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INTRODUCTION

In the soil literature it is generally accepted that igneous phosphate
rocks (PR), metamorphosed igneous PR, metamorphosed sedimentary PR, and
sedimentary PR with low degree of anionic substitution of PO; by CO3, are
all of very limited fertilizer value when applied directly to most soils : .
(4, 6, 10, 14, 15, 22, 31, 32, 45), The crystallinity, physical size, and
chemical nature of the calcium phosphate and its substitution products, all
influence their reactivity, and thus solubility in soil and availability
to plants (4, 6, 10, 15, 32, 17, 44), The availability of the P in PR to
plants is also influenced by plant and soil properties, Plants with higher
capacities to generate H ions (12), and absorb or adsorb P04 and Ca ions
are better able to utilize P from PR (15). Similarly, soils with ‘hunger'
for Ca and P, due to acidity (low pH), low base saturation and ability to
fix or immobilize P in clay, sesquioxides and microbial biomass, are better
able to dissolve PR than those neutral or alkaline in pH with sufficiency
or excess of Ca, or low biological activity (17, 45). The presence of some
soluble Al helps dissolve the PR by complexation of F from the fluorapatite
(4), Significant amounts of exchangeable or soluble Ca or Fe if present in
a soil, refix the dissolved P into less soluble forms (11, 40, 37, 43). Imn
the case of Fe, aerobic conditions and aging help decrease the plant-
availability of Fe phosphates, It is being recognized now that although
the chemical P-fixation capacity of soils, such as by active Fe, increases
PR dissolution, the same also decreases plant-availability of the P from
PR, and thus curtails the effectiveness of even sedimentary PR as a direct
source of fertilizer-P (8, 21, 45),

Commercial fertilizer-P is produced from both igneous and sedimentary
PR by acidulation, mostly by sulphuric acid, As sulphuric acid can also be
produced by oxidation of S by soil bacteria, about 60 years ago workers at
Rutgers University in U.S.A. solubilized PR by 'composting' soil, sulphur
and PR (20). Even better results were sometimes obtained when some manure
was mixed into the 'sulphur composts'. This was in accord with even earlier
qualified successes with mixing of bonemeal or PR with manures and acidic
peats in storage piles, or applying the PR to soils along with manures,
Subsequent soil research led to virtual rejection of the sometimes expensive
S and manure applications to soils as means of dissolving the soil-applied
PR mainly due to considerations based on economics and reliable effectiveness
(1, 15, 28), Even if the about 2.5 times of sulphuric acid needed for 1 unit
PR 1s produced by oxidation of the S in a soil, it is more likely that the
H9504 produced would interact with more reactive and prevalent compounds in
soils, such as CaCO3, or some Fe and Al compounds, rather than with the small
amounts of less reactive PR.

Similarly, the acid products of: decomposition of manures in soils may
not help dissolve the PR significantly in soil, At the same time, greater
the decomposition of the manure within a soil, more likely it is to reduce
the supply of available-N to crop plants,
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The importance of the plant-nutrient contents or quality of manures,
and of their maturation by proper decomposition, to soil fertility, were
recognized more fully during evolution of the scientific principles of

composting by Sir Albert Howard and others in India, about 50 years ago
(16, 35),.

Compost is distinct from a pile of rotting refuse in that it is a
designed environment where the plant nutrients are comserved while the
carbonaceous bulk is decomposed to a relatively biostable humus-rich
residue in a mamner that destroys weed seeds, phytoinhibitory substances,
and pathogens, without creating malodors that emanate from or remain in the
product, These objectives are met by mixing various materials into a
formulation where the C:N ratio, water:air ratio, macro- and micropores,
are adequate for the desired decomposition (16, 35, 38),

It was established that aliphatic organic acids (e.g. citric, lactic,
succinic), phenols, phenyl carboxylic acids, amino acids; and complex humic
and fulvic acids, and mineral acid ions (NO,, SO4, and CO3) are produced
during the decomposition of organic matter in composts, In cold or
anaerobic composts, the mineral acids are produced in lower amounts but
the organic acids persist longer than in hot composts, Also, more heat
is generated in aerobic (hot) composts than in the anaerobic composts, In
both composts, phosphorus is usually a limiting factor for optimally rapid
decomposition. At the same time, any sparingly soluble or insoluble calcium
posphates added into the composts would be in intimate content with warm or
hot solutions of organic and mineral acids that can solubilize the P source
(16), As the chelating organic acids remove the Ca from the active phase
the relased inorganic PO, ions are (a) utilized by microorganisms, to
produce bioavailable compounds; or (b) loosely held by humic compounds with
or without bridges of metal ioms (7, 19), &ven if some of the dissolved
Ca and phosphate ions are reprecipitated, the products should be reactive
amorphous compounds, such as& -tri-calcium phosphate (TCP), but not as
crystalline unreactive compounds, such as £ -ICP (Whitlockite) (33,34), Also
it is likely that due to the presence of CO, such reprecipitation would occur
in a CO4:HCO; buffer so that some of the PO4 ions would be substituted by
CO3 ionms, 1t can be said that reactive sedimentary PR were originally laid
down in CO3: HCO3 buffers of animal body fluids, oceans and inland seas,

It has been shown that the reactivity of sedimentary PR increases with
increasing substitution of PO, by CO4 (4, 6), When more than 1 in 6 of the
P04 ions are substituted by CO3 the structure breaks down,

It should be emphasized that the overall pH of the compost does not
have to be acidic to dissolve PR, as sufficient microenvironments exist in

the compost around microbial colonies where the pH is acidic enough to help
dissolve the PR,

Initial studies with phosphates in composts were to improve the quality
of the product and hasten the process (2, 46, 16), It was also found that
the P in the phospho-composts was more available to plants than even the
comparable P from superphosphate, particularly in soils with high P fixing
capacity (46)., This effect of the compost can be attributed to: (a) the
coating of P-fixing sites by organic compounds, (b) the continued production
of carbonic and other acids by the slow decomposition of the composts in the
soil (1, 2), and (¢) the organic P in the phospho-composts may be taken by
plants through hydrolysis by enzymes exuded by them into the soil around
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their roots, without going through the gemneral soil matrix (3, 13, 47),

Indeed much of the recent work on phospho-composts in India relates
to the composting of a sedimentary PR to produce a material that is a suitable
source of P for crops grown in calcareous soils of high P-fixing capacity
(23, 24, 29, 30, 41, 42), The PR used most in studies reported recently
from India is from Mussoorie, 1In this sedimentary PR, some of the Ca has
been displaced by Na and Mg, and some of the PO, ioms by CO3. It is
therefore a reactive PR, easy to dissolve, quite umnlike amn igneous PR.
Under conditions where igneous PRare produced;, or when magma heat a
sedimentary PR, the CO3 ions in carbonato-phosphates are expelled. The
same occurs when bones are burnt so that the Whitlockite-containing bone
ash is a much poorer source of fertilizer P than the bone meal containing
mostly non crystalline hydroxy and carbonato-phosphates. Therefore,
carbonato-phosphates were naturally not present in the igneous rock
phosphate used in this study, The PR came from Cargill, Ontario, Canada_(9,
39)., The karst-type residium near the surface, under glacial till and
lacustrine clay, shows signs of weathering up to the stage where much of
the calcite, dolomite and FeS have been leached, and some Al released from
degrading clay produced a layer of crandallite,

The beneficiated ore was found to be of little value as fertilizer
when apglied directly to a neutral sand, a calcareous clay or an acidic peat
of low biological activity, In that sense the results were similar to those

obtained by workers in Burundi (5, 18) who found that Matongo-Bandaga PR

of igneous origin was only 1 to 5% as effective as superphosphate=-P in

4 soils, an Oxisol, an Ultisol, a Vertisol and an Entisol, However, im a
soil with high humus contemt - a Gleyic Oxisol or a Humic Oxisol - the
corresponding value was 127 - thus suggesting that even an igneous PR is
subject to the solubilizing effect of humus, and decomposing orgamic matter,
Many workers have reported bemeficial effects of certain manuring treatments
on the direct use of PR in soils, As we felt that such effects of decomposing
organic matter, and of the humus and CO, produced by it, can be intensified
during composting, and in recognition of the need to utilize PR which is
otherwise unsuitable for agromomic use, we tested the feasibility of
composting an igneous rock phosphate from Cargill, Ontario, Canada,

MATERIALS AND METHODS

Some relevant properties of the materials used in this study are
presented in table 1,

The 'hard' igneous phosphate rock (PR) from the Cargill deposit in
northern Ontario, Canada, used in this study, is mostly macrocrystalline
apatite with some crandallite, calcite and dolomite, The PR has 167 total
P, 0,87 P soluble in citric acid, and 0,03% P soluble in ammonium citrate,
About 447, of the beneficiated ore is >1 mm in size and 887 is?» 0,25 mm,
Consequently, the crystallinity, chemical nature and pysical state all
render the PR unsultable for direct application to soils, particularly
to those rich in active Ca or Fe,
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Table 1. Materials used for composting

% % ‘Mobile’
Materials Dry Ash pPH Total Humus *
Matter in D.M. % P Index
Liquid Manure 8.2 18.8 7.3 0.65 166
Farm Yard Manure 26.7 22.2 8.2 0.16 129
Blood 12.9 4.8 3.9 0.13 14
Straw 86.4 7.3 8.0 O.11 39
Wood Waste 56.6 2.0 5.5 0,10 66
Peat 50.0 4.8 4.0 0.04 10
Phosphate Rock 100.0 98.0 7.0 17.11

* O0.D. at 450 mu

of a 1:100 extract in 0.25M NajP;07
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Aerobic (Hot) Composting

,The compost heaps were generally 1 m high, trapezoidal in cross
section, with base and top planes of 2 m x 1,0 m and 2 m x 0,3 m,
respectively, according to a method developed in Canada (25, 26, 27, 36).
The composting was done in July to October 1985 on a rough cement floor,
under a roof, in an open shed, in Kapuskasing, northern Ontario, about
50 km from the Cargill deposit,

To build a compost heap, a basal 10 cm thick layer of peat or other
fluffy material or mixtures used in the formulations (tables 2A and 2B)
was laid loosely on the ground. Two 30 cm long ABS soil pipes of 10 cm
diameter with two rows of perforation (1.2 cm diameter) were placed
lengthwise on the basel layer, about 0,3 m from the margins, The two
rows of perforations were both on the top side of the pipes, The rest of
the material was then heaped on the pipes and shaped to fit the design,
A light covering layer of peat, about 5 cm thick, was used in the end to
curtail loss of ammonia, emanation of odours, the attraction for, and access
of the waste to, flies,

In the composts where liquid manure was used (Compost Nos, 11 to 14)
a third ventilation. pipe was placed about 0.5 m from the floor in the
middle ot the heap.

Angerobic (Cold) Composts

These compost heaps were made according to the method of preparing
heap of grass silage using 135timthick silage grade black polyethylene
plastic sheeting obtained from Chemical Industries Limited Canada. Other
details on the process, handling of the materials and chemical analyses
will be reported elsewhere,

RESULTS AND DISCUSSION

It is understandable that the finished products of the composting with
the PR contained higher percent mineral matter than the composts without
the rock phosphate (table 3), The "mobile" humus content of the phospho-
composts was generally lower than that of the control composts, perhaps
partly due to the lower orgamic contents of the phospho-composts,

In five of the eight pairs of composts, those with PR had slightly
lower pH than the controls., This was not obviously related to the type of
composting (aerobic vs anaerobic), 1t appeared that the Ca released from
the PR may have been preferentially complexed with humus rather than become
an exchangeable cation, It is known that humus, particularly peat humus
has a remarkable, albeit limited, capacity for complexing Ca into relatively
insoluble coagulates, The absence or low presence of peat, as in Composts
numbered 7, 8, 15 and 16, and the extent of solubilization of the PR beyond
the capacity of the peat humus to chelate Ca, may have allowed the pH of the
phospho-compost (No., 12) to be higher than that of the control (No, 11),
Indeed, the following data reveal that in the case of No,12 the solubilization
of the PR was the highest.
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A. Aerobic

Designation:

3 and 4

5 and 6

11 and 12

13 and 14

15 and 16

Table 2A.

Table 2B.

B. Anaerobic

Designation:

1 and 2

7 and 8

9 and 10

Formulation of composts, moist weight basis

Ingredients

Farm-yard Manure
Peat (envelops)

Farm-yard Manure
Peat (mixed and as envelopd

Liquid Manure
Peat (mixed and as envelopd

Liquid Manure
Wood chips
Peat

"Farm-yard Manure

Wood chips
Peat
Blood

Weight (kg)

1200
120

1200
160

1800
400

2000
600
300

1000
610
60
310

Formulation of composts, moist weight basis

Ingredients

Farm-yard Manure
Peat
Water

Farm-yard Manure
Chopped Barley Straw
Water

Liquid Cow Manure
Peat
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Weight (kgq)

2200
240
1740

1030
110
730

2150
240

11
12

13
14

15
16
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Table 3.

Some properties of the composts

'Mobile’
% Ash Humus
No. Ingredients pH D.M. basis 1Index
1 FYM Peat (An) 6.8 24.5 129
2 FYM Peat + PR 6.7 37.6 111
3 FYM Peat (Ae) 6.9 32.5 113
4 FYM Peat + PR 6.6 35,0 104
5 FYM Peat (mixed) (Ae) 6.8 34.3 120
6 FYM Peat + PR 6.7 40.7 89
8 FYM Straw + PR 7.6 31.8 117
9 Lig. Man. + Peat (An) 5.8 15.2 133
10 Liq. Man. + Peat + PR 5.7 22.7 123
11 Liq. Man. + Peat (Ae) 5.0 14.8 119
12 Lig. Man. + Peat + PR 5.2 30.0 110
13 Liq. Man. + Peat + WW (RAe) 5.0 11.6 113
14 Liq. Man. + Peat + WW + PR 4.9 21.6 102
15 FYM + WW + Peat + Bl. (Ae) 6.0 15.3 124
16 FYM + WW + Peat + Bl. + PR 6.2 22.0 86
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The various P fractions in the phospho-composts and the extent of PR
solubilization in the different systems are given in tables 4 to 11, The
H0-P fraction was lower in P- enriched composts: this is probably due to
the reprecipitation of P by the Ca present in the system while the compost
sample were suspended and shaken in water, The 0,1N HCI extractible P is
associated with reliable forms of plant available P in organic soils
(peats and mucks) which, among soils, resemble the composts most closely,
The organic P fraction is obtained through determination of total P with
and without ignition, This is a very important fraction, particularly for
Ca or Fe- rich soils, as indicated in the introduction. The 2% citric
acid (CA) extraction is a standard method for comparing the P-fertilizer
value of PR with superphosphate which has a solubility of 80% in 27 CA.
The Al-P fraction (P extractible in 0.1M NaOH) is included because the
Cargill PR contains some crandallite,

Upon completion in 2 to 4 months, the extent of the total P added
by the igneous PR that was solubilized into 'plant available' forms in
the various composts was: 37,1% in LM + WW + peat (Ae); 40,2% in FYM + peat
(Ae); 47,3% in FYM + S (An); 47.7% in FYM + peat (An); 52,87 in FYM + WW +
BI + peat (Ae); 62,8% in LM + peat (An); 63.9% in FYM + peat (Ae); and
74,4% in LM + peat (Ae) (tables 12A and 12B), The average solubilization
of the PR by the composting was 53,2%. In all the composts some of the PR
can also be substantially solubilized by composting with various wastes,

The extent of solubilization was not dependent on the P content of the
composts nor the type of composting, but perhaps on the intensity of the
process which in turn was influenced by the properties of the materials used,
[he details of these aspects will not be discussed here due to the constraints
of time and space, as the focus of this presentation is on the feasibility
of solubilization of an igneous PR through composting,

With respect to processes responsible for PR solubilizatiom, it is
worth mentioning that the aliphatic organic acids (e.g., citric, lactic,
succinic), phenols, phenyl carboxylic acids, amino acids, and complex
humic and fulvic acids, which all chelate Ca and other metals; mineral
acid ions (NU3, SO4, CO3); and heat, all naturally produced during decompo-
sition in immediate vicinity of the PR granules in phospho-composts,
dissolve the PR mainly as by partial acidulation treatments. Such solubili-
zation of igneous PR should occur during decomposition of various types of
organic materials during properly designed composting.

The peat was of special value as an absorbent for liquid manure and
as an insulator for maintaining heat in areas where the night temperature
1 mid-summer could be below 10°C, Although useful at all times, the peat
1s not necessary to solubilize PR when dealing with solid wastes, Acidic
peat can help curtail loss of N as NH3 from protein-rich composting materials,
ilowever, the same can be achieved by using acidic muck, and wastes from
banana, mango and citrus fruits, and, perhaps, some aquatic weeds,

Where commercial composting operations are desirable and feasible,
ne should look for materials of institutional origins such as urban and
nmunicipal garbage, and wastes from barracks, hotels, hospitals, offices,

0d processing plants, slaughter houses, breweries, forestry and other
wood-related operations,
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Table 4. Anaerobic farm—yard

manure + peat

Fractions Control (1) + RP (2)
of Compost-P ppm-P % ppm-P L)
A. TOTAL 2,210 100 24,705 100
B. Hy0 372 16.8 272 1.1
C. 0.1N HC1 895 40.5 10,811 43.8
b. Organic P 1,103 49.9 1,850 7.5
E. 2% CA 636 28.9 6,517 26.4
F. 0.1M NaOH 23 1.0 18 0.1
C + D + F 2,020 91.4 12,679 51.3
E X 1.25 + D 86.0 40.5
% RP solubilized: 12679 - 2020 X 100 = 47.4
24705 - 2210
—— RP Blank = 37.4
Table 5. Aerobic farm-yard manure + peat

Fractions Control (3) + PR (4)
of Compost-P ppm-P % ppm-P %
A. TOTAL 2,510 100 23,944 100
B. Hp O 328 13.1 225 0.9
C. 0.1N HC1 751 29.9 12,350 51.6
D. Organic P 993 39.6 3,095 12.9
E. 2% CA 198 7.9 6,322 26,4
F. O0.1M NaOH 32 1.3 36 0.15
C +D 4+ F 1,776 70.7 15,481 64.6
E X 1.25 + D 49.4 10,998 45.9
% RP solubilized: 15481 - 1776 X 100 = 63.9

23944 -~ 2510

— RP Blank = 53.9
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Table 6. Aerobic farm-yard manure + peat (mixture)

Fractions Control (5) + RP (6) Fra
of Compost-P PPm-P % ppm-P % of
A. TOTAL 3,306 100 35,099 100 A.
B. HyO0 344 9.6 259 0.74 ‘ B.
C. 0.1N HC1 1,427 43.1 11,349 32.3 Co.
D. Organic P 973 29.4 3,827 10.9 D.
E. 2% CA 924 27.9 6,434 18.3 E.
F. O.1M NaOH 26 0.8 23 0.07 Fo
C + D+ F 2,426 73.4 15,199 43.3 C 4
E X 1.25 + D 2,128 64.4 33.8 E
% RP solubilized: 15199 - 2;56 X 100 = 40, 2 % F

35099 - 3306

—— RP Blank = 30.2

Table 7. Aerobic farm-yard manure + straw

Fractions Control (7) + RP (8)
of Compost-P ppm-~-P % pPpm-P % Fr
of

A. TOTAL 3,688 100 21,406 100 __
B. Hy0 517 14.0 394 1.8 Ae
c. 0.1N HC1 1,927 52.2 7,682 35.9 B
D. Organic P 1,045 28.3 3,671 17.1 G
E. 2% CA 1,124 30.5 4,793 22.4 b
F. O0.1M NaOH 23 0.6 21 0.1 B
C + D+ F 2,995 81.1 11,774 53.1 i
E X 1.25 + D 2,450 66.4 9,662 45.1 ¢
%+ RP solubilized: 11374 - 2995 X 100 = 47.3 £

21406 - 3688 3

—— RP Blank = 37.3
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Table 8. Anaerobic liquid manure + peat

e S ——

Fractions Control (9) + RP (10)
of Compost-P ppm-P L] ppm-P %
A. TOTAL 3,762 100 16,586 100
B. Hy0 1,544 41.0 1,463 8.8
C. 0.1N HC1 2,642 70.2 10,909 65.7
D. Organ1c¢P 556 14.8 341 2.1
E. 2% CA 2,899 77.0 7,578 45.7
Fo 0.1M NaOH 28 0.8 34 0.2
C + D + F 3,226 85.6 11,284 68.0
E X 1.25 + D 110.8 59,2
% RP solubilized: 11284 - 3226 X 100 = 62.8

16586 - 3762

— RP Blank = 52.8

Table 9. Aerobic liquid manure + peat

Fractions Control (11) + RP (12)
of Compost-P ppm-P % ppm-P %
A. TOTAL 3,537 100 31,411 100
B Hp O 1,903 53.8 1,538 4.9
C. 0. 1N HC1 2,394 67.7 14,360 45.17
D. Organic P 794 22.; 9,567 30.5
E. 2% CA 1,450 41.0 10,360 33.0
F. 0.1M NaOH 50 1.4 38 0.12
C +D+ F 3,238 91.6 23,965 76.3
E X 1.25 + D 2,606 73.7 22,517 71.7
% RP solubilized: 23965 - 3238 X 100 = 74.4

31411 - 3537

—— RP Blank = 64.4
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Table 10.

Aerobic liquid manure + peat + wood waste

Fractions Control (13) + RP (14)
of Compost~P ppm-P % ppm-pP %
A, TOTAL 3,181 100 26,103 100
B. Hy0 1,650 51.9 1,368 5.2
C. O.1N HCl 2,312 72.7 9,310 35.7
D. Organic P 619 19.4 2,138 8.2
E. 2% CA 1,480 46.5 9,076 34.7
F. 0.1M NaOH 36 1.13 23 o.08
C + D 4+ F 2,967 93.3 11,471 43.9
E X 1.25 + D 2,469 77.6 13,483 51.6
% RP solubilized: 11471 - 2967 X 100 = 37.1

26103 - 3181

— RP Blank = 27.1

Table 11. Aerobic wood waste + FYM + peat + blood

Fractions Control (15) + RP (16)
of Compost-P ppm-P % Ppm-P %
A. TOTAL 1,376 100 15,794 100
B. H0 198 14.4 184 1.2
C. O0.1N HCl 516 37.5 8,402 53.2
D. Organic P 623 45.3 355 2.2
E. 2% CA 266 19.3 5,940 37.6
Fe. O0.1M NaOH 20 1.4 16 0.1
C + D+ F 1,159 84,2 8,773 55.5
E X 1.25 + D 956 69.4 7,780 49.2
% RP solubilized: 8773 - 1159 X 100 = 52.8

15494 -~ 1376

—— RP Blank = 42.8
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Table 12A.

Summary - Aerobic

i

Total Soluble P RP
COMPOSTS P : Soluble
% % $ of total %
3. FYM + Peat 0.25 | 0.18 70.7
4. FYM + Peat + PR 2.39 1.55 64.6 63.9
5. FYM + Peat (Mixed) 0.33 0.24 73.4
6. FYM + Peat (Mixed) + PR 3.51 1.52 43.3 40,2
11, Liquid Manure + Peat 0,35 0.32 91.6
12. Lig. Man. + Peat + PR 3.14 2.40 76.3 74.4
13, Lig. Man. + Peat + WW 0.32 0.30 93.3
14, Lig. Man. + Peat + WW + PR 2.61 1.15 43.9 37.1
15. Lig. Man. + Peat + WW + Bl. 0.14 0.12 84,2
16, Lig. Man. + Peat 4+ WW + Bl. + PR| 1.58 0.88 55.5 52.8
Average % RP solubilization: 53.7
Table 12B. Summary - Anaerobic
Total Soluble P RP
COMPOSTS P Soluble
% % % of Total %
1. FYM + Peat 0.22 0.20 91.4
2, FYM + Peat + PR 2.47 i.26 51.3 47.4
7. FYM + Straw 0.37 0.30 81.2
8. FYM + Straw 4 PR 2.14 1.14 53.1 47.3
9, Liquid Manure + Peat 0.38 0.32 85.8
0. Liqgq. Man. 4+ Peat + PR + 1.66 1.13 68.0 62.8

Average % RP solubilization: 52.5
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CONCLUSYON

This study has shown that composting can substantially solubilize
igneous PR into 'plant-available-p'forms, and thus increase the fertilizer
value of the PR many times, especially for soils where the efficiency of
P fertilization is low,

AEFERENCES

ABBOT, J.L., and T.C. TUCKER, 1973, Persistence of manure phosphorus
availability in calcareous soil. Soil Sci, Soc, Amer, Proc,, 37: 60-63

ACHARYA, C.N. 1954, Compost your phosphatic fertilizers, Indian
Farming, 4: 9-10,

ANDERSON, G., E.G. WILLIAMS, and J,0. MOIR., 1974, A comparison of the

sorption of inorganic orthophosphate and inositol hexaphosphate by
six acid soils. J. Soil Sei, 25: 51-62,

ANONYHOUS. 1982, Mussoorie-Phos - a phosphate fertilizer for direct

application. Pyrites, Phosphates and Chemicals Ltd, Dehri-on-Sone,
Rohtas, Bihar, India, 66 pp.

BAHAMINYAKAMWE, L. 1985, Contribution a 1'étude de l'utilisation agronomique
des phosphates naturels de Matongo-Bandaga (Burundi). Faculté des
Sciences Agromomiques Université du Burundi.

BANERJek, B.K. 1979. Characterization of rock phosphate, .In Bulletin
lndian Soc. So0il sci, No. 12, Phosphates in Soils, Crops and
Fertilizers: 149-159,

BANGAK, K.C., ~.5. YAuaAV, and n.M. MISHRA, 1985, Transformation of rock
Phosphate during composting and the effect of humic acid,
Plant and Soilj, 85: 259-266,

CH1EN, S.H., L.A. LEON, and H,R. TEJEDA. 1980, Dissolution of North
Carolina phosphate rock in acid Columbian soils as related to soil
properties. Soil Sci, Soc. Amer, J,, 44: 1267-1271,

CUNNINGHAM, E., and H. SILBERT. 1985, The Cargill phosphate project,
Proc, Canadian Fertilizer Inst, 8th Annual Meeting Phosphate
Technology Conf, Bathurst, N,B. Canada,

DASH, R.N., S.K. MOHANTY, and 5. PATNAIK., 1981, Chemical composition
and reactivity of some Indian Roek phosphates, Indian Soc. Soil
Sei., 29: 559-562,

DE, S.K. 1963, 1India's comtribution to the study of phosphate fixation by
soils, clay minerals, hydrous oxides and lime. Indian Soc, Soil
Sei. Joy 11: 195-201

URAKE, M., and J.E, STeCKEL, 1955. Solubilization of soil and rock
phosphate as related to root cation exchange capacity. Soil Sci,
Soc, Amer, Proc,, 19: 449-450,

142

13

14

15

16

17

18

19

20

21

22

23

24

25

Fl

H(

Kl

K1

Ll

L]

M/

M4

Ms

M.

e



63,

ue

13

14

15

16

17

18

19

20

21

22

23

24

FRIEND, M,T., and H.F., BIRCH, 1960, Phosphate responses in relation to
soil tests and organic phosphorus, J, Agric. Sci, 54; 341-347,

HOWELER, R.H., and C.M. WOODRUFF. 1968, Dissolution and availability to
plants of rock phosphates of igneous and sedimentary originms.
Soil Sci, Soc, Amer, Proc., 32: 79-82

KHASAWNEH, F.E,, and E.C. DOLL, 1978, The use of phosphate rock for
direct application to Soils, Advances in Agronomy, 30: 159-205,

KRISHNAMURTHY, R. 1978, A manual of compost and other organic manures,
Today and Tomorrow's Printers and Publishers, p.169,

KURTZ, L.T. 1953, Inorganic phosphorus in acid and neutral soils. In
W.H, Pierre and A.G. Norman, (Eds), Soil and Fertilizer Phosphorus
in Crop Nutrition., Amer, Soc, Agron. Momog., 4: Acad, Press,

New York, N,Y., U.S.A., p. 59-88,

LANDA,C.J. GOURDIN, P. HOLLEBOSCH, and C, KIBILITI., 1983. Contribution
a 1'étude de 1'utilization des roches phosphates due Burundi
en agriculture, 1, Granulométrie, teneur en phosphate et en
potasse, ISABU No. 30, 21 pp.

LEVESQUE, M., and M, SCHNITZER. 1967, Organo-metallic interactions in soils.
6. Preparat1on and propertxes of fulvic acid - metal phosphates,

L1PMAN, J.G., and H,C, McLEAN, 1916, Sulfur oxidation in soils and its
effect on the availability of mineral phosphates, Soil Sci., 23
400-538,

MACKAY, A.D., J.K. SYERS, R.W. TILLMAN, and P,E.H., GREGG. 1986, A simple
model to describe the dissolution of phosphate rock in soils,
Soil Sci, Sec, Am, J,, 50: 291-296,

MANDAL,S,C, 1975, Phosphorus management of our soils, Need for a more
rational approach. J. Indian Soc. Soil Sci., 23: 141-157,

MATHUR, R.S., S.P., MAGU, K.V, SADASIVAM, and A.C. GAUR. 1986,
Accelerated compost and improved yield, Biocycle, Feb, 1986: 42-44,

MATHUR, B.S., A.K. SARKAR, and B. MISHRA. 1980, Release of nitrogen and
phosphorus from compost charged with rock phosphate., J.Indian
Soc, Soil Sci., 28: 206-212

MATHUR, S.P., J.-Y. DAIGLE, M. LEVESQUE, and H, DINEL. 1986. The
feasibility of preparing high quality composts from fish scrap
and peat with seaweeds or crab scrap. Biol, Agric. & Hort,, 4: 27-38,

MATHUR, S.P., and G.W. JUHNSON. 1986, Tissue-culture and suckling mouse

tests of bacterial toxims in peat based composts of fish and crab
wastes, Biol, Agric., and Hort., (In press)

143



27

27

29

30

31

32

33

34

35

37

38

39

MATHUR, S.P., M. LEVESQUE, J.-Y, UAIGLE, and H. DIN&L. 1985, Peat as a
medium for composting fish and crab wastes, Intern, Peat Symposium
85., Intern, Peat Soc, Kiviere-du-ioup: 279-290,

MEEK, B.®., L.E. GRAHAM, T.J, DONOVAN, and K.S. MAYBERRY. 1979,
Phosphorus availability in a calcareous soil after high loading
rates of animal manure, Soil Sci., Soc. Amer. Proc., 43; 741-744,

MISHRA, M.M., K.K. KAPOOR, amdK.3. YADAV. 1982, Effect of compost enriched

with Mussoorie rock phosphate on crop yield, Indian J. Agric,
Sci., 32: 674-678,

MASHRA, M.M., A.L. KHURANA, S,5. DUDEJA, and K.K. KAPOOR. 1984,
iffect of phosphocompost on the yield and P uptake of red gram
(Cajanus Cajan (L) Millsp.), Trop. Agric., 61: 174-176,

MOTSARA, M,R., and N,P., DATTA. 1971. Rock phosphate as a fertilizer for

direct application in acid soils, J, Indian Soc, Soil Sei,, 19:
107-113,

MUKOWUNYE, A.U,, and S.H. CHIEN, 1980, Reactions of partially acidulated

phosphate rock with soils from the tropics, Soil Sci, Soc. Amer. Jey
44: 477-482,

NASH, W.P. 1984, Phosphate minerals in terrestrial igneous and metamorphic
rocks In J.0. Nriagu and P.B. Moore (Eds). Phosphate Minerals,
Springer-Verlag, New York, N.Y. pp.241-251,

MATHAN, Y. 1984, The mineralogy and geochemistry of phosphorites. In
J.0. Nriagu and P.B. Moore (Eds), Phosphate Minerals. Springer=-
Verlag. New York, N.Y. pp,275-291,

PIONCELOT, R.P. 1975, The biochemistry and methodology of composting,

The Conmecticut Agricultural Expt, Sta, Bull, 754, New Haven,
Conn,, U.S.A.

PRésTON, C.M., J.A. RIPMEESTER, $.P. MATHUR, and il. LEVESQUE. 1986,
Application of solution and solid-state multinuclear NMK to a
peat-based composing system for fish and crab scrap, Can, J.
Spectroscopy, (In press)

AAJAGOPAL, C.K., and M.A. IDNANI. 1963, Some aspects of fertilizer

phosphorus fertilization in the Nilgiri soil. Indian Soc. Soil Sci.
Joy 11: 141-149,

RLTTER, J, 1986, Compost shows promise in farmer field trials. The Farmer
(Minnesota), 19 April, 1986: 39-40,

SANWVIK, P.O., and G. ERDOSH. 1984, Geology of the Cargill phosphate
deposit in northern Ontario, In The Geology of Industrial Minerals

in Canada, special volume 29, Canadian lmst, Mining and metallurgy,
Montreal, H3A 2M8: m 129-133,

144

40

41

42

43

44

45

46

47

Sl

S

S

Wi

W1



40

41

42

43

44

45

46

47

SHINDE, B.M., P.A. SARANGAMATH, and S, PATNAIK. 1978. Phosphorus
transformations from rock phosphates in acid soils and measures

for increasing their efficiency for growing rice (ngza sativa L,)
Plant and Soil,, 49: 449-459,

SINGH, C.P. 1985, Preparation of phospho~compost and its effect on the
yield of Moong' bean and wheat, Biol. Agr., and Hort,, 2: 223-229,

SINGH, C.P., D.S, RUHAL, and M, SINGH, 1983, Solubilization of low grade

rock phosphate by composting with a farm waste, Pearl-millet Boobla,
Agricultural wastes, 8: 17-25,

SMITH, A.N, 1965, Aluminium and iron phosphates in soils, J. Aust,
Inst. Agric, Sci,, 31: 110-126,

SUBRAMANIAN, K., and G, GOPALA REDDY. 1979, Availability of phosphorus
in rock phosphate with respect to level of application and particle
size, Bull, Indian Soc, Soil Sci., 12: 516-518,

SYERS, J.K., and A,.D, MACKAY. 1986. Reactions of Sechura phosphate rock

and single superphosphate in soil., Soil Sei, Set, Am, J., 50: 480-485,

WALUNJKAR, W.G., and C.N. ACHARYA, 1955. Effect of compost prepared with
superphosphate on crop yield, J. Indian Soc, Soil Sei., 3: 7-13,

WILDA, A., and O.L. OKE, 1966, Organic phosphate compounds in calcium

chloride extracts of soils: Idemtification and availability to plants,
Jour, Soil, Sei.,, 17: 356-371,

145



CSC TECHNICAL PUBLICATION SERIES No.226 CSC(87)WMR-9

Agrogeology in Africa

PROCEEDINGS OF THE SEMINAR
23-27 JUNE 1986, ZOMBA, MALAWI

Commonwealth Science Council International Development
Commonwealth Secretarial Research Centre
Marlborough House PO Box 8500

Pall Malil Ottawa, Ontario

London SW1Y 5HX Canada, K1G 3H9

July 1987




