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ABSTRACT

ORGANIC PHOSPHORUS STUDIES IN SOME SOILS OF MALAWI

by Spider Kajera Mughogho ‘

_ in the preSent study, organic phosphbrus studles were
‘ﬁméde~1n four'soilsifrom Malawi, of which two were-seiected
ifdr.studyihg mineralizétion of organic P.

‘1The_fOuf so;ls were found to differ widely in their
chemical, physical and mineralogical properties. A relative de-
grée' of weathering could be assigned to the soils based on
Fibb%ite content, phosphorus adsorption capacity, per cent
base qaturation, pH, and reactive 8102/A1203 ratio. The
mineraloplcal 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 soll organic phosphorus showed that ignition procedures
were superlor to extraction procedures. Thus, an ignition
procedure (550°C followed by 2N H,S0, extraction) was selected
for evaluation of organic phosphorus mineralization during |
laboratory incubation.

Continuously moist incubaﬁioﬁ studles were made on the
Mulanje and Dedza soils at 22°C and 35°C, and 0% and 2% organic
residue. Soill samples were taken at 3 week intervals to observe
organic P mineralization. Finally, wet and dry incubation

studies were done as 1in continuously moist incubation studies,



‘except that the 22°C treatment was excluded, and also that
soil samples were taken at one week 1lntervals. In continu-
6usly 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.



* BIOGRAPHICAL SKETCH

5;‘ f\Th§5aﬁthoeras béﬁﬁ in Gamba Village, Chitipa District,
’Maig@i dﬁhseptembér‘24,.lgul. He attended.primary school
'gﬁfhéaﬁ.SChool, Luanshya, Zambia and at Nthalire Fuil Primary
 S¢hQ0l‘1n Chitipa District, Malawl and secondary school. at
Karonga, Nkhata Bay and Dedza Secondary Schools, Malawli. He
also attended one year at the University of Malawi after which
he was‘awarded a scholarship by U;Su'AgénCy for International
Devéldpment in 1966. 1In February, 1970, he obtained a Bachelor
of Science degree in Plantsiand Soils at the University of
Massachusetts, and studied at Cornell University during the
spring semester of 1970 as a special graduate.student.

In 1970, the author joined the University of Malawl, Bunda
College of Agriculture as an Assistant Lecturer in the Crop
Production Department and also as Farm Operations Manager. In
August, 1972 he was granted educational leave and enrolled at
Cornell University with a major in Soil Sclience and a minor
in International Agriculture.

‘The Author 1s a member of the Soil Science Society of
America, the American Soclety of Agﬁphomy and the International

~ Soclety of Soil Science.

i1



To the memory of Elisa Kanyimbo who
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INTRODUCTION
Phosphorus in\HighleWeathered Solls

Many of the soils in the troplecs have been subjected
to weathering for much longer than the soils 1in the temperate'
reglions. These’htghly'weathered solls are strongly leached
and are deep; the plant nutrients are concentrated in surface
layers of the soill which arises due to the recyclling 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 ,» 1t 1s less useful than other methods. In most
of .these solls, the level may be as low as 200 ppm. Enwezor
and Moore (1966a), for example, showed that total P averaged
211 and 17inpmjfor O—lﬁiand 15-30 c¢m layers of five forest-
soil profiles, and 110 ppm for the corresponding layers of
lufsavanna profiles, of which the organlc P constituted 43 and
28 per cent of total P in the 0-15 and 15- 30 cm layers of the
forest solls, and 18 and 10 per cent in the corresponding
'layers of the savanna soils. Similar findings were reported
by other uorkers who report that forest solls have a higher
' concentration of total phosphorus than savanna solls (Greenland
1973, Nye and- Bertheux, 1957). Although the organic P compoundsl
fmay be in soil solution, they are 1arge1y unavailable for plant T
”fuse., The organic form of phosphorus does, however. represent
iia potential source of phosphorus which can be available upon

jmineralization into inorganic forms.g.

-1- .



“vf‘Fixation or: immobilization of phosphorus 1s'also ‘a commonvgi

;feature of the highly weatherd soils of the tropics.ywln %p,*;l B
,most of these soils, fixation can be extremely rapid and strongf
eas a result of the relatively large contents of free iron

and aluminum oxides. The extent of the fixation reaction 't
;per unit mass of soil is largely dependent on the crystallinity
iof the iron and aluminum. oxides. Generally,vthe amorphous

;or noncrystalline forms are more active in»phosphorus reten— |
'tion than are crystalline well—ordered forms (Greenland 1973)

: In most of the highlv weathered soils of the tropics,
Corganic may represent a greater proportion of the total phos-'
phorus than in less weathered soilsrfof the temperate regions
;and the. tropics. Friend and Birchv(l960) reported that the
‘organic fraction accounted for about 86 per cent of the total
7soil phosphorus for some soils of East Africa. Acquaye (1963)°
ifound the organic P content of some Ghanaian solls ranged from
‘_',:45 0 to 69 5 per. cent of the total. This quantity varied
iwith depth., The greater amounts of total P in the top soil
fwas attribuued to the presence of organic P (Bates and Baker,
:1960) Cunningham (1963) found that in the tropical soils of

thana in cacao experiments, organic‘P was in the order of 75

,and 55 per cent of the total in ,f ‘cm&and 5 15 em: horizons

{respectively.; Bornemi“za and Igue 1967) found the proportion .#J

order for Costa Rican soils.

fof organic P to be in the same_
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';xﬁRélatiohship'of Organic Phosphorus to Fertility of

‘Higﬁiy~Weathéredeoil.

Field studiles have.shown that soll organlc phosphorus
content 1s correlated with crop ylelds. Omotoso (1971) work-
ing on some cocoa growing acid soils of southern Nigerila
found that for the majorlty of the solls, there was little
response té phosphate fertilizer application where the organic
P content was above 30 mg/l1l00 g soll. That 1s, where the
organic P comprised a greater percentage of the total P, there
is 1likely 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 In the
less weathered solls. For most of the low income countries,
where the cost of fertilizer 1s very high and the price of
the prodgce 1s 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 productlion of annual crops.

Origin and Form of Organic Phosphorus,

In general the soll organic phosphorus is part of the
 vorgan1c matter which in turn originates from decaying natural
vegetation, although some 1s accumulated as a result of micro-

_bilal activity (Anderson, 1967; Birch, 1961; Cosgrove, 1967).
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COugrovo (1967) considered that the organic P compounds in
plant and animal remains probably decompouse at a rapld rate
" which prevents their becoming more than a4 very small propor-
tion of the total organic phosphorus of the soll, and this
may be true if one considers some of the information on the
possible origins of some phosphate esters known to be
preéent 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 threec maln groups,
and these are: phospholiplds, nuclelc aclds and the {nositol
phosphates. The phospholipids comprise a umall proportion of
goll phosphorus, and most values reported do not exceed 3 ppm
of phosphorus (Anderson, 1967).

The nucleic aclds (ribvonucleie and deoxyribonucletic)
reach the soil from decomposing nicrobial, plant, and animal
remains. Anderson (1967) points out that it in unlikely that
they account for more than 5 to 10 per cent of the edter phofi=
phates in soils. The third group conslats of the inositol phoss
phates which nre the enters of inositol, a aaturated ecvelle,
gilx=carbon alcohol with a phosphate group on each caprbon, Four
{somers have been dincovered of which only one ia found {a the
inositol of plantn, which clearly !ndlcaten that the fnuaitol
phosphaten of the notl are not only residual from planta, byt
also that they may be produced tn solls from microorganisms
(Cosgrove, 1967). Wide variations have lueen  poported with re=

gard to tho absolute amounts of the esters, but Anderson (1967)
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points out that the inosi!ol phosphates may account for more
than 50 per cent of the total organic phosphorus, althoupgh
the average may be put at 30-35 per cent. In a thorough review
of organic P, koberts and Weaver (1973) pointed out that over
half of the organic phosphates have not bein identified.

Mineralization of Organic Phosphorus.

Organic phosphorus 1s not directly avallable for plant
nutrition, and must first be mineralized since the plant takes
up phosphorus in the inorganic form, The problem {s that the
80il, belng a dynamic usyatem, 13 not in a state of equilibrium
8o that the minepralization of organic P will depend not only
on the presence ol mierobial populations, but also on whethey
the dynamie atate favors mineealtzation or ee=tmmobilteat lon
of the minerallzed  phosphopras,

In his studlea of P tpansformation during plant decompogle
“4on, Bireh (1961) found that Juring the fipst two days, thore
wao a arall rise  in the arouynt of organte plLasphorus followed
by 8 Jdecline as a result of Jephosphorylation to Ynorgante b,
Thie {5 15 sgrectont with othey workers (HnweZ2or, 1966, 14907)y
Jaokmsn, 149%%) who report similar resylls, Enswezor (1967)
found that there was an 1nitial I tesovilieation 1 all, except
pgeven of the twenlys~cighl sulle ysed, and thal this $meobljligge
tion cecurred i1 511 cicopt tThLyee €afee 1o the eh] of the (fidyw
battlen perica, Tntis oty 3tEstion tended Yo #lse wilh tneresaed
levels of avatiavie b, Inddcalling a luykyry atzorption of F
by miepoorganichs, Bhlack and doring (1953) fFeported 'hat ajnerals

1gation of organte F #il] oecur 1f the urganle €i organle P
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ratio of the materials is below 200 while if the ratlo is
above 300, immobilization will occur, which has been observed
when large amounts of energy-ylelding materials are intro-
duced into soils (Birch, 1961; Enwezor, 1966; 1067; Frlend

and BWlrch, 1960),

Cunntoerham (1963) found that organte ' mineea 11eon at
approxtmately the same prate as total nltropren in foreat solla
i Ghana. Orpanic P mineralization seems also to depend on
the percentage of the total P present in the organic form
rather than on the organic C: organic P ratio with which
mineralized P was poorly correlated (Enweior, 19663 1967).,
Jackman (19%5), based on results from 18 fleld trials in
New Zealund, round that avepage conversiona of 20 to 10 per
cont of added tnoppeante P, were found in the tap tneh off the
pt b he wordoed with, higher vatues of =l per cent 1y yellows
brrown loams and podszolte aatls,

The repurts of the effecta of added phoaphorus are
conflieting, Acquaye (1961) rfound that the increoane in extract-
able norganie ¥ due to incubaticn aof Bome su1ls of Onana was
greater in the presence of added inoraanic I and N.  These pe=
gults are {n agreement with the wurk of Enweor (1566), The
addition of tnuprganie phosphiorus, 1t 18 belleved, has a twofold
purppse, FPirst, 1t replaces the spgante phosphorus from the
exehange sites, and Lhus making 1t readily avatlagtle o) minepal=
tzation., deeondly, the micpoblal astivity 1s enhanced, and this

leads to eventual inorease in organie P mineralization,
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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 soll was not enhanced by addition of 1inorganilc P.

This 13 In apreement wlth the results of Yoneda and Shipgeputa
(1956), and Jackman (1955) who found a greater content of
oﬁnunlc ' In cropped flelds, and that thls increase in organic
P waes assoclated with fertllization and accumulatlon of' total
P in 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 fertllizer often re-
sulted Iin an increase in 501l organic P. He also found that
there was overwinter bulldup of soll orpantic I’ More recent
work by Adebayo (1973), who worked with Nlpoetan solls, celearly
Tnddteates that  the rate ot oepnate I and orpante ¢ mineral-
fzat.lon wag not enhanced by additlon of Inorpanle 'y On the
contrary, the organic P level was constant throughout the
experiment,

One of the best indicators that mineralization of organic
phosphorusa doen Indeed occur is evidenced by comparing unculti-
vated soils to those that have been cultivated. Cunningham
(1963), who rollowed the effects of clearing o forest in Ghana
over a three year period cbhaoerved that there was a decline in
the total oreanlce P content, This 1s in aprcement with the work
of Omotoso (1971) who found that there was, in general, a lower
organie I' content tn the cultivated nolls than in the unculti-
vated solla of Nigerin., 'Thins, he concluded, suggests that

the organic P can be potentially available for plant nutrition,
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Temperature is one"df;the‘ﬁost.important‘féctors that
affect organic P mine#&iizatidhfin.the s6il. Field'expéri-
ments on a clayey Ultisollin Puérﬁo Rico have shdwn that there
ﬁaé no response to applied inorganic phosphorus in a warm
season, but that there was a deflnite response in a cool season
(R. H. Fox, Dept. Agron., Cornell Univ. Ithaca, N.Y. personal
communication). Acquave (1963) found that for some Ghanalan
soils more organic P was mineralized during laboratory in-
cubation at 50°C than at U40° or 27°C. Wettlng and drying the
soil may also have an effect on organic P mineralizatlon
(Birch, 1960a; 1961; Friend and Birch, 1961). Birch (1960a)
points out that the drying effect involves changes in the or-
ganic fraction of the so6ll and that the organic material
involved 1s a product of microhlal decomposition of complex
organle matter. 1In thelr experiment, Frlend and Birch (1961)
reported that organlc 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-
ganlic colloids. '
Soll reaction also greatly influences organic P mineral-
ization. Omotoso (1971) observed in a calcareous soll that the
decrease of organic P as a result of cultivation was much
greater thah that in acld soills. This greater decline in the
organic P was attributed to rapid mineralization at higher pH
values. Apparently, increased soil pH stimulates microblal
activity and consequently organic P minerélization (Awan, 1964,

Halstead et al., 1963; Islam and Ahmed, 1973).Awan'(196k);w6rking
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with Zamorano soils showed that there was a decrease 1n
organic I 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 1line 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 cbntent of incubated
surface samples of seven acid soils from eastern Canada. Re-
duction in soil. organic P due to liming is assocalted 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
ralsing the pll to about 6.0-6.5 may transform them Into
more soluﬁle Ca-salts whlch can be easlly mineralized.

Determination of Organic Phosphorus.

There has been a conslderable amount of effort on the
development of methods for estimatlon of total soil organic
phosphorus. The methods currently used may be classifled as
either ignition or extraction procedures. In ignition-type
procedures, total organic P 1s determined as the increase
in the amount of extractable P that results from ignition of
the soll as comparedto an unignited sample. In extraction
methods, the soll is treated with éuitable reagents so as to
remove both organic and inorganic P, After determination of
inorganic P, total extractable P 1s determined by treatment of

the extract so as to convert organic P to inorganic P.
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‘,fo&ahiqu‘ié‘then ﬁaken as~tﬁe;'difference between totalb
K ’é£ffé¢ﬁéb1e P and inorganic D.

: "'Tne more commonly uséd ignition procedures are those of
Saunders and Wiliiams (1955) in which samples ignited at 550°C
are extracted with 0.2 N or éﬂ H,50,, and Legg and Black

(1965) in which samples are ignited at 240°C and are extracted
with concentrated HCl. Generally speaking, ignition procedures
"are adVantageous,in that they are relatively rapld and simple,
and give more reproduclible results than extraction methods.
There are, however, several bossible errors that may occur with
ignition procedures. One of these 1s that the destruction of
organic matter by lgnition may change the inorganic P already
present 1n the soill.

Bornemisza and Igue (1967) found that there was a reduced
efficlency of the Saunders and Williams method in that during
ignition, a portion of the mineralized organic P reacted with
soll constituents so as to produce 1inorganic forms of P
that were not extractable with 0.2N HQSOH. The latter occur-
rence can be partially prevented by use of a stronger acid such
as 2N HQSOH. However, this will increase the possibillity
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 stou gave no hydrolysis of inositol hexaphosphate, but it

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

'quantitutively.
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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, énd volatilization of P during ignition. Williams et al.
(1970) pointed out that low temperature ashing (LTA) using ex-
cited oxyren can be of much use In estimating organic P, 1t
has advantages in that it elimlnates volatilizatlon of 'y and
that it also minimizes the changes in the extractabllity of
inorganic P as a result of heating.

Most of the extraction methods for organic P in one
form or another consist of treatment of a soll sample with an
acidic reagent followed by an alkall reagent. The purpose of
the acidic reagent 1s to remove Ca, Mg, and other polyvalent
cations which otherwise could cause precipitation of organle
P compounds during the alkall extraction. The acid extraction
also releases organlc P that may be occluded within Iron and
aluminum oxides. The most widely accepted method 1s that of
Mehta et al. (1954). Brieflv, this method consists of treat-
ment of a soll sample with hot, concentrated HC1l followed with
0.5N NaOH at room temperature and then with 0.5N NaOH at 80°C.
Although the Mehta et al, extraction procedure is generally
accepted as a reference procedure (Bornemlsza and lgue, 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
been proposed to circumvent these sources of error. Anderson
(1960) modified the Mehta et al, method by first extracting
with dilute alkali (70 ml of 0.3N NaOH) overnight prior to
application of the Mehta et al, method. The overnight extrac-
tion. with dllute alkall removes some of the orrpante P othat
otherwise would have been hydrolysed by concentrated HCL or
0.5N NaOH. Saxena (1972) suppested the use off 1.ON NH“UH at
75°C for removal of sodium hydroxlde hydrolyaable rraction of
soll organic I prlor to the second 0.5N Naol treatment at
go°C, and found this method superior to Mehta et al. method,
The latest development 1n this area has been by Steward and
Oades (1972) who suppested pre-cxtraction of the soll with

1M HCD (1% m1), thenultrasonic vibration of the soll cuspended
in 0.5N NaOH, uuslny maximum current for 3 minutes, Use of 1M
acid pretreatment with o single, viporous NaOl extrnction gave
values as high as, or higher than those of Mehta, The method
aluoo climinates a scecond NaOW extraction,

One of the bigpest problems in the selection of a method
for estimation of organtc P is  that there is a distinct quali=-
tative difference In the phosphate esters  preaent in various
soil typeus or soila of different regions (Anderson, 1960),
Solls from actd repglons may behave quite differently firom those
of alkaline reglons, It 1s nlso very useful to Know the rela=
tionship between the clay-nenquioxide feractions and  organice
fractions, snince different forms of complexen might have dif-

ferent reacitons to the procedures developed from a fow areans,
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Anderson and Arlidge (1962) report that soil clays and clay
minerals and hydrated sesquioxides adsorb some Inositol phos-
phates and glycerophosphate.  Although this case has not
been extensively pursued, 1t needs to be investigated cven
more in the highly weathered soils of the troples which have
greater amounts of sesquloxides. Thus the refiabllity of any
mliven method could be better assessed Lf more intformation were
avallable about the nature of the interiction between the
organic matter and clay-sesquioxide fractions.

Phosphorus in Soills of Malawl,

Most of the virgin soils in Malaw!l have not been found
to be deficient In phosphorus, but In some soils the deficiency
18 induced by continuous cultivation in a short time (Brown,
1966; Brown and Young, 1964; Young and Brown, 1962). These P
deficienclen more generanlly appear on heavier red sollun than
thone on the sandier yellow and grey sotls (Brown, 19606),
Responues are common in the plateau and hill aveas of Central
and Northern Heglons, but not in the Southern Reglon, althougp
this 1o the moat densely populated and cultivated area in the
country.

Brown (1966) reported on nome of the results of manuring
carried out in nll three reglons (Northern, Central and
Southern) of Malawi, He obuerved that there were marked ro-
sponses to manure application on lesas fertile soils than on the
better nolln, and that thin  response may be due Lo nutrient
content of the munure rather than the prenence of organic matter

per ae. Enwozor (1967) pointed out that where inorganic forms
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of P account for the bulk of the tbtgl so;l'rg a study of.
the organic P would seem pointless'unléss the inorganic forms

are low in avalilability.
Objectlves

To date, no studles have been conducted on the rela-
tionship of organic phosphorus to crop yields in Malawil.
Ir. view of this, the purpose of the present study. 1s to
investigate: 1) The physical, chemical. and mineralogiéal
properties; 2) Total-P, inorgantc-P fractions, and organic-P
content; 3) Phosphorus adsorption characteristics; and
4) Mineralization of organic P 1in incubated samples of some

Malawi solls.



' MATERIALS AND METHODS

Description of Soils

. Thelsoils used in this study were sent from Malawi-eand“;
the author is very grateful to Mr. R. W. Borden, University -
of Malawi ’hunda College of Agriculture, Lllongwe, Malawi who
sent the solls 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 Malawl and the locations where the soillu

samples were taken.

Mulanje Site Mimosa or Mulan]e Series - taken in a young

Eucalyptus plantation which was about 1-2 years old at the time
of sampling on.the Thornewood Estate, is 1likely a Mimosa or
Mulanje series. The soll appears to be a Ferrisol (Belglum
system) (Ustox, by the new U.S. soil taxonomy) but no profille
description was avallable yet. Young (1962) gave a'profilek
description of the Mimosa serles, and thisilies 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, remalning 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 stronglv acid, pH H 5 5 O

and the subsoil base saturation is low. Qf;f | |

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

latosol, or Eutrorthox by .the new U._S. soil taxononomy. It is

-15-
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the top member of a catenary sequence. The top soll 1s dark
red, sandy clay or sandy clav loam, with 30 per cent clay.

The subsoil 1s 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 Ferruglnous
latosol of high altitude type (1440-1560 m). Brown and Young
(1964) gave the following description:

Top soll is a dark reddish sandy clay loam, or is less commonlv
sandy clay. The dark color continues to a depth of 30 to 00
em, and the profile is characterlzed by a contrast between the
reddish brown (2.5 YR hue) or a dusky red subsoll, and a red
llower subsoil, The subsoil is dusky red clav, 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 em: 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 Soll 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 0.01M CaCl,
at a soil: solution ratio of 1:1., The glass electrode of the
pH meter was positioned in the supernatant.

Catlon exchange capacity was measured by saturation with
neutral N ammontum acetate. The soll Wi then washed with
isopropyl ulcohol; leached with 10 per cent welght /volume
NaCl in 0.005N HC1l, and NH, in the extract was deteprmined by
nesslerization. Ammonium acetate extraction wuaz used fopr
exchangeable bases. The organic matter in the extracts was
destroyed by H202 and sillca dehydrated with concentrated
HC1l. Lanthanum sufficlent to give a 5% concentration waa
added to the residue, and the exchangeable basdes wepe doteps
mined with o Jarrel Ash atomice abaorption apecetrophotometed,

Exehanpgedble acldity wan meansupred by the HﬂCl?-TKA mot hiod
(Groweliny and Pecch, 1966),

Mineralogical Propertiesn.

The soil samplesn were treated with sodium hypochlorite
(NaOC1 adjuated to pH 9.5) to remove organic matter, The
method of Jackson (1969) was used to sepaprate the sand, silt
and clay size fractiona, 'This method invalves wet sleving,
contrifugation and decantation,

The clay sige Fractions were K= and Mg=gaturated, and
mounted ns parallecl-orfented sampleg_on glass sitdes, aftep
which X-pay diffraction (XHD) analysie was uscd tu Jetepmine
the qualitative compopition of the got) sarples, IRD anslyels
wan aleo used on random powdor pamples of Lhe coarsc nateprlals

to glve a qualitative {dea of the pature of the pand and &t









To determine the oitrate-bicarhonate-dithionite extractable P
(reductant-goluble), the procedure of Weaver (1974) was follow=-

ed.

Phosphorus_adsorption,

Phosphorus adsorption isotherms were determined essentlially
as deacribed by Fox et al, (1971)., Two gram alr-dried samples
wore equilibrated at room tempeprature with varlous amountu of
phosphorus (KH?POQ) in 0,014 CaCl, for 48 hours of continuous
shaking, after which P in solution was determined by the ascore-
ble acid method of Watanabe and Ols-n (19645). The P adsorption
data were analysed tn tepma of the Freundlich and the Langmulir
equat fonit,  The Preunditeh equatton ta plven and

x = kc"
where x » ug of P adaorbed per gram of soll;
C = equilibrium solution concentration of P;
K,n = constantsa,

T™he Langmulr equation, in a lipear form, is given as:

0o _ 0 )
R A
where X ® ug of P adsorhbed per gram of soll;

b = adsorption maxima,;

o = equiltbrium polution concentration of Pj
k = conptant and related to energy of adsorption,
Peterminattion of urganic Phoaphorun
A ocomparative ptudy of procedures for entimnting organice
P wae considered to he neocensary so an iov nolect the mont nulte

able prosedure for evaluation of organic P mineralization 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 soll sample was extracted with

hot concéntrated HC1l followed by cold 0.5N NaOH and then hot
0.5N NaOH. Inorganic P (Pi) was determined on an aliquot of
the extract by the ascorblc acld 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 -P,).

i
2. Anderson method - The procedure of Mehta et al. (19%54) as

modiricd by Anderson (1960). Thls involves overnight extrace-
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 HCl. After centrifugation, the residue was treated as

in the Mehta et al. method.

3. Anderson method modified - The soll sample§ were first ex-

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

3
P were determined in the extracts, The resldues were treated
as in (2).

Ignition methods.

Saunders and ¥Williams methods - These involve the ignition
of the soll sample at 550°C or 240°C for one hour. The samples

were then extracted with 0.2N H,30, or 2N H,80, for 17 hours.
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Phosphorus was determined in the ignited and unignited samples,
and organic P was estimated by differcnce.

" Incubation Studles.

Continuous Incubation

Mulanje and Dedza solls were selected for this study. To each
soll enough lime, Ca(OH)2 was added to almost neutralize the
exchangeable aluminum as determlned from N KCl. (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 welght of organic residue
(ground corn Stover; 0.8% N and 0.24% phosphorus);
3. No corn Stover added; incubation at 35°C;
4, Addition of 2 per cent by welght of corn Stover;
incubation at 35°C.
Before incubatlion, enough water was added to each soll so as to
approximate field capacity. This was 40 ml water per 100 g of
soll for mulanje soll, and 25 ml for Dedza soll.
Samples were taken at 3 week intervals over a total
period of 12 weeks to study:
1. Total-, 1norganic-, and organic-P by 1gnition at
550°C and 2N H,S0, extraction;
ii. Adsorption of P. This was done by shaking 1 g (air-dry
equivalent) of soll with a 0.01M CaCla'solution contain-
ing 50 ug P/ml for 48 hours.
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‘Atétheiend of 15 weeks additional analyseb were carriedl out:
oy, NaHCO;-extractable total-,finofganic4,‘and organic-P
were determined;
11, NO;” and NHu+ were determined in 2N KCl extracts by
Kjeldahl distillation;
$i1. pH was determined in 0.01M CaCl,.
Wet and Dry Incubation
The same Mulanje and Dedza solls were used in this study.
Preparation of the samples was the same as 1n the treatments
incubated cont’nuously moist. The room temperature treatments
were excluded. The samples were alternatively wetted and dried
at one week intervals at a temperature of 35°C for a period
of 8 weeks, after which the following studies were made:

1. Total-, inorganic-, and organic-P by ignitlon procedure.
as described before; and also by 0.5N NaHCO3 extraction
procedure;

11, Adsorption of P, as described before, but using a solu=-
tion of 25 ug P/ml.
111, Fractionation of inorganic P as described before, but
this time only the Al-P (one hour extraction), Fe-,
and Ca-P were determined, tégether with the bicarbonate
extractable P;

1v.,N03' and NHu+ were determined as beforé.



RESULTS AND DISCUSSION

Characterization of Soil Samples

Physlcal and chemical properties

Some selected analytical data for four Malawil solls are
given in Table 1. The pH of the soils reflects the differences
among the solls, as do the other phynsical and chemical pro-
perties. The pH as measured in water 1s higher than the pH
measured in 0.01M CaClQ, 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 Tabie 1 for the Mulanje
series are characteristic of a highly weathered lato&ol - a
Ferrisol (believed to be an Ustox in the USDA new classification)

The relatively high amount of exchangeable bases for
the Bunda soll are characteristic of the less weathered
Ferruginous latosols (Ustalf). Bvumbwe2 series is believed to
be a Ferrallitic latosol, or Eutrorthox by the USDA new classifil-
cation (Ref.: Bvumbwe Agr. Res. Sta. Soil Map, unpublished). The

fact that 1t 1s a Eutrorthox 1s not reflected in the slightly

lower exchangeable base cohtent than is usually exvected. Al=-
though the Dedza serles 1s classfled as a Ferruginous latosol
(Young and Brown, 1964), this 1s not reflected in the analytical
data 1n that the top soll (0-15 cm) has low exchangeable base
content compared to the highly weathered Ferrallitic soil from
Bvumbwe. Thils 1s based on the assumption that Ferruginous
solls are the least weathered while the Ferrallitic soils are

the most weathered, with the Ferrisols as intermediate (Brown,

-25-



Table 1. Some

chemical characteristics

of the four Malawl soils (0-15 cm).

pH Exchangeable bases BaCl
so11 ¥ ¢ H0 cac1 K Ca Mg  Sum  Extr. acid. C.E.C. Base sat.
. % -meq/100 g 4
Mulanje 1.52 4.8 4.2 0.10 0.24 0.30 0.6k 14 17.2 3.7
Bvumbwe 1.99 5.6 5.2 0.39 4.11 1.55 6.05 5 18.8 3a.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.h0O 9 15.5 47.7

Mulanje soil

Bvumbwe soil

Dedza soil
Bunda soil

Ferrisol (Ustox);
Ferrallitic latosol {Zutrorthox);

Ferruginous latosol (Ustult?);
Ferruginous latoscl (Ustalf)

ae-
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1964; Young and Stephen, 1965).

The cation exchange capacity, on the other hand, does not
refleet the relative age of the solls. The catlon exchange
capacity of the MulanJe soll and that of Bvumbwe soll 1s sur-
prisingly high. This 1s probably a reflection of the higher
organic carbon content of these two solls. There 1s a high
correlation of the organlc carton and the C.E.C. (r = 0.9),
and organic matter apparently contributes a xonsiderable pro-
protion of the C,E.C. as measured by neutral N NH,OAc. Pratt
(1957) pointed out that the organic matter may contribute as
much as 4.9 meq for every per cent increase in organlc carbon
(490 meq/ 100 g organic matter). Young and Stephen (1965),
worked with high altitude Ferrallttle latosols (Ustox) of high
organic matter (5-10 per cent) which had total exchangeable
cations as high as 10 mea/100 g soil in the top soll, 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 soills showed a wide range of particle size dis-
tribution ranging from as high as U8 per cent clay for Mulanje
soll to as low as 22 per cent clay for Bunda soll (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, respectivelv.
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Mineralogical properties
The random powder XRD patterns showed that the predominant
mineral in the sand and silt fractlons 1is quartz, although there
are traces of apatite in the Dedza and Bvumbwe solls, and this
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 Malawl soils.

Sand 311t Clay
Sample 2.0-0.05 mm 0.05-0.002 mm <0,002 mm
%
Mulanje 42 10 48
Bvumbwe 48 : b U 38
Dedza 49 U 36
Bunda . 67 ‘ 11 , 22

Bunda soil, although there was no sign of the presence of the
3.51 K 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 slze frac-
tions (Figures 2 to 5) indicates a wide range of varliations wilth
respect to mineralogical composition which may reflect differences
in the degree of weathering that these solls have undergone.
Kaolinite is the predominant mineral in all solls as shown by xnb ‘
peaks at 7.2, 3.58, and 2.38 K units. Gibbsite 1s present in the =
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endothermio peak, indicating the presence of kaolinite,

With values estimated in the order of 43, 48, Sk, and 45 per
eent for Mulanje, Bvumbwe, Dedza, and Bunda solls respectively
(Table 1),

Table 1., Miperalogical composition of the clav size fraction.

(€0,002 mm) of solls from Malawl.
Sample Free Fe,0 Free Al,0, 4ibb Kaol Amorp Total

3 3
i .
Mulanje 11.0 0.1} 13 h3 20 88
Bvumbwe 11.0 6.10 - W8 26 85
Dedza 9.2 0.11 6 sk 19 88
Bunda 10,0 0.10 - W5 2l 76

Me Chb=extpractable fpron oxlde content (Table 1) which
tneludea both crystalline  and amoprphous forms, d1d  not vary
much among the soll clay fractionz. This s In contrast to
the notable differences in the other chemical and phynical
propertics of the solls (Tables 1-31). The nearly uniform iron
oxide content of the clay fractiona {3, however, in agreement
with the “saturation" eoncept of D'Hoore (194%0) fn which clay
mineral surfaces accumulate tron oxldes, Although 1t depends
on & number of factors, occurprence of thin procesns should caune
the {ron oxtde contents of 201l clay fractions, of from not too
disgimilayr parent materials, to tend towards n conhstant orp
"eaturation” value atl whieh all c¢lay mineral surfaces are coated
with lron oxtden, D'Hoopre aprprived at avalueof 10=-12 per cent
iren oxtde copntent ag the naturation point, 'The content of

iron oxide in the preasent situation, 9=-11 per cent, is near
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D'Hoore's value. The presence, however, of crystalline iron
oxides, goethite and hematite, in the soll clay fractions
would mean that not all of the iron oxides (Table 3) are
assoclated with clay mineral surfaces and that further study
would be necessary to explaln the exact mode of occurrence
of iron oxldes in these soils.
Table 4. Composition of materials as extracted by 0.5N NaOH

(Hashimoto and Jackson, 196C).

——A1,0

2
Soil 510, Total Gibg Amorp Fe203 8102/A1203
7
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 appreclable
amount of the soll clay fractlions. This 1s 1in agreement with
results reported on other highly weathered soils (Moniz and
Jackson, 1967; Weaver, 1972; 1974). This amorphous material
is probably a weathering product of kgolinite and may be an
intermediate stage 1n a weathering sequence as suggested by

Moniz and Jackson (1967):

Kaolinite > Amorphouéé-——————€> Gibbsite
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The fact that the soil clay fractions which contained gibbsite
(Mulanje and Dedza) also contalned lesser amounts of amorphous
materials is in support for the above sequence. In addition,
8102/A1203 ratios of the amorphous materials were conslderably
less than 2.0 which 1s the 8102/1\1203 ratio for kaolinite, This
means that the amorphous materials have been enriched in A12O3
and/or depleted in S10, relative to kaolinite.
Table 5. Actilve 8102, A1203, and Fe203 extracted from clay

fractions by 0.5M CaCl, at pH 1.5.

Sample 810, A1203 Fe203 SiOz/Alzgi__
—g/g clay

Mulanje 3190 5440 1130 1.0

Bvumbwe 5220 6050 1090 1.5

Dedza 5320 5220 1420 1.7

Bunda 5640 4740 1740 2.0

The amounts of "active" amorphous materials (Table 5)
as extracted by 0.5M CaCl, of pH 1.5 (Tweneboah et al., 1965) were
much lower than that extracted by the more vigorous, bolling
0.5N NaOH procedure of Hashimoto and Jackson (1960). Presumably
the extraction procedure of Tweneboah may be consldered to remove
surface-active amorphous components of the clay fractlion that
largely determine the surface charge properties of the solls.,
Interestingly erough the 8102/A1203 ratios of the materials
extracted by the Tweneboah procedure were higher than those of
the Hashimoto and Jackson extraction (Table 4). This 1s 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 séils
was positively correlated with the active SiO2 content of the
clay fractions (r = 0.71), and also with the 8102/A1203 ratios
of the clay fractions (r = 0.89). Presumably for these Malawl
solls, as was described for those of Brazil, the quartz which
dominates the sand fractions undergoes a slow, 1lrreversible
dissolution to release monosilicic acid Si(OH)u, which 1s

then adsorbed by the aluminous surfaces present 1n the clay
fractions.

It should be pointed out that the sum of the mineraloglcal
components in Table 3 are considerably less than 100 per cent.
The differences probably result from uncertainitles 1n 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 1lndeed
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 soll 1s more
weathered than the other solls, and Bunda soll 1s the least
weathered, with Bvumbwe and Dedza solls 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 solls. The former has been deslgnated as an Oxisol but
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contains no gibbsite, while the Dedza soil, classified ad
a Ferruglnous latosol (Alfisol?), has gibbsite in the clay frac-
tion. Generally speaklng, Oxlisols are consldered to be more
highly weathered than Alfisols. However, 1t 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 fractlons.

Results of the 1norganic phosphate fractions are summarized
in Table 6. It was observed that on the average, the 0.5N
NHuF- extractable Al-P was the predominant form of inorganic
P, with values In the order of A1-P (148 ppm), Red-P (110 ppm),
Fe-P (104), second NH,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 solls under study was much greater than the
values reported by Weaver et al. (1975) for some highly weathered
soilé of Puerto Rico. The soils from Malawl seem to have rela-
tively higher contents of adsorbed P, with results ranging from
a low of 60 ppm P for Mulanje soll 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

solls.
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The results reported in the present study (Table 6) are not
in agreement with what has been reported for some soils of the
humid tropics. Generally, it has been shown that in highly
weathered, acild solls, Ca-P (apatite) readily weathers to form
Al-P, Fe-P, and reductant-soluble-P (Chang and Jackson, 1957;
Ysu and Jackson, 1960; Dahnke et al., 196k; Weaver et al.,
1975). Thus with increasing weathering the order of abundance
should be Red-P»Fe-P>Al-P>Ca-P. The Malawl solls agree with
the latter sequence only in that Ca-P 1s the fraction present
in 1lowest amounts.

The greater amounts of Al-P in the Mulanje (118 ppm P)
and Bvumbwe (220 ppm P) soils 1in relation to that of Fe-P may
reflect recently fertilized soils, thus supporting the theory
that there 1s a strong and rapid formation of Al-P whilch, 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 epplication,
there was a relative decrease of Al-P and increase 1n 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.

Soill 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 4 148 113 719

Dedza 87 153 154 30 124 112 660

Bunda 88 103 104 36 91 70 Lg2

Mean 79 149 105 31 110 g0 562

Al-P - corrected;
Fe-P - uncorrected;

Al-P¥. NHuF-extractable Al-P after citrate-bicarbonate-dithionite extraction
of reductant-soluble-P.

-I"—
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ff In addition to the effect of recent P fertilizer additions, L
the relative high proportion of Al P to Fe-P may in part be a
result of some of the modifications incorporated into the
fractionation procedure. For example, the 0.5& NHuF extraction
for Al-P had been changed from one hour as suggested by Chang
and Jackson (1957) to 24 hours as suggested by Fife (1962) and
this may have resulted in the removal of inorganic P that would
otherwise have been estimated as Fe-P. Furthermore, application
of the correction for adsorption of P by active iron oxides
during the NHMF 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 12 ppm respectiyelv)
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 probhablyv
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 NaHCO3-extractab1e P was negatively correlated with per
cent clay (r = -0.828). This 1s somewhat unexpected as ordinar-
11y it 1s the clay fraction or minerals assoclated 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.
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It was also found that the amount of bicarbonate extract-?j

,able P was correlated with the amount of SiO2 extracted by, ipi;
0. 5M Cac12 of pH 1.5 (r = 0. 978) and to the 8102/A1203 ratio ffﬁ
of the acldified CaCl2 extracts (r a 0 9"8) Apparently, the "
degree of the silication of the amorphous surfaces of the clay;k
fractions has an important influence on the amount of adsorbed-~
P, and the greater the proportion of active SiO2 the greater
.the,amount of adsorbedjorvbicarbonate—extractable P. This would
also'explaih &5y the adsorbed P content 1s 1inversely proporf‘
‘tional{to the clay content as noted above. That is, 1t  has
beensshoWn previously thatvthe amount of active SiO2 and the:
active 8102/A12 3 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-
sonbedsP‘content@ it would_indeed be expected that adsorbed P
should increaSe;as”thchlay.cbntent decreases, in view<of'the
forementioned'relationship between soll texture and degree‘of
silication. ‘ |
Some recent work by Hingston et al. (1974) on the desorp-
tionfof P from goethite (FeOOH) and gibbsite (Al 03-3H20),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 Fe or Al

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


http:explanation.of

conplex as gtven below:

,;Monodentate, reversibly adsorbed Bidentate, irrevereibly

7 ¢bicarbonate-extractable adsorbed, non-bicarbonate-
R SETI L S ' ' extractable. ‘

-[ﬁééauséfaf*the increase”in entropy that probably results from
: ring formation, the bidentate complex is probably more stable
vthan the monodentate complex, and while it has not been veri-
'fied experimentallv, it is within reason to expect that the
monodentate complex should be much more 11ke1v to be extracted
by NaHCO3 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
‘tseem plausible that an increased amount of adsorbed silica
‘lwould have the effect of 1imiting tbe potential adsorption sites
flin which P could form the bidentate complex. Up to a point '
\'then,with increasing degree of silication, the form of aasorbed

- P might be: increasingly the more labile, monodentate complex.

"TTTotalgphosphorus .
‘ The results of the HClOu-extractable total phosphorus (PT)“

';.:using Jackson s procedurd“

'1958)‘are'shown in Table 7 It is

ght~noted that the Dedza soil,_hich ha__the 1argest pool of total P.~f

nlv’5 per cent of the total :extracted by

- i.}NaHC03,:whereas the‘Bunda soil which has only 835 ppm total P


http:only,.:.35
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had'loipér cent of the total extractable by NaHCO3. The values
for the ratio of the sum of the inorganic fractions and total

P (PI/PT) suggest that nearly half of the total I' in the solls
is present as organic P. Interestingly enough the Dedza and
Bvumbwe soils which gave apatite XRD peaks in the sand and sllt
fractions at 2.76 and 2.712 K, are the solls 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 per cent

of total.
Soll Total-P (PT) PI Adscrb-F PI/PT AdsorL/PT
-ppm ) y 4
Mulanje TUY 376 60 50 8
Bvumbwe 1250 719 79 57 6
Dedza 1630 661 87 B} 5
Bunda 835 491 88 59 10

Adsorption of phosphorus

Phosphorus adsorptioun isotherms were used 1n this study for
the characterization of the solls with regard to phosphorusn re-
quirements. Figure 7, Table 8 and Appendix 2 summarizc the ro-
sults. The data were interpreted in terms of the Freundllich
equation (X = ke™) and the Langmuir equation (% " E% + %). 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
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Figure 7. P adsorption isotherss of the four soils froa Malawi.
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Table B. Some adsorption data for the four Malawi soils.
sorbed P at 0.2

Soil Adsorption maxima pom 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
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ocreased the requirement for ” saturation.

Fox et al., (1968) suggested that the values of adsorbed P
at 0.2 ppm P in the supernatant solution can be used to evalu-
ate the P requirements of Hawalian solls for maximum plant
growth, It the requirements for the four Mulawl solls are
caleulated on the same basis, the values are In the order of
375, 20%, 115, and 27 ppm P for Mulanje, Bvumbwe, Dedza and
Bunda soils, respectively. As predicted from adsorption
{sotherms in Flgure 7, the sandler and least weathered Bunda
soil does not reaquire much P whereas Mulanje s0ll, which 1is
highly weathered requres a much higher P
Table 9. Relationship between P adsorption maxima and soll

properties,

Soll property Corr, coeff, Regression cquation
Clay (7) 0.96 Y = -438 + 28.2X

CBD Fe,04 (%) 0.98 Y = =324 + 2h1X
NaOH-A1,0, (%) 0.91 Y = =344 + 114X
Aetive Fe, 03 (0 0y 0.58 Y = =579 + 2.5X
Active A1,04 (ug/g) 0.98 Y = =330 + 0,46X
Active SiOQ/A12O3 -0.95 Y = 1,681 - 710X
Base saturation (%) -0.78 Y = 935 - 13.5X

pH (H2O) -0.85 Y = 3,386 - 510X

pH (CaCl,) -0.83 Y = 2,885 - 467X

application. On the average, the values in the present study are
much lower than those reported for the highly weathered solls
of Hawall (Fox et al., 1971), Puerto Rico (Weaver et al., 1975),

or Brazil (Weaver, 1974). The requirements for some Hawallan
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soll were as high as 1200 ppm P,

The results of simple regression analyses that relate the
phosphorus adsorption maxima to soll properties are listed in
Table 9. The values of CBD Fe203; active F9203 and A12O3;

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

3
were ree-calculated on a whole solls basls prlor to determin-
ation of the regression relationships. Overall, the results
show that clay content and oxlides of aluminum and 1ron are
highly correlated with the adsorption maxima which 1s generally
found for acid soils (Hsu, 1964). The contribution of the clay
probably results from the fact that the 1ron and aluminum
oxldes, active 1n P retention, predominantlv occur in the

clay sized fraction.

It 18 of 1interest to note that the active Fe203 content
or that extracted by 0.5M CaCl2 of pH 1.5, was not too well
correlated with the adsorption maxima., This has aiso been ob-
served for some Oxisols from the Central Plateau of Brazil
(Weaver, 1974). In latter study, it was found, however, that
the active Fe, 0, contents were highly correlated with the

273
organic C contents of the solls. It was suggested that the

iron extracted by 0.5M Ca012 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 actilve 8102/A1203
ratios were inversely related (r = -0(.95) to the adsorption

maxima. This relationship in combirnation with the one shown
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previously - that the active 8102/A1203 ratios were correlated
with the sand content, 1s 1dentical to earlier observations re-
ported for some Brazilian Oxisols (Weaver, 1974). The basis of
this relationshlp as described by Weaver, 1s that the slow
dissolution of quartz 1in the sand fractlions, over long periods
of time, produces monosiliclc acid which is adsorbed by alumi-
nous surfaces in the clay fraction. The nature of quartz dis-
solution causes the actlve 8102/!\1203 ratios of clay fractions
to be proportional to the sand (quartz) content.

Determination of organic phosphorus

Table 10 shows the average vaiues for all the solls from
Table 11 to 14 for the extractable total-, inorganic-, and
organic-P 1/. In general, the ignition methods - 240°C or
550°C, both mild (0.2N H,S0,) and vigorous (2N H,50y) extrac-
tions gave higher values for the organic P content of the four
acid solls 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 1s somewhat different from the results of Bornemlisza and
Igue (1967) who found that the Mehta extraction method gave

larger estimates of organic P than lgnltion methods or Omotoso

1/ Total P (Pt) in this section refers to the sum of 1lnorganic
(Pi) and organic (PO) P extracted bv a given procedure for or=-

ganic- P. It will not necessarily be ldentlical to the total P
(PY) value as glven by €10, digestion nor will values for in-
organic extractable P be identical to the sum of the 1lnorganic

fractions as determined in the previous section (PI).
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(1971) who could not find any difference between extractipn
and ignition methods when applied to Nigerian solils.

On individuél soil basis (Tables 11-14), 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 extractlon method gave higher values for
total P (Pt) than either of the ignition methods, and the
ignition method with mild extractlion gave the least values.

The higher values of total P for extractlon gave the least
values. The higher values of total P for extraction methods as
compared to ignition methods have been noted by Bornemlsza

and Ipgue (1967). It 1is believed that pretreatment with concen-
trated HC1 plays an Important role in faclilitating the extrac-
tion of orpanle P by removing Ca, My and other polyvalent ca-
tions that may causce precipttation of dluseolved orpanic phos-
phates, and ‘also dlsinteprates clay complexes, thus releasing
adsorbed organic P (Saxena, 1964).

The extraction methods also gave about twice as much
inorganic P as did the 1gnitlon methods. Thia strongly suggests
that the lower estimates of organic P as obtalned by extraction
methods 1s a result of hydrolysis of organic P during extraction
rather than Incomplete extraction. This 1s 1n agreement with
Enwezor and Moore (1966a) who worked with 11 Nigerian solls and
found thnt the extraction values for organic P were only half

those of ignition.
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Explanation of the type of methods used 1in Tables 8-12,

Anderson - 0.3N NaOH; conc. HC1l then cold and hot 0.5N NaOH;
Mehta* - conc. HC1l and cold and hot 0.5N NaOH; 0.3N NaOH;
Anderson¥*- 0.5N NaHCO3; then as Anderson above;
Ignition I - Ignited soil at 550°C minus unignited soil
(2N stou)
Ignition II - As above, but using 0.2N stou.
Ignition III - As ignition I, but at 240°C;
PT-PI - PT is total-P in HClOu digestion; PI is sum of inorganic
P fractions.

Total P - Sum of 1norganic and organic P

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

organic-P for four Malawl 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
Pp =P 1113 562 551 h9.5

T I
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. Table 11. 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
Mehtat 705 574 131 18.6
Anderson# 598 L61 137 22,9
Ignition I 526 | 262 264 50.2
Ignition II 298 137 161 54,0
Ignition III 375 262 113 30.1
P, - P T4l 376 368 49.5

T 1

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
Andersont 1038 813 225 21.7
Ignition I 992 528 Lok 46.8
Ignition II 684 311 373 54.5
Ignition III 878 528 350 39.9
PT - PI 1250 719 531 ha.s
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Table 13. A comparison of different methods for estimating

total-P inorganlc-P, and organlic-P 1ln Dedza soll.

Method Total-P Inorganlc-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 % Organlic-P
Anderson - 700 586ppm 113 16.1
Mehta* 725 597 128 17.6
Anderson#* 627 500 127 20,2
IgnitioniI 638 372 266 h1,7
Ignition II 452 238 214 47.3
Ignition IiI 564 372 192 34,0
P, - P 835 491 344 41,2

T I
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Except for the Mulanjé soll (Table 11), tlie Anderson
metHOd ga?e,the least estimates of organic P, followed by the
Mehta-modified method. Pre-extraction of the samples with
0.3N NaOH ie pelieved to remove some of the organic P that may

‘be hydrolyzed by eoncentrated HC1 (Anderson, 1960). In the.
present study, the Mehta-modifled (concentrated HC1, cold and
hot NaOH and 17-hour extraction with 0.3N NaOH) and the Ander-
son method (17 hour extraction with 0.3N NaOH, concentrated
HC1l, 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 soll with
0.5N NaHCO3 + 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
elther the Mehta or the Anderson methods. It may indicate
that there 1s 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 1increase with increasing temperature at
which organic P 1s extracted, but also as the pH of the ex-
tractant is increased. Furthermore, pre-extraction of the

samples with HCl1l increased organic P extracted by NaHCO3,
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andﬁthe results Were in’the order of 98 per cent of . the total

organic P estimated by Mehta et al method. Thus. the present h:
odification of the Mehta—Anderson procedure is superior to ‘f

the original methods, although small number of samples makes it

difficult to makefconcrete recommendations. |

Although all eof the ignition procedures gave higher esti~
mates of organic P than did the extractlon methods, there was
considerable difference 'among the ignition procedures. With
ignition at 550°C, the -2N stou extractant gave much larger
estimates of organic P than that of 0.2N H,S0,. This 1is pro-
bably due to the fact that a proportion of organic P mineralized
by'ignition has formed reaction products with iron and aluminum
oxides whlch are not attacked by the weaker 0.2N H,30), extract-
ant. Similar results have been reported for other highly
weathered soils (Bornemisza and Igue, 1967; Weaver et al., 1975).

Ignition temperature (550°C versus 240°C) also influenced
the organic P estimates with the higher temperature giving the
largest estimates presumably as a result of more complete oxida-
tion of organic P. The tendency for the 550°C ignition temper-
ature to give higher values of organic P is greater in the Dedza
soll (Table 13) for which the 550°C treatment gave 857 ppm
organic P while the 2H0°C gave only 238 ppm.

In addition to incomplete extraction and/or incomplete
oxidation which lead to low estimates of organic P, ignition
-procedures can glve erroneously high estimates if there is an
'inpreased extractabilitv of the inorganic P induced by ignition.?
Black and Goring (1953) reported that ignition may increase the

: A41n+p_an1d sn]ubilitv of certain naturally occurring iron ,and
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;¥a1”’1'um phosphates. Williams et al.- (1970) found that for :

'Vanodules from strongly weathered soils - dominantly Composed

5,¥fof gibbsite and kaolinite - extractable inorganic P increased

?xgsharply between 550°C and 650°C. Norrish (l968) found tha* o

":ﬂthe Plumbogummite group of phosphate minerals when heated above

‘fM00°C lose their structural water and become amorphous in
’which form they can be'extracted by 0.2N or 2N H sou. This
dwould 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 extractabllity

tof 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

feffect on ‘the inorganic P. Hance and. Anderson (1962) arrived

j7at a similar conclusion in a comparative studv of ignition
versus extraction methodu. |

A somewhat independent approximate estimation of organic
fP is given by the following.qv' T o

B

Where. Py =

| 'Jackson (1958),‘ =

PI,"'

= total P as determined by the HClOu method of

-}ation results as determined;fy the method of Chang

= sum of inorganicTP‘fractions from the fraction- ‘

f}and Jacksonﬁ(l957)
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Looking at each soil individually (Tables 11-14), the Py - P;

gave the highest estimates of organic P, and the values are
closer to those of ignition values than those of extraction.
This procedure gilves a very approximate estimate of organic P
since not all the inorganic P fractions may have been completely
‘pemoved. An example of such an inorganic fraction would be

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

A summary statement 1s not easy to make but it seems that
the method of ignition at 550°C followed by 2N stou extraction
is the most suitable one for estimation of organic P 1in these
Malawi soils. This method apparently glves the maximum extrac-
tion of organic P with a minimum hydrolysis. Furthermore, the
simplicity of the lgnition method, compared to the extraction

techniques should enable more reproducible results to be obtained.

Incubation Studles

Continuous incubation

Inorganic and organlc phosphorus.

- The inorganic and organic P contents of the continuously
mbist incubated samples, as gilven by lgnition at 550°C and 2N
HZSOH extraction, are shown in Flgures 8 and 9 and in Table

15. As suggested by Wier and Black (1968), mineralization of
organic P was taken as the average of the increase in in-
organic P and decrease in organic P as compared to unincubated
samples. Thus an increase in inorganic P was assigned a posl-
tive s1gn while a decrease was given a hegative sign, For
‘QrggnidéP;,an increase was glven a negative sign and a decrease, -

'*aﬁﬁééifiﬁé;éigﬁ;;'In”this manner if the algebraic average of the |
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- 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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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: Mulanje Dedza
Treatment Week AI.P. AO0.P. Ave. AI.P. AO.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

0% org. res. 22°C 9 16.2 14.2 15.2 54,4 -47.3 3.6
Lo 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
S 6 -11.1 -7.5 - 1.8 -2.7-0.9 -1.8
2% org. res. 22°C 9 - 6.8 9.5 1.4 -37.9 -65.1  -51.5
EE 12 10.9 5.6 8.5 6.9 -54.4  -23.8
EAT 3 9.5 --2.1 3.7 0.9 -33.6  -16.4
~..0% org. res. 35°C 6 14.9  15.7  15.3 34.9 -55.1  -10.1
o 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 -25.4 -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 -U6.0  -21.4

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

- H0O.P. - change in organic-P as compared with zero time of incubation.

—89-
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changes in inorganic and organic P has a positive sign, 1t
indicates a net mineralization of organic P to inorganic,
whereas a negative sign means that there was a net lmmobiliza=
tion of inorganic P to organic P.

From Figures 8 and 9 and Table 15, it 1is 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 lnorganic 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 1initlal period of apparent immo-
bilization was attributed to microbial assimilation of inorganic
P. It has also been observed that the tendency for lmmoblli-
zation increases along with the level of avallable P (Enwezor,
1967).

The effect of added ground corn stover for both solls was
t6 1increase the extent of immobilization in the early stages
of 1ncubation which was carriled over into the later stages of
incubation period. According to Birch (1961), who studied
phosphorus transformations during plant decomposition, the i1nor-
ganic plant P may be utilized by microbial populations and the
recovery of this microbial organic P which was synthesized from
both plant and soll inorganic P during the early stages of de-
composition will depend r..marily 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 thié'study,.the déf
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compositon can be relatively slow and the exhaustion of the
substrate does not occur as readlly as for younger tlssues.
Hence, the observed, longer-lasting immobillzation 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. Thls is 1n
agreement with Acquaye (1963) who found that for some solls
of Ghana, more organic P was mineralized at 50°C than at 27°¢C
or 40°C. 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 solls.
The Mulanje soil, after an initial immobilization of 1norganic
P, gave a net mineralization of organic P during subsequent
perlods. For the Dedza'soil, there was also an initial im-
mobilization of inorganic P. Subsequent mineralization of or-
ganic P did ocecur, but only for the sample incubated at 35PC
and without organic matter, was there a net mineral;zation of

~‘organiec 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 studv, 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 soll. The decline
in pH after incubation was also much greater 1in 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 1in-
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 soll
inorganlic constituents iIn such a manner as to become non-extract-
able to bicarbonate. It 1s also a possibility that the inorganic
P was immobillized into a form of organic P that 1s 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 stou extraction
in which marked changes in inorganic and organic P were observ=-
ed as a result of ilncubation. It would appear that the
dllute alkall-extractable P - organic or inorganic - does not

actively participate in immobilization or mineralization re=



Table 16. pH determined in

0.01M CaCl, for the incubated and unincubated

soils.
Treatment: 1/ 1 II IIT Iv \'A A2 VII VIII
Mulanje
.25 4. .45 5.99 6.20 5.18 5.46 5.02 5.23
Dedza
4.64 5.02 5.02 5.33 4,83 s5.44 .70 5.23
1/
I. Zero time, 0% organic residue, no lime;
ITI. Zero time, 2% organic residue, no lime;
IIT. Zero time, 0% organic residue. lime added;
IV. Zero time, 2% organic residue, lime added;
V. 15th week, C7 org2nlc residue, room temperature;
VI. 15th week, 2% organic residue, room temperature;
VII. 15th week, 0% organic residue. 35°C.
VIII. 15th week, 2% organic residue. 35°C.

-99-



Table 17.

NaHCO,-extractable total-

3

Iincubated and unincubated samples.

» lnorganic-,

and organic-P for

Soils: Mulanje Dedza
Treatment 1/ Inorg. Org. Total Inorg. Org. Total
prm
I 24,6 15.1 39.7 43.9 9.2 53.1
1T 46.6 14.9 61.5 69.7 9.2 78.9
ITT 23.1 13.6 36.7 he.2 10.9 57.1
v 24,2 16.7 40.9 k5.8 14.5 60.3
v 21.0 12.7 33.7 4s.4 9.4 54.8
VI 23.6 13.2 36.8 42,4 10.6 53.0
1/
I. Zero time, 0% organic residue;
IT. Zero time, 2% organic residue;
;II. 15th week, 0% organic resiiu~, room temperature
IV. 15th week, 2% organic residue, room temperature;
V. 15th week, 0% organic residue; 35°C;
VI. 15th week, 2% organic residue, 35°C.
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actions.

Mineralizable Nitrogen.

The amounts of inorganic nitrogen (Table 18) present in
the soills 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 organlc residue was added at both temperatures.

On the other hand, there was a marked nitrogen mineralization
in both 30ils at both temperatures where no organic material
was added, with greatest values 1n the samples that were 1n-
cubated at 35°C. This is similar to organic P mineralization
as estimated by changes in inorganic and organic P (Table 15).
The results clearly 1indicate that mineralization of organic

P accompanles the mineralization of nitrogen. Thils 1s identi-
cal to the results of Thompson et al. (1954).who found that
organic P mineralized af loec 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 accompanles 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 1s that the in-

- organic P released by~minerqlizatiqﬂ,méyQhé;precipitated.by



Table 18. Inorganic nitrogen in incubated and unincubated samples.

Soll: Mulanje Dedza
Treatment 1/ NHZ—N NOE-N Total-N NH}-N NQ;-N Total-N
' ppm

I 0.51 0.33 0.84 0.63 0.32 0.95

IT 0.35 0.54 0.89 0.42 0.39 0.81
ITI 0.10 3.31 3.1 0.17 2.98 3.15

Iv 0.23 0.79 1.02 0.11 0.08 0.19

\' 0.08 2.34 2.42 0.08 5.90 5.98 g:
VI 0.23 5.11  5.3% 0.1k 0.%1  0.55 v
1/

I. Zero time, 0% organic residue;
II. Zero time, 2% organic residue;
ITITI. 15th week, 0% organic residue, room temperature;

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

=

15th week, 0% organic residue, 35°C;

VI. 15 week, 2% organic residue, 35°C.
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Figure 10, 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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Figure 11, Phosphorus recovered (ug/ml) after 1000
ppm phosphorus were equilibrated for 48
hours with one gram samples from soils
incubated at 35-C. '
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‘amorphous aluminum hydroxides and iron oxides (Birch l961

Frien;fand Birch 1960).Athus reducing the availability to B
-plants.‘ In view of this fact the adsorption of P from a o
constant amount of added phosphate (a single—point method)

'was determined at various times during the incubation period.

It was assumed that the equilibrium solution concentration

A t

may reflect the adsorption of inorganic P that has been pro-.

‘duced by mineralization of organic P.' The results (Figures 10

and ll) showed that P adsorption of tpe»MulanJe\soil was de-
Lo e Y
.creased by the addition of organic matter whilé‘increased
I t
incubation temperature decreased P adsorption for'hoth Soils.

t The decrease in ph?sphorus adsorption in, the presence of
2 \ | .‘ -
organic matter could “he a, result pf several - factors. First,
- L
the adsorption-of inorganic ‘P present in the organic matter

and that from mineralization of organic P woulo decrease the

\ i 1,

number of P adsorption sites. Secondly, carboxylic and phenolic
functional groups of\the organic matter degradation products
could have reacted ‘with P adsorption sites.v Othieno (1973)

attributed the latter as the reason why organic mulches im-‘f

proved utilization of applieo P for some acid soils of East
~Africa. Thirdly, the addition of organic matter generally
caused an increase in pH (Table 16) which should mean a re—‘
duction in the number of protonated surface-hydroxvl groups
which are active phosphorus adsorption sites (Muliadi et al.,
1966). The neutralizing effect of organic matterﬂwas'also
noted by Santiago (1972) who found that organic matter was
active in the inhibition of aluminum toxiclty 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
soll, or to the fact that there 1s not much mineraliztion of
organic P in comparison to.MulanJe sbil.

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 (22°C) to 3550 (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 assocl-
ated with increased temperature resulted from changes induced
during incubation. These chanées could very well be some of
those mentioned above for the effect of organic mattef, and
the increased incubation temperature could have caused them to

proceed to a greater extent.

Wet and dry incuhation

Inorganlc and organic phosphorus.

To further study phosphorus transformation, a second incu-
batlon experiment was conducted by alternate wet and dry incu-
bét1on at one week cycles at 35°C. Figures 12 and 13 illustrates
fhe‘nature of the activities, and 1t 1s evident from the results

that there 1s a great variabillty in the hehavior of P, hoth in
the inorganic and organic fecrms. Overall, for both solls, with

and without added organic matter, there was an initial mineral-
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'7iééﬁidn'of'0rgahic.ijoliéﬁéd5by a period of immobilization
-?aﬁdiﬁhen ahoﬁher period of mineralization. Furthermore, in
the firSt'half offthe‘incubation period, mineralization of
6rganic P was associatéd‘with moist incubation and immobiliza-
with dry incubation. 1In thé‘second half of the incubation |
period, theipattern was reversed and mineralization was
assoclated with dry'incubation and immobilization with moilst
incubation. |

Birch'(1959; 1960a) has shown that when a dried soil is
wetted, a portioﬁ of the éoillorganic matter ' is made more
accessible to microblal attack and this causes a "flush" of
cérbdn dioxide and nitrate production. Thils could indeed
be the reason for mineralization of organic P during the moilst
cycles in the first half of the incubation period. The apparent
dominance of 1mmohilization during the dry cycles may be a
refiection of a depresslon 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 reyersal of the mineralization-immobili-
zation patfern.in tﬁe last i weeks of the incubation period
cannot~be.definite1y stated.’ Birch's studies (1959; 1960a) on
the éffect~of,wetting énd dryingashowéd that the flush of mineral-
'1zg£ion of carbon and nitrogen was a.qontinuous process and the
_hégnitdde decreased only 810w1y: ﬁith thé number of times of
'wéﬁting and drying. 'Apparentlv the influénce of wetting and
drying on the mineraiization of organiciP may<be more compli—

cated than that on carbon or nitrogen mineralization.
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Figure 12.
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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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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 immobilizatlon or mineral-
ization processes that occurred during continuous, moist incu-
bation. However, comparison of the wet and dry incubation re-
suits (Fig. 12 and 13) with those of the moist incubatilon
(Fig. ‘8 and 9) indicate that this was not necessarlly 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 soll, while with moist incubation the opposite was
found with the Mulanje soil having a greater mineralization of
organic P than the Dedzé soll. 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-
izatioﬁ 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

an initial immobilization after which theﬁe was a slight net



-g.s

-5.0

Mineralization of phosphorus (ppm)

- 77 -

‘Mulanje

--== Dedza I

‘time in weeks

Figure 14, NaHCO5 extractable P.
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Figure 15a. Bicarbonate-extractable inorga-

nic and organic phosphorus of
Mulanje 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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mineralization of organic P. This pattern was most pronounced
for the Dedza soll. At the end of the experiment, however, the
sollishad largely retdrned to thelr initial values.

For the samples which were incubated with added organic
material, (Fig. 15a, b) the most notable feature was the rapid
conversion of the relatlvely large amount of inorganic, blcar-
bonate-extractable P to a non-extractable form. Inasmuch as
there was ot a corresponding increase in the bicarbonate
extractable organic P, the decrease 1s probably a result of an
inorganic fixatlon reaction. There was, however, some evidence
of microblal activity. In one of the duplicates of the Dedza
soil, there was a white-colored mycelial growth observed at
the second week of incubatlion. Colncidental to this, there
was an increase in organic P and a decrease 1n lnorganlc P in
the same sample relative to the sample where there was no
mycelial growth. The effect of fungl in immobillizing P can
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 H,50) extracts
some of the microbial organic P that would be included as lnor-
ganic P, and thus glving erroneous results.

Overall, the results suggest that the distribution of bicar-
bonate-extractable organic and inorganic P could vary conslider=
‘ably throughout a growing season. This could complicate the
'assessment of the contribution of organic P mineralization.
That is, it 1s quite possible that at various stages during

the crowing season. in response to changing microblal activities,
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Figure 16, Phosphorus recovered (ug/ml) after 500 ppm P were

equilibrated for 48 hLours with one gram sample from
s0il that underwent "wetting and drying" incubation°
0 % organic residue added.

-‘[9-‘



-89~
mineralization of a labile form of organic P (bicarhonate-
extractable) could contribute inorganic P for plant upfake.
Subsequently, replenishment of this relatively small pool
of labile organic P could occur by disintegration of complex
organic P compounds in the remaining soll 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 solutioné, the decrease
necessary to maintain the lablle pool constant may be so
small relative to the total amount that 1t cannot be detected
as a siénificant difference. Fleld 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 varlation 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 nﬁmber of péssible mechanisms explaining this
phenomenom. The most obvious would be that during incubation,
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 Wledk‘
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be reoxidized bo hydrous ferric oxides that are active in kS

A,"

P adsorption. Another possibility and perhaps more' probable

1.

is the influence of the wetting and drying on the: surface )
_charge properties of the solls. That is, as the- soil solutdon
becomes more concentrated, the hydrogen ion activity should ’

increase and °°rPeSP°nd1n81y cau%e an,increase In surface‘“
:’

?‘qr.
1

Al-Fe-OH2 groups that are active in P adsorption.
Organic material had a notable effect on the Dedza soil%-
in that the amount of added phosphorus‘remaining in(solution
was greatly depressed (Fig. 17) A similar occurrence was notedf
| for one of the replicates of +the Mulanje soil, althoughnof |
lesser magnitude. If fungl were responsible for the 1atter,
they must have been in a finely divided state as’ no mycelia
were visible. The assoclation of the fungal growth with an
increased adsorption of phosphorus is an interesting QUSGP:
vation, but one for which an explanation 1s not readily
,available. In conclusion, it can be pointed out that at any

one time, the organic material added to any soil wou}d”not

only cause microvariabilities in the physical and chemical

T

processes, but alSo in the microbial processes, The varia=
bility'would also‘depend’upon'the nature and quantity of ‘the
added substrate. Another important point is'the difference
between the continuously moist incubation and the dryling and
re-wetting incubation experiments. The continuouslv moist
incubation seemed to have a fairly buffered system whereas
the drying-rewetting incubation showed a diversity in the

reactivity both in inorganic and organic P and also adsorptions.ff
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;Inorganic phosphorus fractions. :7

_,V}he mineralized organic P may contribute to the supply of
ithe labile P but that as already pointed out this may suffer
ffrom immobilization either by microorganisms or by the hvdrated
oxides of aluminum and the iron, and the clay fraction, and also .
ithat one of these processes may predominate or. that they may _
voccur simultaneouslv.v The purpose of the present experiment
iwas to observe the effect of incubation on the P fractions.
From the results in Table 18 it can be pointed out that in
fgeneral, 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-
ﬁnum 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-
iing from the interaction between the added Ca(OH)2 and the P | ,
in the soll, and that with time, this fraction which is unstable“
{at low pH mav be transformed into Al-P and eVentually into Fe-Pin

‘(Chang and Jackson, 1958)
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Table 19. - Inorganic phosphorus fractions for the wet and

‘ dry incubation.

Treatment _ ngsorb-p  a1-PY Fe-r ca-P  Total

ppm

MULANJE
Zero time, 0% org. res. 6 37 137 22 - 243
‘Zéro time, 2% org. res. 88 ho 135 21 284
8th week, 0% org. res. 51 37 137 20 245
8th week, 2% org. res. 51 41 153 25 270
Zer°time 0% org. res. 82 59 278 36 . 55
| Zerotime, 29 org. res. 107 61 280 40 488
8thweek, 0% org. res. 83 56 282 41 L62
_Bth wesk, 2% org. res. 85 57 277 U6 k65

fl/;gi-ﬁ“detérmined‘af@erﬁbhe hour extraction.
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“ﬂtFis interesting to note thatl’content of the 6féénicl

;”aterial which initiallv increased the inorganic P fractions
;was not entirely recovered after incubation. This may in-15
”dicate that some of the transformation of organic P is mi-‘f

-erobial rather than chemlcal.



SUMMARY AND CONCLUSIONS

| The WOfk in the‘bresent study showed that the four soils
of ‘Malawil selected for‘investigation differ greatly in their
‘chemical, physical and mineralogical characteristies. In gen-
~eral, chemical, physical and mineraloglcal propérties indicate
that the Mulanje soll 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 8102/A1203
ratio. The extremely low P adsorption maximum, higher active
8102/A1203 ratio and also the presence of considerable amounts
of mica in the Bunda soil is clearly indicative of a moderatelv
.weathered soill.

The active 8102/A103 ratios were found to be a function
of soil texture and apparently, as previously noted for some
Oxlsols in Brazil, dissolution of quartz in the sand fractions,
over long periods of time, has greatly influenced the nature
of fhe active surfaces.in the clay fractions.

The comparétive study of organic P procedures showed
that the method of ignition at 550°C followed by 2N H2SOM extrac-
tlon was the most sultable one for estimating organic P in
these solls, This 1s because of its simipiicity and also for
its apparent maximum extractlion of organic P with minimum'hydrqiyfj
515. L

-88-



89—

'EJ”QOf greatest interest were the results from incubation

iexperiments.‘ In the continuously moist incubation experiment 3
fthere was an initial immobilization of phosphorus in both
_soils (except one Mulanje sample where no,organic‘matter'was

| :added and incubated at 35°C) and that for the Dedza soil,
oimmobilization cOntinued up to theeend of the incubhation
‘period in the samples that had organic residue added to them.
On the other hand after initial immobilization in the Mulanje
soll, there was a rapid mineralization in all cases up to the
'end of the incubation perlod. The-high temperature coupled
twith organic matter additions accentuated the rate of mlneral-
dization at later stages in the incubation perlod. This 1s
.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 Withi the Dedza soill showing a greater
increase in net mineralization 1nitlally and towards the end
of the incubatilon period.' The Mulanje so6ll showed an initial
" mineralization of P-Justtas*in the Dedza soil, but that subse-

~quent incubation resultedlin immobilization of P, except for
Lone-sample where no organic residue‘was added which showed a
:“slight increase in mineralization on the elghth week. |
i 'The adsorption and fractionation studles clearly indicate
Athat there was limited chemical transformation of the inorganic.

;forms present in these solls.
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From the experiments, it can be concluded that the effect
of added organic material on supplying P for plaﬁt use will
depend on several factors. One of these factors is the nature
and quantity of the added organic matter. This wiil influence
the microbial and hence the chemical activities. The tnitilal
processes will be such that the plant wlll compete with the
microblal populations in the uptake of phosphorus. and that
subsequent 1lncrease 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. 1In addition to this, the nature and dis-
tribution of rainfall 1in a growing season will 1Influence
organic matter decomposition, with high molsture 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 soll will affect the ezymatic
activity. Lastly, the chemlical and physical nature of the

solls will greatly affect net organic P mineralization.
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.Appéﬁdix11;“{Lime‘éddéd to the soll based on the exchangeable

. A1 determined in 1 N KCl extracts (Kamprath. 1970)

;ééiii(". | Exchangeable Al
i o me/iOOg
Mulanje 1.78

' BvdhbWe . 0.07

Dedza 0.17

-Bundé- 0.06

Lime was applied to Mulanje and Dedza samples in the form of

Ca(OH) ,.

Mulanje 1.78 x 74 = 131.7 mg
Dedza 0.19 x 74 = 12.5 mg

The'sbils were shaken thoroughly for 30 minutes on a mechanical

shaker.
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 Appendix 2. Phosphate sorption by four Malawl solls after

48 hours eguilibration with added phouphorus.

Initial amount Amount recovered Amount sorbed

Sample added, ug-P/2g ug/ml. ug/g-s0il
Mulanje 200 0.02 99
500 0.10 28
1000 . 0,58 uas
1500 2.37 703
2000 6.83 863
Bvumbwe 200 0.05 98
4oo 0.17 193
500 0.28 239
1000 1.45 a2
1500 : 3.79 A
2000 6.44 742
Dedza 200 0.14 97
hoo 0.60 188
600 1.58 268
800 3.%9 328
1000 5.53 389
1250 9.84 N28
Bunda 0 0.0} now
100 0.37 42
200 0.92 81
300 | 2.18 107
400 3.48 119

500 h,92 151
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Total-, inorganic-, and organie-P determined

in

incubated (22°C) and unincubated samples extracted

with 2N H. 50, : no organic residuc added,

Soil Week : 0 3 6 9 12
ppm
Totgll 492 H08 96 gy HahH
NULANJE Inorg-F M 260 292 288 305
Opgan=F 221 248 204 206 220
Toral=F 1162 1247 1248 1264 1286
DEDZA Inorg~p 418 418 65 72 W7
Organ=p 155 L] 156 21 810
Appendix ¥, Total=, inorganie=-, and organie-P determined 1in
tneubated (22"C) and uninecubated samplea extracted
with 7% H.30,1 2% opganie residuc added,
m Veek: 5] 3 8 9 12
 §3 & .7 :
?{(i!ﬁizf‘ LK 5)"6 ‘y,—“} w2t 549
RULANJE Inore=F 365 211 29y 298 116
Ordan=f 238 2N 231 228 213
Totaj=f 1242 1250 1240 1270 1304
DEDZA fropg=t 287 1117 L] 4h9 LT
Opean=t 155 LT 756 821 810
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Appendix . Totnl-, Inorpanic-, and organic-I' determined 1in

incubated (35°C) and unincubated samples extracted

with 2N H.S0,; no organic residue added.

Soil Week: 0 3 0 9 12
Total-p 192 sob | o1 488 509
MULANJE TInorg-P 271 280 286 291 318
Organ-P 221 224 205 197 191
ppm
Total-P 1162 1197 1252 1247 1260
DEDZA Inorg-t N8 h1q 53 ysh 79
Orpan=p Th 778 799 793 181

Appoendix 6, Total-, inorganic-, and organlc-P determined 1in
incubated (35°C) and unincubated samples extracted

with PN H.80,; 2% organic residuce added.

Soil Week: 0 3 6 ) 12
ppm
Total=r 543 531 h90 22 524
MULANJE Inorg=-p 305 271 314 320 321
Organ=p 238 250 176 202 203
Total=p 1242 1242 1236 1253 1291
DEDZA Inorg=-p heT h62 468 h81 490

Organ=p 755 780 768 172 801
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-106-
Appendix 7. Total-, inorganic-, and organic-P determincd 1in

{ncubated and unincubated samples extracted wlth

2N .50, 3 no organlc resilduc added.

Soil Week: 0 1 2 3 Yy 5 6 7 8

—ppm

Total-P 491 6548 519 469 HU6 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 119% 1230 1237

1173 1332 1279 1231 1215
DEDZA Inorg-P 436 478 441 - 407 W64 459 420 471

Organ-P 760 753 796 766 868 820 811 744

Appendix 8., "Total-, Ilnorganic-, and organic-pP determined in
incubated and unlncubated samples extracted with

2N H,80, 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 12065

DEDZA  Inorg-P 467 502 U487 - 454 484 500 U588 W96
Organ-P 818 779 828 - 762 872 840 843 769
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Appendix 9, Total-, inorganic-, and organic-P determined in
{ncubated and unincubated samples extracted with

Naﬂcog; no organic realdue added.

Soil Week: 0 1 2 3 lj 5 6 7 8
ppm
Total=P 36.9 38.1 l1.9 ha,» 29.8 29,7 30,1 29.2 34,4

MULANJE Inorg-P 23.3 22.8 26,1 31,0 18.4 20.1 22.5 10,6 22.1

Organ-P 13.6 15.4 15.8 18.2 11.4 9.6 7.5 9.6 12.3

Total=P H6.9 55.4 56,3 U5,2 46,9 47.3 U84 U5, 4 52,4

DEDZA Inorg=P 39.0 W3.4 W3,7 36,6 36,7 37.7 W2 38.1 41,3

ae}

Organ-b 9.7 21.6 22.3 19,0 10.2 10.2 0.3 7.3 11.1

Appendix 10, Total-, Inorganic-, and organlc-P determined 1in
incubated and unincubated samples extracted

with NaHCO,; % organic reslduc added.
J

Soil Week 0 1 2 3 ) 5 § 7 8

ppm

Total-P 64.8 h7.0 N7.9 58,7 38.1 35.5 36.0 30.2 38.7

MULANJE Inorg-P 49,3 28.4 30.3 34.5 20.8 20.1 22.7 17.8 20.8

re

Organ-P 15.5 18.7 17.6 24.2 17.3 15.4 13.3 12.4 17.9

(WS

Total-P 78.2 6U.7 66.2 51.9 55.2 50,6 53.8 148.8 61.1

48.1 50.8 U6.9 W6.6 43.8 57.5

DEDZA Inorg-P 62.2 9.4 50,2 h2.h 42,0 40.5 46.5 40.9 48.0
34,9 37.5 32.8 U0o.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






