to repre­

sent a reasonable approximation to the amount of labile P in these
 

soils.
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The results reported in the present study (Table 6) are not
 

soils of the
in agreement with what has been reported for some 


humid tropics. Generally, it has been shown that in highly
 

weathered, acid soils, Ca-P (apatite) readily weathers to form
 

Al-P, Fe-P, and reductant-soluble-P (Chang and Jackson, 1957;
 

Hsu and Jackson, 1960; Dahnke et al., 19614; Weaver et al.,
 

order of abundance
1975). Thus with increasing weathering the 


should be Red-P>Fe-P>Al-P)Ca-P. The Malawi soils agree with
 

the latter sequence only in that Ca-P is the fraction present
 

in lowest amounts.
 

The greater amounts of Al-P in the MulanJe (118 ppm P)
 

and Bvumbwe (220 ppm P) soils in relation to that of Fe-P may
 

reflect recently fertilized soils, thus supporting the theory
 

that there is a strong and rapid formation of Al-P which, up­

on aging, will be transformed into Fe-P and reductant-soluble
 

P. Shelton and Coleman (1968) observed that in the highly
 

weathered red soils, the initial increase in Al-P was greater
 

than Fe-P at all rates of fertilizer P application, and this
 

may be attributed to greater reactivity of aluminum oxides
 

relative to those of iron in regard to formation of P reaction
 

products. With increasing elapsed time after application,
 

there was a relative decrease of Al-P and increase in Fe-P.
 

As for the other two soils, Dedza and Bunda, there was no
 

significant difference between the Al-P and Fe-P fractions.
 



Table 6. Inorganic phosphate fractions of four Malawi soils.
 

Soil Adsorb-P Al-P Fe-P Ca-P Red-P Al-P* Sum (PI
 

ppm
 

Mulanje 60 118 42 16 78 63 377
 

Bvumbwe 79 220 118 41 148 113 719
 

Dedza 87 153 154 30 124 112 660
 

Bunda 88 103 104 36 91 70 492
 

Mean 79 149 105 31 110 90 562
 

Al-P - corrected;
 

Fe-P - uncorrected;
 

Al-P*- NH4F-extractable Al-P after citrate-bicarbonate-dithionite extraction
 

of reductant-soluble-P.
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In addition to the effect of recent P fertilizer additions,
 

part be a 
the relative high proportion of Al-P to Fe-P may 

in 


result of some of the modifications incorporated into the
 

For example, the 0.5! NH4F extraction
fractionation procedure. 


suggested by Chang
for Al-P had been changed from one hour as 


suggested by Fife (1962) and
 and Jackson (1957) to 24 hours as 


inorganic P that would
 this may have resulted in the removal of 


Furthermore, application
otherwise have been estimated as Fe-P. 


of the correction for adsorption of P by active iron 
oxides
 

during the NH4F extraction for Al-P fraction causes 
this fraction
 

to increase at the expense of the Fe-P fraction. 
For Mulanje
 

and Bvumbwe soils, there was quite a high proportion 
of Al-P
 

which was re-adsorbed as Fe-P (35 ppm and 112 ppm respectively)
 

whereas very little was re-adsorbed in Dedza soil (17 ppm P)
 

and Bunda soil (14 ppm P).
 

Because the bicarbonate-extractable P fraction is 
probably
 

the most important fraction in regard to plant uptake, 
simple
 

regression analyses were carried out to relate the amount 
of
 

this fraction with some of the soil properties. It was found
 

that NaHCO 3-extractable P was negatively correlated 
with per
 

This is somewhat unexpected as ordinar­cent clay (r = -0.828). 


ily it is the clay fraction or minerals associated-with 
the
 

clay fraction, that are chiefly responsible for adsorption 
of
 

P by soils. Thus it would generally be expected that the a­

mount of adsorbed P would increase with increasing clay content,
 

rather than the opposite as found in this case.
 



It was also found that the:amount of bicarbonate extract­

able P was correlated with the amount of SiC 2 extracted by, 

0.5M CaC1 2 of pH 1.5 (r = 0.978) and to the SiO 2/Al203 ratio 

of the acidified CaC1 2 extracts 'r = 0.9148). Apparently, the 

degree of the silication of the amorphous surfaces of the clay,.
 

fractions has an ipportant influence on the amount of adsorbed
 

P, and the greater the proportion of active SiO2 the greater
 

the amount of adsorbed or bicarbonate-extractable P. This would
 

also explain why the adsorbed P content is inversely propor­

tional to the clay content as noted above. That is, it has
 

been shown previously that the amount of.active Si0 2 and the
 

active SiO2/A1 03 ratios are directly proportional to the a­

mount of sand or inversely correlated with the clay content.
 

Thus, if an increased degree of silication of the amorphous
 

surfaces in the, clay fraction .causes an increase in the ad­

sorbed P content, it would indeed be expected that adsorbed P
 

should increase as.,the clay content decreases, in view of the
 

forementioned relationship between soil texture and degree of
 

silication.
 

Some recent work by Hingston et al. (1974) on the desorp­

tion of P from goethite (FeOOH) andglbbsite (Al203'3H20) may
 

afford.an explanation.of the mechanism by which the degree of
 

silication influences the bicarbonate-extractable P content.
 

According to these workers, P may be adsorbed on to Feor Al
 

oxide surfaces as a monodentate or bidentate .Fe or Al-phosphate
 

http:explanation.of
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complex as giyen'below:,.
 

.Al Al2,.0 

•. i" .IK o.,Ol.,
, AI-

Al 0 .............
.. 


Monodentate, reversibly adsorbed, Bidentate, irreversibly
 
adsorbed, non-bicarbonat.
*bicarbonate-extractable 

extractable.
 

Because.ofthe increase in entropy that probably results from 

ring:formation, the bidentate- complex is probably more stable 

than the monodentate complex, and while it has not been veri­

fied experimentally, it is within reason to expect that the 

monodentate complex should be much more likelv to be extracted 

by NaHCO than the more stable, bidentate complex. Silica or
 

monosilicic acid can be adsorbed by Fe and Al oxides in a
 

manner similar to that of P. This being the case, then it would
 

seem plausible that an increased amount of adsorbed silica
 

would have the effect of limiting the potential adsorption sites
 

in which P could form the bidentate complex. Up to a point'
 

then, with increasing degree of silication, the form of adsorbed
 

P might be increasingly the more labile, monodentate complex.
 

Total. phosphorus 

The results of the'HClO4"extractable total' phosphorus (P
 
• -sh -,(1' 58)':A''-i.' w 'Ta - "ti 

using Jackson's .procedure . 95 8 )are-shown in Table 7. It is 

noted,that the .Dedza soil: which :has, the largest: pool of total P 

the total' extracted by(.1625 ppm P), has onlyr 5'per cent. of -.


NaHCO3, whereas'the Bunda soil which has only,.:.35;-ppm.total P
 

http:only,.:.35


-45­

had 10 per cent of the total extractable by NaHCO The values
 

for the ratio of the sum of the inorganic fractions and total
 

P (PI/PT) suggest that nearly half of the total P in the soils
 

is present as organic P. Interestingly enough the Dedza and
 

Bvumbwe soils which gave apatite XRD peaks in the sand and silt
 
o 

fractions at 2.76 and 2.712 A, are the soils with the highest
 

total content of P, but most of this is not extractable during
 

fractionation.
 

Table 7. Sum of inorganic-P (PI) and adsorbed-P as Der cent
 

of total. ___ 

Soil Total-P (PT) PI Ads rb-P PI/PTr AdsorL/PT 

-ppm % % 

Mulanje 744 376 60 50 8 

Bvumbwe 1250 719 79 57 6 

Dedza 1630 661 87 41 5 

Bunda 835 491 88 59 10 

Adsorption of phosphorus
 

Phosphorus adsorption isotherms were used in this study for
 

re­the characterization of the soils with regard to phosphorus 


re­quirements. Figure 7, Table 8 and Appendix 2 summarize the 


sults. The data were interpreted in terms of the Fr,.undllch
 
c 1 c 

equation (X = kcn) and the Langmuir equation (S - 1 + S). The 

correlation coefficients that resulted when the adsorption data 

were fitted to the Freundlich equation were r - 0.976, r - 0.996, 

r * 0.991, and r * 0.986 for Mulanje, Bvumbwe, Dedza and Burda 



soils, respectively. For the aIonnolr twtiion or plot@ of 

against at values of r - 0.998, r 0.990, r * 0.996 aM4 

r a 0.993 were obt4aife4 for the soll# In the oa osaer.r T% 

higher correlations with the LAnpwitr eqli i on shows M0t lith­

in the range or concentrattono ued In tho proooet 041, the 

Ln uir equtlon best desorelp the P odiorPtloo, Thi# ploko 

of Ox versup v to calculate the oloee C1^) fro* whiieh 4orp­

tion maimum (b) can b# calculated, 4Md 4 gonokant W~ rejoins 

to the bonding energ can be nlcuu#4e free the Intercept 040ehe 

and Wlllaos, 19711 Olsen and Wa4oahe, 1957).
 

From the results In Pler& 7 it i oulte 0ler that he 

four coils dirrer not only In the ammunt of F n4oore4 Out also 

In the Plopes or the 4dsorptrion Iotherx. I%e 4orptl~o mailma 

(Table 0) 4o calculated accor4ing to the L4Unitr @otation, h4id 

valueo that ranied from 4# high no o9a ppm I ror the oost 

highly woathered Nulanje Poll to 4# low as 187 pFn for the mare 

coarse textured, moertetlv w@ether4 Dunla @oil, with 778 pp 

r ror Bvupbwe and 460 ppm P for Dedt# @oil, 1nterprtetIat or 

the adsorption maxima valu@e 0an be of' great Us Rao0OMtiClly. 

Woodruff and Kamprath (1965) relnte4 the degree of saturation or 

the phosphorus adsorption maxim to the avatlabiitv or P to 

mtlleot. They worked with P rates ranging rrom 0 to l-l/W tim s 

the adsorption maxims. From their greenhouse results they oh­

served that soils with a large P adsorption maxima did not re­

quire as muoh saturation or the adsorption maximum as those with 

low adsorption maximun, for optimum growth. Uiming also de­
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,Able a. Some adsorption data for the four Malawi soils. 

sorbed P at 0.2 

Soil Adsorption maxima ppm solution P K 

ppm ml/ug 

Mulanje 898 375 2.68 

Bvumbwe 778 205 1.50 

Dedza 460 115 1.05 

Bunda 187 27 0.74 



-49­

oreased the requirement for T'saturation. 

Fox et al. (1968) suggested that the values of adsorbed P 

at 0.2 ppm P in the oupernatant solution can be aised to evalu­

ate the P r'equIremtents ofr lawaiian oils for maximum plant 

grvowth,. It' t0 ret'qI pe1cment: 1 t1e f'our Malawl soils arefor' 

cat latot ol the :-ame hats)i, tho Values ae' In the oi'der of 

375, )o, 115, and 27 ppm 1)rov Mulan.le, IMvumbwe , Dedza and 

Bunda ooil i, respectively. As predicted from adsorption 

isotherms In Pi~Iure 7, the nandler and least weathered Bunda 

soil does not reauire much P whereas Mulanje soil, which is 

highly weathered requres a much higher P 

Table 9. Relationship between P adsorption maxima and soil 

prope 1,rt, I,es. 

Soil prope rty Corr. coeff. Regression equation 

Clay (%) 0.96 Y - -438 + 28.2X 

C B D Fe 20 (%) 0.98 Y = -324 + 2111X 

NaOH1-A1 203 (%) 0.91 Y - -31.4 + 114X 

Active Fe203 (ug/g) 0.58 Y w -579 + 2.5X 

Active Al203 (ug/g) 0.98 Y - -330 + o.46X 

Active SiO 2/AI203 -0.95 Y - 1,681 - 710X 

Base saturation (%) -0.78 Y a 935 - 13.5X 

pH (120) -0.85 Y a 3,386 - 510X 

PH (CaCl 2 ) -0.83 Y - 2,885 - 4167X 

application. On the average, the values in the present study are
 

much lower than those reported for the highly weathered soils
 

of Hawaii (Fox et al., 1971), Puerto Rico (Weaver et al., 1975),
 

or Brazil (Weaver, 1974). The requirements for some Hawaiian
 

http:Mulan.le
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soil were as high as 1200 ppm P.
 

The results of simple regression analyses that relate the
 

phosphorus adsorption maxima to soil properties are listed in
 

Table 9. The values of CBD Fe20 3 ; active Fe20 3 and A1203 ;
 

and NaOH-A1203, which had been determined on the clay fractions
 

were re-calculated on a whole soils basis prior to determin­

ation of the regression relationships. Overall, the results 

show that clay content and oxides of aluminum and iron are 

highly correlated with the adsorption maxima which is generally
 

found for acid soils (Hsu, 1964). The contribution of the clay
 

probably results from the fact that the iron and aluminum
 

oxides, active in P retention, predominantly occur in the
 

clay sized fraction.
 

It is of interest to note that the active Fe203 content
 

or that extracted by 0.5M CaC1 2 of pH 1.5, was not too well
 

correlated with the adsorption maxima. This has also been ob­

served for some Oxisols from the Central Plateau of Brazil
 

(Weaver, 1974). In latter study, it was found, however, that
 

the active Fe203 contents were highly correlated with the
 

organic C contents of the soils. It was suggested that the
 

iron extracted by 0.5M CaCl 2 of pH 1.5 was that in combinati'n
 

with organic matter and therefore would not be active in P
 

retention. Apparently a similar situation exists for these
 

Malawian soils.
 

It should also he pointed out that the active SiO 2/A1203 

ratios were inversely related (r - -0.95) to the adsorption 

maxima. This relationship in combination with the one shown 
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previously - that the active SiO2/A1203 ratios were correlated
 

with the sand content, is identical to earlier observations re­

ported for some Brazilian Oxisols (Weaver, 1974). The basis of
 

this relationship as described by Weaver, is that the slow
 

dissolution of quartz in the sand fractions, over long periods
 

of time, produces monosilicic acid which is adsorbed by alumi­

nous surfaces in the clay fraction. The nature of quartz dis­

solution cause., the acttve SIO2l/A1 2 03 ratios of clay fractions 

to be proportional to the sand (quartz) content. 

Determination of organic phosphorus
 

Table 10 shows the average values for all the soils from 

Table 11 to 114 for the extractable total-, inorganic-, and 

organic-P 1/. In general, the ignition methods - 2401C or 

5500 C, both mild (0.2N H2S04 ) and vigorous (2N 112SO)) extrac­

tions gave higher values for the organic P content of the four 

acid soils than the cxtraction methods. The best extraction 

method (Anderson-modified) gave only about 50 per cent and 33 

per cent of the mild and vigorous extractions respectively. 

This is somewhat different from the results of Bornemlsza and
 

Igue (1967) who found that the Mehta extraction method gave 

larger estimates of organic P than ignition methods or Omotoso 

l/ Total P (Pt) in this section refers to the sun of inorganic 

(Pi) and organic (P ) P extracted by a given procedure for or­

ganic- P. It will not necessarily be identical to the total P 

(Py) value as given by HiC104 digestion nor will values for in­

organic extractable P be idontical to the sum of the inorganic 

fractions as determined in the previous section (PI). 
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(1971) who could not find any difference between extraction
 

and ignition methods when applied to Nigerian soils.
 

On individual soil basis (Tables ll-14), there was a 

great variation in the amount of organic P determined depend­

ing upon the m',thod used for estimation. Except for Dedza 

soil (Table 13), the extraction method gave higher values for 

total P (Pt) than either of the Ignition methods, and the 

ignition method with mild extraction gave the least values. 

The higher values of total P for extraction gave the least 

values. The higher values of total P for extraction methods as 

compared to ignition methods have been noted by Bornemlsza 

and Igue (1967). It is believed that pretreatment with concen­

trated HCI play,; an Important role In facilitating the extrac­

ti on of' organlc 1 by r,mov tn Ca, Mg, and other polyvalent ca­

tions that. may cauie pr'.ci1p tation of dIt,%-olved organic phos­

phates, and 'al-o dis integrates clay complexes, thus releasing 

adsorbed organic P) (Laxena, 1964). 

The extraction methods also gave about twice as much
 

inorganic P as did the Ignition methods. This strongly suggests
 

that the lower estimate., or organic P as obtained by extraction 

methods is a result of' hydrolysis of organic P (uring extraction 

rather than Incomplete extraction. This in In agreement with 

Enwezor and Moore (1966a) who worked with 11 Nigerian soils and 

found thnft the extraction values for organic P were only half
 

those of ignition.
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Explanation of the type of methods used in Tables 812.
 

Anderson - 0.3N NaO1I; conc. lCI then cold and hot 0.5N NaOH;
 

Mehta* - conc. HCl and cold and hot 0.5N NaO}l; 0.3N NaOH;
 

Anderson*- 0.5N NaHCO 3 ; then as Anderson above;
 

Ignition I - Ignited soil at 550 0C minus unignited soil
 

(2N H2so4) 

Ignition II - As above, but using 0.2N H2SO4. 

Ignition III- As ignition I, but at 240°C;
 

PT-PI - PT is total-P in HC104 digestion; PI is sum of inorganic 

P fractions.
 

Total P - Sum of inorganic and organic P
 

Table 10. Average of extractable total-P, inorganic-P, and
 

organic-P for Tbur Malawi soils
 

Method Total-P Inorganic-P Organic-P % Organic-P
 

ppm
 

Anderson 903 764 139 15.4
 

Mehta* 931 783 148 15.9
 

Anderson* 816 660 156 19.1
 

Ignition I 859 396 463 53.9
 

Ignition II 591 232 359 60.7
 

Ignition III 610 396 214 35.1
 

pT - P1 1113 562 551 49.5
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Table 1. A comparison of different methods for estimating
 

total-P, inorganic-P, and organic-P in Mulanje
 

soil.
 

Method Total-P Inorganic-P Organic-P % Organic-P
 

ppm
 

Anderson 680 531 149 21.9
 

Mehta* 705 574 131 18.6
 

Anderson* 598 461 137 22.9
 

Ignition I 526 262 264 50.2
 

Ignition II 298 137 161 54.0
 

Ignition III 375 262 113 30.1
 

PT - P 744 376 368 49.5
 

Table 12. A comparison of different methods for estimating
 

total-P, inorganic-P, and organic-P in Bvumbwe soil.
 

Method Total-P Inorganic-P Organic-P % Organic-P
 

ppm
 

Anderson 1112 926 186 16.7
 

Mehta* 1172 960 212 18.1
 

Anderson* 1038 813 225 21.7
 

Ignition I 992 528 464 46.8
 

Ignition II 684 311 373 54.5
 

Ignition III 878 528 350 39.9
 

PT - P1 1250 719 531 42.5
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Table 13. A comparison of different methods for estimating
 

total-P Inorganic-P , and organic-P in Dedza soil.
 

Method Total-P Inorganic-P Organic-P % Organic-P
 

ppm,
 

Anderson 1120 1012 108 9.6
 

Mehta 1122 1000 122 10.9
 

Anderson* 1001 867 134 13.3
 

Ignition I 1281 424 857 66.9
 

Ignition II 929 242 687 74.0
 

Ignition III .622 424 198 31.8
 

PT - PI 1625 660 965 59.4
 

Table 14. A comparison of different methods for estimating
 

total-P, inorganic-P, and organic-P in Bunda soil.
 

Method Total-P Inorganic-P Organic-P % Organic-P
 

ppm.
 
16.1
586 113
Anderson .700 


Mehta* 725 597 128 17.6
 

Anderson* 627 500 127 20.2
 

Ignition".I 638 372 266 41.7
 

Ignition II 452 238 214 47.3
 

Ignition III 564 372 192 34,0
 

PT - PI 835 491 344 41.2
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Except for the MulanJe soil (Table 11), tie Anderson
 

method gave the least estimates of organic P, followed by the
 

Mehta-modified method. Pre-extraction of the samples with
 

0.31 NaOH is believed to remove some of the organic P that may
 

be hydrolyzed by concentrated HCI (Anderson, 1960). In the
 

present study, the Mehta-modified (concentrated HCI, cold and
 

hot NaOH and 17-hour extraction with 0.3N NaOH) and the Ander­

son method (17 hour extraction with O.3N NaOH, concentrated
 

HCl, then cold and hot NaOH) were compared. It was observed
 

that there were no significant differences between the two pro;­

cedures. As a matter of fact, the pre-extraction with 0.3N
 

NaOH as suggested in the Anderson method suppresses the extrac­

tion of both the inorganic and organic P. A modification of
 

the two methods was made by first pre-extracting the soil with
 

0.5N NaHCO 3 + 0.5N NaCl. This procedure slightly suppresses
 

the extraction of both the total and inorganic P by about 100
 

ppm, but it gives a much higher estimate of organic P than
 

It may indicate
either the Mehta or the Anderson methods. 


that there is a decreased degree of hydrolysis of organic P.
 

MacLean (1965) working with some highly acid (pH 4.6) podzols
 

in Quebec, Canada found that not only does the effectiveness
 

of sodium bicarbonate increase with increasing temperature at
 

which organic P is extracted, but also as the pH of the ex­

tractant is increased. Furthermore, pre-extraction of the
 

samples with HC1 increased organic P extracted by NaHCO ,
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.
the total'.
and,the results were in the order of 98 per cent of 


organic P estimated by Mehta et al method. Thus,,the present
 

modification of the Mehta-Anderson procedure is superior to­

the original methods, although small number of samples makes it
 

difficult to make,.concrete recommendations.
 

Although all of the ignition procedures gave higher esti­

mates of organic P than did the extraction methods, there was
 

among the ignition *procedures. With
considerable difference 


ignition at 550 0C, the .2N H2So4 extractant gave much larger
 

. This is pro­estimates of organic P than that of 0.2N H2SO4
 

bably due to the fact that a proportion of organic P mineralized
 

by ignition has formed reaction products with iron and aluminum
 

extract­oxides which are not attacked by the weaker 0.2N H2Sol 


ant. Similar results have been reported for other highly
 

weathered soils (Bornemisza and Igue, 1967; Weaver et al., 1975).
 

Ignition temperature (5500C versus .2400C) also influenced
 

the organic P estimates with the higher temperature giving the
 

largest estimates presumably as a result of more complete oxida-


The tendency for the 5500C ignition temper­
tion of organic P. 


ature to give higher values of organic P is greater in the Dedza
 

soil (Table 13) for which the 5500C treatment gave 857 ppm
 

organic P while the 2400C gave only 238 ppm.
 

In addition to incomplete extraction and/or incomplete
 

oxidation which lead to low estimates of organic P, ignition
 

an
procedures can give erroneously high estimates if there is 


inreased extractability of the inorganic P induced by ignition. 

Black and Goring (1953) reported that ignition may increase-the 

,41, .1- i 1iihilitv of certain naturally occurring iron and 



aluminum phosphates, Williams et al.' (1970) found that for 

nodules from strongly weathered soils - dominantly composed 

'of gibbsite and kaolinite - extractable inorganic P increased 

sharply between 550 0C and 6500 C. Norrish (1968) found that
 

the Plumbogummite group of phosphate minerals when heated above
 

400OC, lose their structural water and become amorphous in
 

which form they can be extracted by O.2N or 2N H2S04. This
 

would cause the ignition values of organic P to be greater than
 

the Anderson-Mehta extraction values. Dahnke et al. (1964)
 

disputed the idea that ignition increases the extractability
 

of inorganic P-in that they found that the amounts of organic
 

P in the subsurface horizons, as determined by ignition, were
 

Very low and apparently the ignition treatment had little
 

effect on the inorganic'P. Hance and Anderson (1962) arrived
 

at a similar conclusion in a comparative study of ignition
 

versus extraction methods.
 

A somewhat independent approximate estimation of organic
 

P is given by the following:
 

where . T = total P as determined'by the HC104 method of 

Jackson (1958);
 

P1 = sum of inorganic P 'fractions. from the fraction­

ation results "as determined by the method'of Chang 

and Jackson (1957) as:'modified. 
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Looking at each soil individually (Tables 11-14), the PT - PI 

gave the highest estimates of organic P, and the values are
 

values than those of extraction.
closer to those of ignition 


This procedure gives a very approximate estimate of organic 
P
 

since not all the inorganic P fractions may have been 
completely
 

An example of such an inorganic fraction would be

removed. 


(1967).
the quartz-included apatite of Syers et al. 


it seems that
A summary statement is not easy to make but 


followed by 2N H2804 extraction
the method of ignition at 550
0C 


is the most suitable one for estimation of organic P in these
 

Malawi soils. This method apparently gives the maximum extrac­

tion of organic P with a minimum hydrolysis. Furthermore, the
 

simplicity of the ignition method, compared to the extraction
 

techniques should enable more reproducible results to 
be obtained.
 

Incubation Studies
 

Continuous incubation
 

Inorganic and organic phosphorus.
 

of the continuously
The inorganic and organic P contents 


moist incubated samples, as given by ignition at 550 
0C and 2N
 

and 9 and in Table
H2SO4 extraction, are shown in Figures 
8 


As suggested by Wier and Black (1968), mineralization 
of
 

15. 


as the average of the increase in in­
organic P was taken 


organic P and decrease in organic P as compared to 
unincubated
 

an increase in inorganic P was assigned a posi­samples. Thus 


For

tive sign while a decrease was given a hegative sign. 


organic P, an increase was given a negative sign 
and a decrease,
 

In this manner if the algebraic average of the
 a positive sign.. 
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Figure 8. Mean of the inorganic and organic
phosphorus as estimated by subtracting

the values at a particular time of
 
incubation from the zero time of
 
incubation. (Mulanje soil).
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Figure 9.	Mean of the inorganic and organic phosphorus
 
as estimated by subtracting the values at a
 
particular time of incubation from the zero
 
time of incubation (Dedza soil).
 



Table 15. Mineralization of organic phosphorus during incubation. 1/
 

Soil: Mulanj e Dedza
 

Treatment Week AI.P. A 0.P. Ave. Al.I. A.P. Ave 

ppm
 

3 -10.4 -26.8 -18.6 -2.0 -85.5 -43.8
 

6 21.2 17.2 19.2 47.4 -39.5 4.0
 

L0% org. res. 22 0 C 9 16.2 14.2 15.2 54.4 -47.3 3.6
 

12 33.9 0.5 17.2 53.8 -70.0 -8.1
 

3 -27.9 -32.7 -30.3 -41.4 -49.0 -45.2 

6 -11.1 -7.5 -1.8 -2.7 -0.9 -1.8 C^ 

2% org. res. 220C 9 - 6.8 9.5 1.4 -37.9 -65.1 -51.5 

12 10.9 5.6 8.5 6.9 -54.4 -23.8
 

3 9.5 -- 2.1 3.7 0.9 -33.6 -16.4 

-0% org. res. 350C 14.9 15.7 15.3 34.9 -55.1 -10.1
 

9 20.4 24.4 22.4 35.3 -49.3 - 7.0 

12 47.5 30.2 38.8 61.0 -37.1 12.0 

3 -27.9 -15.5 -21.7 -25.1 -25.2 -25.3
 

6 8.5 62.2 35.•4- -18.7 -13.1 -15.9 

9 15.1 36.0 25.6 - 5.9 -16.6 -11.2 

12 15.7 35.5 25.6 3.2 -46.0 -21.4
 

1/
 

AI.P. - change in inorganic-P as compared with zero time of incubation; 

hO.P. - change in organic-P as compared with zero time of incubation.
 

1 
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changes in inorganic and organic P has a positive sign, it
 

indicates a net mineralization of organic P to inorganic,
 

whereas a negative sign means that there was a net immobiliza"
 

tion of inorganic P to organic P.
 

From Figures 8 and 9 and Table 15, it is shown that there
 

was an initial immobilization of inorganic P during first three
 

weeks for both soils, after which there was a net mineraliza­

tion of organic P to inorganic P. The latter appeared to be
 

the most pronounced for the Mulanje soil. Similar results
 

have been reported by other workers (Acquaye, 1963; Birch, 1961;
 

Enwezor, 1966; 1967), and the initial period of apparent immo­

bilization was attributed to microbial assimilation of inorganic
 

has also been observed that the tendency for iinmobili-
P. It 


zation increases along with the level of available P (Enwezor,
 

1967).
 

The effect of added ground corn stover for both soils was
 

to 	 increase the extent of immobilization in the early stages
 

the later stages of
of incubation which was carried over into 


incubation period. According to Birch (1961), who studied 

phosphorus transformations during plant decomposition, the inor­

ganic plant P may be utilized by microbial populations and the 

recovery of this microbial organic P which was synthesized from
 

both plant and soil inorganic P during the early stages of de­

composition will depend T.imarily on the rate of decomposition
 

and thus the exhaustion of substrate, after which the microor­

ganisms will undergo autolysis, and release inorganic P. For
 

mature plant tissues, such as that used in this study, .the de­
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compositon can be relatively slow and the exhaustion of the
 

substrate does not occur as readily as for younger tissues.
 

Hence, the observed, longer-lasting immobilization influence
 

of added organic matter in the present study should be expected.
 

The magnitude of the phosphorus transformations during
 

incubation varied depending on the incubation temperature.
 

In general, there was decreased immobilization of inorganic
 

P into the organic form at the higher temperature during the
 

initial stage of the incubation period and an increased
 

mineralization of organic P in the later stage. This is in
 

agreement with Acquaye (1963) who found that for some soils
 

of Ghana, more organic P was mineralized at 500C than at 270 C
 

or 400C. Similar temperature effects were also reported by
 

Cunningham (1963).
 

Although the two soils exhibited the same general trend
 

during the incubation procedure, it is obvious from Figures 8
 

and 9 and Table 15 that there were marked differences in the
 

extent to which the trends were expressed in the two soils.
 

The Mulanje soil, after an initial immobilization of inorganic
 

P, gave a net mineralization of organic P during subsequent
 

periods. For the Dedza soil, there was also an initial im­

mobilization of inorganic P. Subsequent mineralization of or­

ganic P did occur, but only for the sample incubated at 35PC
 

and without organic matter, was there a net mineralization of
 

...organio phosphorus.
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There was generally a decreased p' with increased time of 

incubation, and thus increased mineralization (Table 16). 

Halstead et al. (1963) pointed out that liming resulted in 

a decline of the organic P content of incubated samples. In 

the present study, the effect of liming these acid soils had 

a greater influence on the Mulanje soil where the magnitude of 

increase was much higher than in the Dedza soil. The decline
 

in pH after incubation was also much greater in the Mulanje
 

soil than the Dedza soil, which may indicate a much faster
 

chemical and microbiological reaction.
 

Sodium bicarbonate extractable phosphorus.
 

The sodium bicarbonate extractable inorganic and organic P
 

(Table 17) showed very little overall change as a result of in­

cubation. The only pronounced effect was the non-recovery of
 

the appreciable amount of inorganic P that was associated with
 

the organic matter. Apparently this fraction reacted with soil
 

inorganic constituents in such a manner as to become non-extract­

able to bicarbonate. It is also a possibility that the inorganic
 

P was immobilized into a form of organic P that is non-extractable
 

by sodium bicarbonate. The former seems more plausible than
 

the latter.
 

The results of the sodium bicarbonate extractions contrast
 

sharply those obtained with ignition and 2N H2SO4 extraction
 

in which marked changes in inorganic and organic P were observ­

ed as a result of incubation. It would appear that the
 

dilute alkali-extractable P - organic or inorganic - does not
 

actively participate in immobilization or mineralization re­



Table 16. pH determined in 0.01M CaC12 for the incubated and unincubated
 

soils.
 

Treatment: 1/ 1 II III IV V VI VII "VIII
 

Mulanje
 
4.25 4.45 5.99 6.20 5.14 5.46 5.02 5.23
 

Dedza
 

4.64 5.02 5.02 5.33 4.83 5.44 4.70 5.23! 
0% 

I__/
 

I. Zero time, 0% organic residue, no lime;
 

II. Zero time, 2% organic residue, no lime;
 

III. Zero time, 0% organic residue, lime added;
 
IV. Zero time, 2% organic residue, lime added;
 

V. 15th week, CJ orgnnic residue, room temperature;
 

VI. 15th week, 2% organic residue, room temperature;
 

VII. 15th week, 0% organic residue. 350 C.
 

VIII. 15th week, 2% organic residue. 350 C.
 



Table 17. NaHCO 3-extractable total-, inorganic-, and organic-P for
 

incubated and unincubated samples.
 

Soils: Mulanje Dedza
 

Treatment l/ Inorg. Org. Total Inorg. Org. Total 

ppm 

I 24.6 15.1 39.7 43.9 9.2 53.1 

II 46.6 14.9 61.5 69.7 9.2 78.9 

III 23.1 13.6 36.7 46.2 10.9 57.1 

IV 24.2 16.7 40.9 45.8 14.5 60.3 

V 21.0 12.7 33.7 45.4 9.4 54.8 

VI 23.6 13.2 36.8 42.4 10.6 53.0 

_/
 

I. Zero time, 0% organic residue;
 

II. Zero time, 2% organic residue;
 

III. 15th week, 0% organic residue, room temperature
 

IV. 15th week, 2% organic residue, room temperature;
 

V. 15th week, 0% organic residue; 350C;
 

VI. 15th week, 2% organic residue, 350C.
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actions.
 

Mineralizable Nitrogen.
 

The amounts of inorganic nitrogen (Table 18) present in
 

the soils prior to incubation were low compared to those found
 

in some highly weathered soils of Puerto Rico (Lathwell
 

et al., 1972). Nitrogen immobilization occurs in the Dedza
 

soil where organic residue was added at both temperatures.
 

On the other hand, there was a marked nitrogen mineralization
 

in both soils at both temperatures where no organic material
 

was added, with greatest values in the samples that were in­

cubated at 350C. This is similar to organic P mineralization
 

as estimated by changes in inorganic and organic P (Table 15).
 

The results clearly indicate that mineralization of organic
 

P accompanies the mineralization of nitrogen. This is identi­

cal to the results of Thompson et al. (1954).who found that
 

organic P mineralized at 400C was correlated positively with
 

nitrogen and carbon mineralized concurrently. This supports
 

the earlier theory by Thompson and Black (1949) that mineral­

ization of organic P accompanies the mineralization of carbon.
 

Cunningham (1963) working with forest soils in Ghana also found
 

that the rate of organic P mineralization was at the same rate
 

as that of nitrogen.
 

Adsorption of phosphorus.
 

One of the complications in the evaluation of the current
 

contribution of soil organic P mineralization is that the in­

organic P released by mineralization may .e precipitated by
 



Table 18. Inorganic nitrogen in incubated and unincubated samples.
 

Soil: 
Treatment 1/ 

Mulanje 
NH -N N 

4 30-N Total-N 
+ 

NH4 -N 

Dedza 
3-

NO3-N 
Total-N 

I 0.51 0.33 

ppm 

0.84 0.63 0.32 0.95 

II 0.35 0.54 0.89 0.42 0.39 0.81 

1II 0.10 3.31 3.41 0.17 2.98 3.15 

IV 0.23 0.79 1.02 0.11 0.08 0.19 

V 

VI 

0.08 

0.23 

2.34 

5.11 

2.42 

5.34 

0.08 
0.14 

5.90 
0.41 

5.98 
0.55 

1/ 

I. Zero time, 0% organic residue; 

II. Zero time, 2% organic residue; 

III. 15th week, 0% organic residue, room temperature;
 

IV. 15th week, 2% organic residue, room temperature;
 

V. 15th week, 0% organic residue, 350C;
 

VI. 15 week, 2% organic residue, 350C.
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0- Mulanje; 0 % organic residue 

.*,----*Mulanje; 2 % organic residue 
--- Dedza ; 0 % organic residue 

- 4 -Dedza ; 2 % organic residue 
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0 
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Figure lb. Phosphorus recovered (ug/ml) after 1000
 
ppm phosphorus were equilibrated for 48
 
hours with one gram samples from soils
 
incubated at room temperature.
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o-01 oMulane; 0 % Organic residue 

*-*Mulanje; 2 % organic residue 

o-a Dedza • 0 % organic residue
 

-- oDedza ; 2 % organic residue
 

~15
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0­
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Figure 11 , Phosphorus recovered (ug/ml) after 1000 
ppm phosphorus were equilibrated for 48
 
hours with one gram samples from soils 
incubated at 35uC. 
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amorphouslaluminum hydroxides and iron oxides (Birch, 1961;
 

Friend and Birch, 1960),S. thus reducing the availaility.'to
 

plants. In view of this fact, the adsorption of P from a
 

constant amount of added phosphate (a single-point method)
 

was determined at various.times during the incubation period.
 

It was assumed that the',equilibrium,'q1ution concentration
 

may reflect the adsorption of inorgayic P that '1-as, been pro-, 

duced by mineralization'6,f organic P. The results (Figures 10 

and 11) showed that P adsorption of t~e Mulanje soir was de­

creased by the addition :of organic.ratter whtle inc1leased 

incubation temperaturie de'ereaspid P adsotption for (h6thoils. 

The decrease in phonphoaus adsorpion In the presence of' 

a result pf several factori. First,organic matter could 'he 


the adsorption of inorganic' P prqeiit in the.orsai ,c matte 

and that from mineralization of rganic. P wou3.d: Iecrease the
 

number of P adsorption sites. .$epondy,1c rbaiV1ic and phnolic
 

functional groups ofthe drganic.matter degradation products
 

could have reacted,with P adsorption sites. Othieno (1973)
 

attributed the latter as the reason why organic ,M4ches
im­

proved utilization of applied'? !fr'some acid soils of East
 

Africa. Thirdly, thdaddittanwof organic matter generally
 

caused an increase In pH (Tab'e 16) which should mean a re­

duction in the number of protonated surface-hydroxvl groups
 

which are active phosphorus adsorption sites (Muljadi et al.,
 

1966). The neutralizing effect of organic matter was also
 

matter was
noted by Santiago (1972) who found that organic 


active in the inhibition of aluminum toxicity of an Ultisol
 

from Puerto Rico. He attributed this to the release of Ca
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by organic residue to neutralize the exchangeable Al in the
 

soil-.
 

Failure of the Dedza soil to show the changes resulting
 

from incubation with and without organic matter (Figures 10
 

and 11) may be due to the lesser adsorption capacity of this
 

soil, or to the fact that there is not much mineraliztion of
 

organic P in comparison to Mulanje soil.
 

Whatever the explanation is with regard to the effects of
 

added organic materials, the effect was greatly accentuated
 

when the incubation temperature was increased from room temp­

erature (220C) to 350 C (Figures 10 and 11). The P adsorption
 

measurements in Figures 10 and 11 were all carried out at room
 

temperature. This means that the decreased adsoprtion associ­

ated with increased temperature resulted from changes induced
 

during incubation. These changes could very well be some of
 

those mentioned above for the effect of organic matter, and
 

the increased incubation temperature could have caused them to
 

proceed to a greater extent.
 

Wet and dry incuhation
 

Inorganic and organic phosphorus.
 

To further study phosphorus transformation, a second incu­

bation experiment was conducted by alternate wet and dry incu­

bation at one week cycles at 350C. Figures 12 and 13 illustrates
 

the nature of the activities, and it is evident from the results
 

that there is a great variability in the hehavior of P, hoth in
 

the inorganic and organic fcrms. Overall, for both soils, with
 

and without added organic matter, there was an initial mineral­
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ization of organic P followed by a period of immobilization
 

arid then another period of mineralization. Furthermore, in
 

the first half of'the incubation period, mineralization of
 

organic P was associated with moist incubation and immobiliza­

with dry incubation. In the second half of the incubation
 

period, the pattern was reversed and mineralization was
 

associated with dry incubation and immobilization with moist
 

incubation.
 

Birch (1959; 1960a) has shown that when a dried soil is
 

wetted, a portion of the soil organic matter'is made more
 

accessible to microbial attack and this causes a "flush" of
 

carbon dioxide and nitrate production. This could indeed
 

be the reason for mineralization of organic P during the moist
 

cycles in the first half of the incubation period. The apparent
 

dominance of immobilization during the dry cycles may be a
 

reflection of a depression of phosphatase enzyme activity,
 

known-to be induced by drying (Ramirez-Martinez, 1968) and
 

which would cause an accumulation of organic P.
 

The reasons for the reversal of the mineralization-immobili­

zation pattern in the last 4 weeks of the incubation period
 

cannot be definitely stated. Birch's studies (1959; 1960a) on
 

the effect of wetting and drying:showed that the flush of mineral­

ization of carbon and nitrogen was a continuous process and the
 

magnitude decreased only slowly with the number of times of
 

wetting and drying. Apparently the influence of wetting and
 

drying'on the mineralization of organic P may be more compli­

cated than that on carbon or nitrogen mineralization.
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Figure 12. 	 Mean of the inorganic and organic phosphorus
 
as estimated by subtracting the values at a
 
particular time of incubation from the zero
 
time of incubation. (MulanJe soil).
 



-75a6
 

--- 0% organic residue 	 D
 

.40 A 	 2% organic residue 

.30' 

3 	 W 

20
 
20
 

0 
r. 	 D 

0H 

H 

-10 

-20 	 /
~W 

0 2 4 	 6 8 

Time in weeks
 

Figure 13. 	 Mean of the inorganic and organic phosphorus
 
as estimated by subtracting the values at a
 
particular time of incubation from the zero
 
time of incubation. (Dedza soil)
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It was originally thought that the wet and dry incubation
 

might accelerate and/or intensify the immobilization or mineral­

ization processes that occurred during continuous, moist incu­

bation. However, comparison of the wet and dry incubation re­

sults (Fig. 12 and 13) with those of the moist incubation
 

(Fig.'8 and 9) indicate that this was not necessarily the case.
 

In fact, the results of the wet and dry incubation show that
 

the Dedza soil had a greater mineralization of organic P than
 

the Mulanje soil, while with moist incubation the opposite was
 

found with the Mulanje soil having a greater mineralization of
 

organic P than the Dedza soil. It should be kept in mind that
 

the moist incubation experiments were carried out for 12 weeks
 

while the wet and dry incubations were carried out for only
 

8 weeks. It is possible that if the latter had been carried
 

out longer, more definite trends might have emerged.
 

The presence of added organic matter during wet and dry
 

incubations had only a slight influence. The most pronounced
 

effect was observed for the Mulanje soil (Figure 12) in which
 

the additon of organic matter appeared to increase the immobil­

ization of inorganic P.
 

Sodium bicarbonate extractable phosphorus
 

The use of sodium bicarbonate extraction to trace the or­

ganic P mineralization is shown in Figures 14 and 15. In both
 

soils where no organic matter was added (Fig. 14), there was
 

which the\e was a slight net
an initial immobilization after 
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Figure 14. NaHCO3 extractable P.
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Figure 15a. Bicarbonate-extractable inorga­
nic and organic phosphorus of
 
MulanjO soil with 2 % organic
 
residue added.
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Figure 15b. Bicarbonate-extractable inorga­
nic and organic phosphorus of
 
the Dedza soil with 2 % organic 
residue added.
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This pattern was most pronounced
mineralization of organic P. 


for the Dedza soil.. At the end of the experiment, however, the
 

soil:shad largely returned to their initial values.
 

For the samples which were incubated with added organic
 

the rapid
material, (Fig. 15a, b) the most notable feature was 


large amount of inorganic, bicar­conversion of the relatively 


Inasmuch as
bonate-extractable P to a non-extractable form. 


there was mt a corresponding increase in the bicarbonate
 

extractable organic P, the decrease is probably a result of an
 

inorganic fixation reaction. There was, however, some evidence
 

of microbial activity. In one of the duplicates of the Dedza
 

soil, there was a white-colored mycelial growth observed at
 

the second week of incubation. Coincidental to this, there
 

was an increase in organic P and a decrease in inorganic P in
 

the same sample relative to the sample where there was no
 

The effect of fungi in immobilizing P can
mycelial growth. 


only be speculated since the effect of the unseen microbial
 

population is not known. It is important, though, to note
 

that whereas the ignition procedure did not show this difference
 

due to fungal growth would indicate that the 2N H2S04 extracts
 

some of the microbial organic P that would be included as inor­

ganic P, and thus giving erroneous results.
 

Overall, the results suggest that the distribution of bicar­

bonate-extractable organic and inorganic P could vary considerr-


This could complicate the
ably throughout a growing season. 


assessment of the contribution of organic P mineralization.
 

That is, it is quite possible that at various stages during
 

thp growina season. in response to changing microbial activities,
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Figure 16. Phosphorus recovered (ug/ml) after 500 ppm P were 
equilibrated for 48 h~urs with one gram sample from 
soil that underwent "wetting and drying" incubation; 
0 % organic residue added. 



-82­

mineralization of a labile form of organic P (bicarbonate­

extractable) could contribute inorganic P for plant uptake.
 

Subsequently, replenishment of this relatively small pool
 

of labile organic P could occur by disintegration of complex
 

organic P compounds in the remaining soil organic P fraction.
 

Analyses made before and after the growing season would, there­

fore, show no change in the pool of labile organic P. Addi­

tionally, for the remaining organic P fraction, extractable
 

only in strongly basic or acidic solutions, the decrease
 

necessary to maintain the labile pool constant may be so
 

small relative to the total amount that it cannot be detected
 

as a significant difference. Field and greenhouse work would
 

be necessary to verify this.
 

Adsorption of phosphorus.
 

The adsorption of inorganic P from solution was found to
 

fluctuate widely during the incubation period (Figure 16 and 17)
 

There was a general pattern to the variation in that the adsorp­

tion of P was generally greater following dry cycles than that
 

after moist cycles. Unpublished work in this laboratory has
 

shown that Oxisols and Ultisols of Puerto Rico show similar
 

pattern of P adsorption in response to wetting and drying.
 

There could be a number of possible mechanisms explaining this
 

The most obvious would be that during incubation,
phenomenom. 


anaerobic conditons may develop, causing a reduction and mo­

bilization of a portion of iron oxides, and consequently a
 

decrease in P adsorption. Upon drying, the reduced iron Would
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Phosphorus recovered (ug/ml) after 500 ppm
 
P were equilibrated for 48 hours with one
 
gram sample from soil that underwent "Wet
 
and dry incubation"; 2% organic residue was
 
added.
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be reoxidized -to hydrous ferric oxides 
that are active,. I,
 

probable
P adsorption. Another possibility and perhaps more 


is the influence of the wetting and drying on the .surface-


That is, as the-Isoil solution...
charge properties of the soils. 


becomes more concentrated, the hydrogen ion activity:) should
 

increase and correspondingly cauIse an iinrease 1h surfa'e
 

+ active 'in P adsorption.Al-Fe-OH groups that are 


Organic material had a notable effect on the Dediasoi3 .
'
 

in that the amount of added phosphorus remaining ir solution
 

A similar occurrence-was noted,
was greatly depressed (Fig. 17). 


for one of the replicates of the Mulanje ,ioil, althugh,'of
 

lesser magnitude. If fungi were respqnsible for the latter,.
 

they must have been in a finely divided state as',no mycelia
 
N " /i 

t 
I 

1 with an
 were visible. The association of the fungal growth


increased adsorption of phosphorus is an interesting qbser:­

but one for which an explanation Is not readily
vation, 


.available• In conclusion, it can be pointed out that At any
 

soil would-'not
 one time, the organic mgtetal added to any 


only cause microvariabilities in the physical and chemical
 ,A
 

in the microbial processes, The varia­processes, but also 


bility would also depend 'upon'the nature and quantity of '%he
 

Another important point is the difference'
added substrate. 


between the continuously moist incubation and the drying 
and
 

re-wetting incubation experiments. The continuously meist
 

incubation seemed to have a fairly buffered system whereas
 

in the
the drying-rewetting incubation showed a diversity 


and also adsorptions.:,
reactivity both in inorganic and organic P 
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'Inorganc'phosphorus fractions.
 

* The mineralized organic P may. contribute to the; supply-of
 

the labile P, but that, as already pointed out, this-may Isuffer
 

from immobilization either by microorganisms or by lthe hydrated
 

oxides of aluminum and the iron, and the clay fiaction, and also
 

that one of these processes may predominate or that they may
 

occur simultaneousIy. The purpose of the present experiment.
 

was to observe the effect of incubation on the.P fractIions.
 

From :the results in Table 18, it can-be pointed out that in
 

general, there was no marked increase in the inorganic fractions
 

resulting from incubation, although there was a large decrease
 

in the adsorbed fraction as determined by sodium bicarbonate
 

extraction. There was a slight increase in aluminum and calcium
 

phosphate, and a higher increase of iron phosphate resulting
 

from incubation in the Mulanje soil. In the Dedza soil, there
 

was no significant difference between treatments in the alumi­

num and iron phosphates, but that there-was a slight increase
 

in the calcium phosphate.for the sample incubated at 2 per cent
 

organic residue. This may indicate that the initial reaction
 

in these soils is the formation of the calcium phosphate result­

ing from the interaction between the added:Ca(OH)2 and the P
 

in the soil, and that with time,""this fraction which is unstable
 
/at low pH, may be transformed intoAl-P andeVentually intoFe-P
 

(Chang and Jackson, 1958).
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Table 19. Inorganic phosphorus fractions for the wet and
 

dry,incubation.
 

Treatment Adsorb-.P Al-PI/ Fe-P Ca-P Total
 

ppm 

MULANJE
 

Zero time, 0% org. res. 46 37 137 22 243
 

Zero time, 2% org. res. 88 40 135 21 284
 

8th week, 0% org. res. 51 37 137 20 245
 

8th week, 2% org. res. 51 41 153 25 270
 

DEDZA
 

Zero time, 0% org. res. 82 59 278 36 455
 

Zero time, 2% org. res. 107 61 280 40 488
 

8th week, 0% org. res. 83 56 282 41 462
 

.8thweek, 2% org., res. 85 57 277 46 465
 

1/ Al-P determined after one hour extraction.
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-It is interesting to note that P ~content of the - ' organic 

,material which initially increased the inorganic,P,fractions
 

recovered after incubation. -This,
may in- .
 

was not entirely 


of the transformation of organic P'is mi­dicate that some 


.crobial rather than chemical.
 



SUMMARY AND CONCLUSIONS
 

The work in the present study showed that the four soils
 

of Malawi selected for investigation differ greatly in their
 

chemical, physical and mineralogical characteristics. In gen­

eral, chemical, physical and mineralogical properties indicate
 

that the Mulanje soil is the most highly weathered. This is
 

reflected by such characteristics as the presence of high
 

quantities of gibbsite, high P adsorption maximum, low pH and
 

per cent base saturation, and also a low, active Si0 2/A1203
 

ratio. The extremely low P adsorption maximum, higher active
 

Si0 2/A1203 ratio and also the presence of considerable amounts
 

of mica in the Bunda soil is clearly indicative of a moderately
 

weathered soil.
 

The active SiO
 2/AlO 3 ratios were found to be a function
 

of soil texture and apparently, as previously noted for some
 

Oxisols in Brazil, dissolution of quartz in the sand fractions,
 

over long periods of time, has greatly influenced the nature
 

of the active surfaces in the clay fractions.
 

The comparative study of organic P procedures showed
 

that the method of ignition at 5500C followed by 2N H2SO4 extrac­

tion was the most suitable one for estimating organic P in
 

these soils. This is because of its simiplicity and also for
 

its apparent maximum extraction of organic P with minimum hydrily-,
 

sis.
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Of greatest interest were the results from incubation
 

experiments. In the continuously moist incubation experiment,
 

there was an initial immobilization of phosphorus in both
 

soils (except one Mulanje sample where no organic matter was
 

added, and incubated at 350C) and that for the Dedza soil,
 

immobilization continued up to the end of the incubation
 

period in the samples that had organic residue added to them.
 

On the other hand, after initial immobilization in the Mulanje
 

soil, there was a rapid mineralizabion in all cases up to the
 

end-of the-incubation period. The high temperature coupled
 

with organic matter additions accentuated the rate of mineral­

ization at later stages in the incubation period. This is
 

.,,reflected in the greater amounts of solution P in the adsorption
 

experiments.
 

The wet and dry incubation results, on the other hand,
 

were quite different With the Dedza soil showing a greater
 

increase in net mineralization initially and towards the end
 

of the incubation period. The Mulanje soil showed an initial
 

mineralization of P Just as in the Dedza soil, but that subse­

quent incubation resulted in immobilization of P, except for
 

one sample where no organic residue was added which showed a
 

slight increase in mineralization on the eighth week.
 

The adsorption and fractionation studies clearly indicate
 

that there was limited chemical transformation of the inorganic
 

forms present in these soils.
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From the experiments, it can be concluded that the effect
 

of added organic material on supplying P for plant use will
 

depend on several factors. One of these factors is the nature
 

and quantity of the added organic mattdr. This will influence
 

the microbial and hence the chemical activities. The initial
 

processes will be such that the plant will compete with the
 

microbial populations in the uptake of phosphorus. and that
 

subsequent increase in inorganic P for plant use will depend
 

upon the rate of substrate exhaustion, which may lead to
 

autolysis of microbial cells. The climatic influence is
 

that high temperatures favor a rapid decomposition of organic
 

matter, and thus may lead to a rapid release of organic P
 

into inorganic forms. In addition to this, the nature and dis­

tribution of rainfall in a growing season will influence
 

organic matter decomposition, with high moisture saturations
 

favoring a reduced rate of decomposition of the organic matter,
 

although the availability of P may not follow the same pattern.
 

On the other hand, drying of the soil will affect the ezymatic
 

activity. Lastly, the chemical and physical nature of the
 

soils will greatly affect net organic P mineralization.
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Appendix i.. Lime added to the soil based on the exchangeable
 

-A1 determined in 1 N KC1 extracts (Kamprath, 1970) 

Soil Exchangeable Al 

me/10Og 

Mulanje 1.78 

Bvumbwe 0.07 

Dedza 0.17 

Bunda 0.06 

Lime was applied to Mulanje and Dedza samples in the form of
 

Ca(OH)2 .
 

Mulanje 1.78 x 74 = 131.7 mg 

Dedza 0.19 x 74 = 12.5 mg 

The soils were shaken thoroughly for 30 minutes on a mechanical
 

shaker.
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Appendix 2. Phosphate sorption by four Malawi soilR after
 

48 hours equilibration with added phosphorus.
 

Initial amount Amount recovered Amount sorbed
 
Sample added, ug-P/2g ug/ml. ug/g-Soil
 

Mulanje 	 200 0.02 99
 

500 0.10 248
 

1000 	 0.58 488
 

1500 2.37 703
 

2000 6.83 863
 

Bvumbwe 	 200 0.05 98
 

400 0.17 193
 

500 0.28 239 

1000 1.45 4 

I'OO 3.7q SO 

2000 6.4 71 

Dedza 200 0.1 97 

OO 0.60 1s 

600 1.58 268 

800 3.59 326 

1000 5.53 369 

1250 9.S8 428 

M,--Bunda 0 0.03 

100 0.37 62 

200 0.91 $1 

30o p.l toy 

400 3.4 M 

So0 4.9: Pd 
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Appendix 3. 	Total-, inorgani-, annd organic-P determined In 

incubated (02 0 C) and unIncubated aairple.s extracted 

with .N 1.:::Oj,; no organic reall added.
 

301, , Week: ... 0 3 6 ()12
 

. . -... .. . . ..
 . ..... 	 pp m .. .. 


Total-P 4(Q 508 496 494 5135
 

IIULANJE Iiorg-!' 71 60 292 288 305
 

04 	 .320
Orfa4lfrP 21 '3 206 


Tot a 1-11 1162 IA7 P48 1w'64 14*16
 

DIWA Inort-V 	 4188 465 47 471
 

-55 $0 756 821 810
 

AkP!dig !. T1'-, 	 inorpni-, ond orpnic-P detormtn4 In 

. MOITO 	 10
 

910
7S,5 401 76 	 821 
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AppmdIx '. *Totil.-, lnor-ganl c-, and organic-I' determnined in 

Incubated (35'C) and unincuhated sampleo extracted 

with 2N 1LSO,4 no organic residue added.
 

Soil Week: 0 3 6 9 12
 

ppm

Total-P 1492 504 1491 488 509 

MULANJE Inorg-P 271 280 286 291 318
 

Organ-P 221 2214 205 197 191
 

Pp~n 

Total-P 116P 1197 1252 1247 1260
 

DEDZA Inorg-P 1418 4 11) 1453 14514 1479 

()rpani-' 744 778 799 '793 '181 

Appendix 6. Total-, inorganic-, and organic-P determined in
 

Incubated (351C) and unlrouhated samples extracted 

with 2N 11,,1:01 2% oran c rosiduw added. 

Soil Week: 0 3 '4 12 

4)pm 

Total-P 5)43 531 1490 522 524 

MULANJE I norg-1) 305 277 311 320 321 

2vivIII-1138 254 176 202 203 

Total-P 1242 12112 1236 1253 1291 

DSDZA Inomrg-P 187 462 468 1481 490 

Organ-P 755 780 768 772 801
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Appendix 7. 	Total-, inorganic-, and organic-P determined in
 

inIcubated andl unincubatod .hItmplon oxt1t'daot wi lii 

2N 11,S0,O; no organic residue added. 

Soil Week: 0 1 2 3 4 5 6 7 8 

ppm 

Total-P 491 548 519 - 1469 546 530 525 508 

MULANJE Inorg-P 271 279 266 - 266 283 266 271 281 

Organ-P 220 268 253 - 203 262 264 254 227 

Total-P 1195 1230 1237 - 1173 1332 1279 1231 1215 

DEDZA Inorg-P 436 478 441 - 407 464 459 420 471 

Organ-P 760 753 796 - 766 868 820 811 744 

Appendix B. 	Total-, Inorganic-, and organc-IP determi ned In 

incubated and unincubated samples extracted with 

2N H2SO4; 2% organic residue added. 

Soil Week: 0 1 2 3 4 5 6 7 8
 

ppm 

Total-P 567 	 556 561 - 515 580 583 558 560
 

MULANJE Inorg-P 331 356 295 - 296 299 313 288 315 

Organ-P 235 200 266 - 219 281 270 270 245 

Total-P 1285 1281 1315 - 1216 1356 1340 1301 126f 

DEDZA Inorg-P 467 502 487 - 454 484 500 458 496 

Organ-P 818 779 828 - 762 872 840 843 769 
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Appendix 9. Total-, inorganic-, and organic- 1 determined in
 

Incubated and uincubated :iarnple: extracted with 
NaICO3 ; no organic retsidue added. 

Soil Week: 0 1 2 3 Il 5 6 7 8 

Total-'P 36.q 38.1 41.9 49.2 2() .8 2 .7 0.1 29.2 314.4 

MULANJE Inorg-P 23.3 22.8 26.1 31.0 18.4 20.1 22.5 19.6 22.1 

Organ-P 13.6 15.4 15.8 18.2 11.4 9.6 7.5 9.6 12.3
 

Total-P 46.9 55.4 56.3 4,15.,, 46.9 117.3 48.11 45.4 52.4 

DEDZA Inorg-P 39.11 113.J 113.7 6.(6 36.7 37.7 11P.1 38.1 11.3 

Organ-P 9.7 21.6 22.3 19.0 10.2 10.) (i.3 '1.3 11.1 

Appendix 10. 	 Totol-, Inorganle-, and organic-P determined in 

incubated and unincubated sample:; extracted 

with NaIICO,,; % organic residue added. 

3 	 8
Soil Week 0 1 2 )1 5 6 7 


ppm
 

Total-P 611.8 17.0 47.9 58.7 38.1 3r5.5 36.0 30.2 38.7 

MULANJE Inorg-P 49.3 28.4l 30.3 311.5 20.8 20.1 22.7 17.8 20.8 

Organ-P 15.5 18.7 17.6 214.2 17.3 15.11 13.3 12.14 17.9 

Total-P 78.2 64.7 66.2 51.9 55.2 50.6 53.8 48.8 61.1
 
118.1 50.8 46.9 46.6 43.8 57.5 

DEDZA Inorg-P 62.2 119.14 50.2 142.4 142.0 140.5 46.5 4o.9 48.0 
314.9 37.5 32.8 40.6 32.7 38.6 

Organ-P 11.0 15.2 16.0 9.5 13.2 10.2 7.3 7.8 13.2 
13.2 13.2 14.1 4.9 11.1 19.0 




