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Abstract: Preliminary inivestigations to increase the availability of phosphorus in Eppawala
apatite were carried out. Samples of an ultisol (Reddish Brown Latasolic soil) and an alfisol
(Reddish Brown Earths) amended with animal manure or straw or sulphur at 29 were
incubated separately with finely ground apatite at 50% field capacity or under flooded
condition. Olsen’s P of the incubated soil samples determined at fortnightly periods indicate
that the release of phosphorus in apatite is increased by straw and animal manure under
unflooded conditions. Under flooded conditions only animal manure was effective. Straw did
not show any significant influence.

i. Introduction

Phosphate rock is one of the primary raw materials of the world’s chemical fertilizer
plants. Apatite is an important phosphate rock of igneous origin and deposits of this
material in various forms occur.ina number of countries.!” In Sri Lanka, large
deposits of apatite are known to occur in Eppawala in Anuradhapura District. The
plant available P in apatites is generally low ''?' and hence, processing of this material
to increase its P availability is usually carried out. As this process involves energy and
other raw materials the final product tends to be more expensive.

Various methods of increasing the P-availability in apatite materials such as
applying the fertilizer material a few weeks before planting the crop, incorporation
of sulphur? or animal manure'® along with apatite are shown to be effective. As -
availability of P in apatite is usually greater in acidic soils,! studies were carried out to
examine the influence of mixing Eppawala apatite with acidifying materials on P
availability under upland and lowland conditions.

2. Materials and Methods
Soil samples (‘< 2 mm in diameter) of two tropicalsoils viz. Reddish Brown Latasolic
(RB1) and Reddish Brown Earths (RBE), finely ground sulphur and lightly ground
particles ( < 2 mm) of straw and animal manure (cattle dung) were used in the study.
The phosphate rock material used was a finely ground sample of apatite deposits
found in Eppawala located in the North Central Province of Sri Lanka. The totaland
Olsen’s P of the materials used are indicated in Table 1.
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Experiment 1

Samples of Reddish Brown Latasolic (RBL) and Reddish Brown Earth (RBE) were

mixed separately with dried animal manure (cattle dung), dried straw or powdered:
sulphur at 29%. The apatite material was also incorporated with these mixtures atthe .
same rate and incubated at room temperature and at 509 field capacity over a period-
of 12 weeks. Controls (soils alone and soils mixed with cattle dung or straw or sulphur) -
were similarly incubated. At fortnightly intervals, samples taken from the incubating -
mixtures were analysed for Olsen’s phosphorous!? by blue colour method!® Each -
treatment was triplicated. e

Experiment 2

Soil mixtures except those with sulphur, prepared as in Experiment 1 were incubated
under flooded conditions (1” water maintained above the soil level) at room.
- temperature. Olsen’s P was determined as in Experiment 1.

3. Results and Discussion

Olsen’s P or NaHCO, extractable P is considered a good indicator of the plant
available phosphorus in a soil!3 During incubation of a soil, available P content tends
to increase due to mineralization of orgahjc phosphorous by soil micro-organisms!$
Some of these organisms are capable of ._di_sSolving P containing minerals!? secreting
organic acids such as < — ketoglutonict, lactic and acetic.!® Available P tends to
decrease due to chemical factors!? Thus, the available P content, indicated by Olsen’s
P,3 at any mbmc_nt- depends on the net effects of these processes. Dissolution of
phosphate rock depends to a great extent on the nature of the material itself*$” and
also on soil factors."s

Experiment 1

‘Results of the first experiment (Tables 2 & 3) indicate that during incubation, Olsen’s
~ Pin soil and apatite mixtures have increased gradually in the first 4-6 weeks and there-

after remains more or less constant in RBE or tends to decrease in RBL. As could be
-expected, incorporation of apatite has increased Olsen’s P over the control although -
the differences are not significant. Available P in soils incubated with straw or cattle-
-dung also show a tendency to increase similar to that in the previous treatments. There

. 1s a significant increase in available P in soils incubated with cattle-dung in RBL soils .
- during the 4th - 8th week and RBE soils during 2nd - 6th week. This increase is likely to

be due to high P content in cattle-dung (Table 1) which may have got partly

solubilised during incubation. In soil-straw mixture, Olsen’s P has not significantly

increased during incubation: This could be due to low P content of straw (Table 1) and
‘microbial immobilization which is known to take place with an increase in the

microbial population? brought about by the incorporation of carbohydrate rich

material such as straw, 14 ' :
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“of the materials used in the study (Average of 3).

Total P mg/100g " Olsen’s P -ppm

atasolic soil Co122 6.7
Earth soil 8.4 ' 12.4
= 1280.0 0.6
176.1 0.8

12.4 —

. qf RBL samples incubated at 50% field capacity in ppm (Average of 3).

. Weeks _
o 2 4 6 8 10 12
66 89 96 9.7 105 102 9.8
66 101 104 111 114 109 102
6.7 7.1 g1 105 116 116 110
747 102 128 126 127 126 117
69 87 94 86 98 92 90
66 103 111 131 135 114 120
76 117 - 146 152 137 139 124
6.8 g8 102 98 96 101 - 102
1.4 16 . 14 1.6 1.3 27 24

— Cattle-dung
- Sulphur
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Table 3. Olsen’s P of RBE samples incubated at 50% field capacity in ppm (Average of 3).

Weeks
0 2 4 .6 8 10 12

Soil » 12.2 14.3 14.7 15.3 15.7 154 157

Soil + A 12.8' 15.5 16.1 16.2 16.0 16.3 16.0

Soil + ST 124 131 13.8 15.7 16.7 15.9 15.1

Soil + CD ' 12.2 17.1 17.8 18.4 18.8 18.9 188,

Soil + § 12.3 15.2 14.9 15.4 16.2 16.1 16.4

Soil + A + ST 12.9 18.2 19.0 19.3 19.5 19.3 19.6

Soil + A + CD 12.4 19.2 20.7 21.0 20.8 21.6 206

Soil+ A + 8 13.1 15.3 16.5 16.4 16.5 16.4 16.8
. LSD 5% 1.8 1.6 25 2.3 2.5 29 - 21

/A — Apatite

ST — Straw

CD — Cattle-dung

S — Sulphur

Effect of organic matter

In treatments where soil-organic matter mixtures are incubated with apatite, Olsen’s P
has significantly increased over the corresponding controls. This increase is observed
_in the case of cattle-dung apatite mixture during the periods 4th - 6th and 2nd - 6th
week in RBL and RBE respectively. Mixing apatite with straw also has increased the
available P content significantly during the 2nd - 8th and 2nd - 12th week periods in
RBL and RBE respectively. These results show that decomposing straw and cattle-
dung have a solubilisation effect on apatite probably due to increased microbial
activity which is known to cause production of acids.!® However, this effect appears to
be more with straw than with cattle-dung and more in RBE than in RBL. Singh and
Datta'8 also reported that mixing farmyard manure with phosphate rock increased P
utilization by paddy.

Effect of sulphur

In soils incubated with sulphur, available P has increased but not significantly. This is
so even when apatite is incorporated, indicating that incubating with sulphur has no
net influence over P availability. Singh and Datta!8 also did not get consistent results
in a P utilization study in rice with sulphur but Bromfield3 found that incorporation of
S increased P uptake in ground nut.
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'mons (Tables 4 and 5) too, ava11able P has mcreased during
-more than at 50% field capacity. When a soil is kept flooded,
jons develop, red-ox potential drops and more soluble phosphorous
em:!6 The increase in P availability underfloodcd conditions could be

d -the 2nd ‘week. In soil organic mattcr mixtures incorporated with
lable P has increased significantly over the corresponding controls only in
il cattle-dung mixture. These observations indicate that during anaerobic
of cattle-dung, insoluble P compounds in soil and apatite tend to get
d but when straw undergoes decomposition under flooded conditions, only
ompounds tend to get mobilized. :

Olsei’s P of RBL samples incubated under flooded conditions in ppm (Average of 3)

-Weeks o
o 2 4 6 8 0 12
73 96 105 112 116 122 126
74 112 140 142 151 159 160
75 95 122 159 152 167 175
81 135 145 145 166 163 157
74 102 123 144 145 152 161
85 154 165 181 197 187 200
16 17 18 21 16 21 20

'Ap’é.tite ‘
Straw.
Cattle-dung -

~These results indicate that mcorporauon of organic materials such as cattle-
straw tend to increase availability of phosphorous in Eppawala apatite

7 nﬂooded conditions. As this increase takes place only for a limited period, = .
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applications of organic materials may have to be timed in order to obtain the
maximum benefit of enhanced P availability. Under flooded condition, only cattle--
dung appears to be effective in increasing P availability in Eppawala apatite.

Table 5.~ Olsen's P of RBE samples incubated under flooded conditions in ppm (Average of 3).

Weeks
0 2 4 6 8 10 12

Soil 12.4 15.4 16.2 17.4 17.6 16.9 17.1
Soil + A 12.8 16.4 17.4 18.2 18.9 18.4 18.5
Soil + ST 13.2 14.8 16.4 188 214 208 214
Soil + CD 13.1 17.5 19.5 198  20.1 204 203
Soil + A + ST 12.9 14.5 16.3 182 208 204 206
Soil + A + CD 126 204 21.8 219 228 23.8 242
LSD 5% 1.8 2.0 2.2 2.0 24 2.6 2.6
A — Apatite

ST — Straw

CD — Cattle-dung
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