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ABSTRACT

Release of available P from insoluble phosphate com-
pounds, i.e. basic slag and rock phosphate, during humi-
fication of clover hay in a clay alluvial soil (pH 7.9)
was studied at moisture level of 607 WHC and mesophilic
incubation {20%2°C) aleng 180 days.

Content of total humified carbon in soil treated with
insoluble phosphate compounds was higher than that in P-
untreated soil. Humic acid predominated over fulvic acid
in all soil treatments. Ratio of HA/FA was ever more than
one, and it was decreased with the application of each of
organic material and inorganic P compounds. Basic slag
diminished the HA/FA ratio more than did the rock phosphate.

Humified and available P contents were augmented with
the addition of each of organic material and insoluble
phosphate compounds. Basic slag surpassed the rock phosphate
in increasing both forms of phosphorus.

INTRODUCTION

v 6rganic matter plays an important role in improving the phys-
ical,tchemical, and biological properties of soils. It substantia-
11y céntributes to the fertility of soil by providing plant nutrients
via ifs decomposition. It also renders plant nutrients available
from sources other than itself, e.g. soil minerals. Dalton et al.
(1952), Datta and Nagar (1968), and Sinha (1972) suggested that soil
organic matter or organic materials can make P available from the
insoluble forms, namely, calcium phosphate, ferric phosphate, and
aluminum phosphate. They explained the mechanism involved is such
transformation as follows: During the decomposition of organic
matter in soils, organic acids are produced, which may either in-
fluence the pH and consequently make P available from calcium phos-
phate; or they may form complexes or chelates with the cations and
thus feleasing the phosphate. It has also been reported that humus
formsjchelate with polyvalent cations, and it is likely that it may

render P available in this manner from inorganic phosphorus compounds.
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Datta and Goswami (1962), studying the decomposition of I3
and *?P-labelled organic materials in soil in relation to the availa-
bility and uptake of nutrients by wheat plants in pot culture experi-
ment, found that organic matter increased each of available P, plant

uptake of P, and crop yield.

The influence of organic matter application on phosphate availa-
bility {in soils may involve the composite effect of several processes
occuring at various stages of decomposition and humification of added
organi§ material (Sinha, 1972).

The aim of this investigation is to study the changes in availa-
bilityfof P from its insoluble mineral compounds (basic slag and rock
phosphate) during humification course of organic material in an arid

~alluvial soil. '

MATERIALS AND METHODS

Surface soil sample (0-30 cm) of Nile alluvium (Torrifluventé)
was collected from the Experimental Farm, Farnlty of Agriculture,
Shebin E1-Kom, Egypt. The sample was air-dried, ground to pass
through a 2-mm sieve, and entirely mixed. Pertinent analytical data
of the examined soil are presented in Table 1 (a&b). Methods of

analysis were according to Jackson (1958).

Basic slag (by-product of iron industry) and rock phosphate
(carbonate apatite), serving as insoluble phosphatic compounds, were
finely crushed. Elemental analysis of these compounds was run after
AOAC (1980); data are shown in Table (2). Pulverized clover hay
(C 49.4%, N 0.84%Z, and P 0.127) was employed as an organic supple-

ment.

A ﬁumber of polypropylene containers (7-cm wide, 5-cm high) was

assigned to this study. In each container, 100 g of soil crumbs
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were packed. The soil containers were splitted into two groups for

the following treatments:

a. No organic material added.

b. Organic material added.

Each group was further divided into three sets to satisfy the foll-

owing subtreatments:

1. No P applied.
2. Basic slag.
3. Rock phosphate.

The organic material was added at a rate of 3% and the phos-
phate sources at 0.2%Z P. To each container of all sets, an activa-
ting mixture (0.05 mg potassium sulphate + 0.01 mg urea) was appl-

to each container to serve as inoculum. Moisture content of soil

was brought to 60% of the water-holding capacity with deionised ‘
water. All treatments were run in duplicates. Soil containers were
left uncovered and incubated at the ambient room temperature (20%2°C).
Periodical sampling was conducted, along 180-day experimental dura-
tion, for C and P determinations. Moisture losses were conpensated

every three days with deionized water.

Soil samples were taken at certain incubation intervals dried
at 70°C, then again ground and sifted. The non-humified materials
were electrostatically removed, using rubbed plastic plate, accord-

ing to;Turin methods (Alexandrova and Naidenova, 1976).

The dried soil samples were then subjected to the following
technique: 50 g of soil sample were placed in a 1000-ml polyethylene
bottle; and 250 ml of freshly prepared 0.5 N NaOH were then added as

547



Minufiya J. Agric. Res. Vol.13 Ng¢.1, 1988

extractant, and 2.5-ml of concentrated Sn Clziwere added (Choudh;is
and Stevenson, 1957). The mixture was shaken by end-over—end shaker
for one hour, then left to stand overnight (16-18 h) at room tempera-
ture. The suspension was hand-shaken vigorously and 5 8 of NazS04’
were added as’ coagulating agent for polyvalent cations. The mlxture
was centrifuged for 15 min. at 3000 rpm and the supernatent was
transferred to a 250-ml volumetric flask, whqreac the soil r951due
was discarded (Khalifa, 1979).

Contents of total organic carbon and humic substances-carbon
in the mentioned supernatent were determined by means of Walkely and
Black method:(Jackson, 1958) taking in to consideration the recommen-

dation of Kononova. (1966).

For the estimation of total P of the humifying matter extracted
from soil, 25 ml of the supernatent were pipgtted—into 100 ml-Erlenmyer

porationé 5 ml H2S04 conc. + 1 ml HC10y4 conp. were added to the

flask which was then held on a boiling-waterLbath for ‘complete eva-
contents iof the flask, and the volume was made up to 25 ml with'de-
ionized water. Phosphorus was then measured colourimetrically using
stannus chloride method (Jackson, 1958). Available P in soil was
extracted by 0.5 N NaHCOs at pH 8.5, according to Olsen's procedure
and deteémined colourimetrically using stannus chloride (Jackson,

1958).

RESULTS AND DISCUSSION
E
Chaqges in carbon contents, i.e. total humified, extracted,and
its distﬁibution within humic substances in.the tested soil, as
affected by the application of the organic material and phosphate
compoundi, are listed in Table (3). In the treatments having no

organic n%terials addition, all forms of native carbon diminished
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-.—with incubation time, due to mineralization process that took place
by microorganisms resulting in carbon loss to atmosphere in the
form of CO2. The tabulated data also indicate that the decrease in
humified carbon of the soil amended with inorganic phosphate com-
pounds was lower than that of the unamended soil. However, in the
soil supplemented with organic material, content of total humified-,
extracted-, and humic acid-carbon showed gr?dual increase to reach
peaks within 90 days, thereafter, started tb decline. Such pattern
is ascriSed to the conversion of carbon from non-humic raw material
to humicimatter during the first phase, then its mobilization to
gaseous QO: in the latter phase. Phosphate application resulted in
higher contents of humified carbon forms in soil, where the basic
slag suréassed the rock phosphate. This is attributed to the stimu-
latory action of P on soil microorganisms contributing to the humi-

fication:process of the raw organic material introduced.

Res?lts of Table (3) also show that humic acid predominated
over ful¥ic acid in all soil treatments. Such finding agrees with
those obﬁained by Khalifa (1979) and Khalii and Amer (1986). The
ratio ofihumic to fulvic acid (HA/FA) was more than one throughout
(Table 3). It decreased by the addition of each of organic material
and inoréanic phosphate compounds. The basic slag reduced the HA/FA
ratio moge than did the rock phosphate. One or more of three possi-
bilities;might contribute to the diminution of HA/FA ratio, namely,
rate of fulvic acid formation exceeds that of humic acid, retarded
conversién of fulvic to humic acid, and/or encouraged oxidation of
humic acid. High levels of phosphates might support the first and
third instances via stimulated microbial activity, whilst formation
of stablé fulvic-phosphate complexes could explain the second case.
The solvént action of fulvic acid on various minerals has been
demonstréted by several investigators (Deuel, 1960; Kononova et al.

1964 ; Siﬁha. 1972; Kodama and Schnitzer, 1973; Schnitzer and Kodama,
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1976). These results assume a practical significance in view of
the fact that fulvic acid is major among the humus substances
present in soil solution and also represents the initial product of

humification of plant residues in soils.

Humin content (Table 3) revealed slight promotion by advancing
time of incubation. The increase in humin content does not reflect
any absolute inciements, but due rather to diminution in both humic
and fulvic acid contents. Application of each of the mineral phos-

phate compounds and organic material reduced the humin component.

Changes of humified P (associated with humic substances,namely,
organo-metalic phosphates) and mobilized P in soil during the humi-
fication course of organic matter are illustrated in Figs. (1 & 2).
Both contents of humified and soluble P were augmented with the

application of each of organic material and insoluble phosphate

compounds. Peaks of P levels were generally observed after 60-90

days of incubation.
]

The increase of available P could be explained by the produc-—
tion of CO2 and thus formation of H2C03, during organic matter break-
down, which contributes to phosphate solubility. Of equal or possi-
bly even greater significance is the evidence that compounds result-
ing from organic matter decomposition, particularly organic acids,
are active in rendering P morz available. In this connection, Jensen
(1917) reported that water extracts of decomposed plant materials
were effective in dissolving phosphate in soil, likewise, humus
extracts obtained from soil or composts enhance the mobilization of
P in soil or increase its availability to plants. Application of
basic slag, in the present work, gave greater amounts of each of
humified and soluble P than did the rock phosphate (Figs. 1 & 2).
This result may be referred to the presence of higher alumina con-

tent in the rock phosphate than in the basic slag (Table 2). Such

4
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constituent is an efficient agent in precipitating phosphate in
soil (Brady, 1978). Sinha (1972) found that the influence of straw
decomposition on the release of phosphate was evident only with Caj
(POy)2 and FePO,, whereas the solubility of AlPO4 was practically
not affected.

Noteworthy that, Brady (1978) summarized the factors that
control  the availability of inorganic phosphorus in soil in the
followiég: a) soil pH; b) soluble iron, aluminum, and manganese;

c) presence of iron-, aluminum-, and manganese-containing minerals;
d) available calcium and calcium minerals; e) amount and decomposi-
tion of organic matter; and f) activities of microorganisms. The
first f§ur factors are interrelated because their effects are large-
ly dependent upon soil pH

s
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