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DISSOLUTION OF ROCK PHOSPHATE IN AN ACID SOIL AND
THE FERTILISER QUALITY OF THE MIXTURE OF ROCK
PHOSPHATE AND SUPER PHOSPHATE AS AFFECTED BY STORAGE

TEMPERATURE AND HUMIDITY
dedk de vk ko deok ek

ABSTRACT

Four grades of URP (6.35 to 14.75 % P) were
characterised for their apatite structure using the
cumulative P content by & :cessive extraction (five
times) with ammonium citr..ce and a chemical statistical
model to compute the unit cell dimension, age The
chemical formula of apatite was calculated form a e
From the total P content and Mg content of the rock and
the theoritical P percentage (17.8 %) of apatite in
the rock, the amount of apatite and dolomite in the rock
was calculated. The chemical composition and unit cell
dimension of apatite in all grades'of URP was found to
be same having the formula Ca .9.9'1' NaO.O'?, ’ggO.TOZ
(Po,) 5.72 (co‘.’)o.28 F, 11 @and a  of 9.366 A~. ‘“he
apatite content of the rock phosphate varied between
35.67 to 82,86 per cent and dolomite content varied
between 14.58 to 54.6 per cent. The high grade contained

the highest amount of apatite and lowest amount of dolomite.

The application of all the grades of rock phosphates

increased the available P content of the soil but the

dissolution of the rock and availability of P was dependent

on their dolomite content. Increase in dolomite content

decreased the avéilability of P. Application of mixtures of
SSP and URP in 1:1 proportions increased the P availability
as compared to rock phosphate application at equal level of

P. Further, addition of phosphobacterin (containing lO9
viable cells per gram) to soil at the rate of 2 to 6 kg/ha

increased the availability of P from rock phosphate and its




mixture applied to soil. Addition of a carbon source like
glucose along with the bacterial culture increased the
bacterial activity and solubilised more P from URP and its
mixture with SSP.‘

Sstudies on effect of storage temperature (room
temperature and 40°C) and relative humidity (50 %, 70 %
and 90 %) on different forms of P in SSP and its 1:1 and
1:3 mixtures with low grade URP showed that the water
soluble P decreased and citrate soluble P inéreased with
increasing storage time for SSP. The water soluble P
content of the mixture decreased initially and then
increased whereas the citrate soluble'P content increased
at 15 days of incubation as compared to the citrate
soluble P at O days. However, the available P content
of the mixture did not change significantly. even after
one year of storing the material in polythene bottles at
room temperature. Therefore, the mixtures of SSP and URP
can be safely stored for a reasonable time before use
without decreasing the available P present in the mixture
after preparing the mixture.

* k%
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CHAPTER -~ I

INTRODUCTION

Phosphorus is one of the essential elements for
plant growth which plays an important role in plant metabolism
without which 1life cannot exist on the earth. This element
was found to be a principal constituent of some igneous and
sedimentary rocks. Phosphatic rock and apatlite are referred
to microcrystalline calcium fluorapatite of sedimentary origin
and macrocrystalline fluorapatite of igneous origin respectively.
The work on phosphate nutrition of plant carried out in India
and abroad suggest that about 15-25% of the added phosphate
is only utilized by the crop. The applied water soluble
phosphatic fertilisers are likely to undergo transformation in
'the soil in accordance with the physical, chemical and biological
properties of the soll, Plants derive phosphate froin the
relatively 1less soluble transforied products after they undergo

a process of dissolution or solubilization.

In Ipdia nearly one third of the cultivated land is
under acid soils. A large part of Orissa is also covered with
~acidic red and lateritic soils having low available phosphorus
content and very high phosphorus fixing capacities. Therefore,
the quantity of phosphorus required to develop a satisfactory

potential are so great that it is not economical to satisfy



the absorptive capacity of these soil by using water
soluble phosphate carriers. So less expensive insoluble

and citrate soluble sources of phosphorus 1like rock phosphate
and its mixture with water soluble phosphatic fertiliser

like single super phosphate (SSP) needs to be tested as a

source of P fertiliser.

The rock phoéphate deposits of India is estimated
to be about 180 million tonnes (Choudhary and Subramanian, 1988)
and the bulk of the known reserves are boradly clustered
in.ﬁour geographical locations viz, Uéipur area in Rajusthan
Jhabua in M.P, Hirapur area of Sagar district, Lalitpur
district and Mussoorie areas of U.P. About 50% of the known
national phosphate resource is clustered around Uduipur. The
Indian rock phosphates are of low grade and poorer quality
as compared to the imported rock phosphates such as Moroco,
Jordan or North Carolina. Bulk of the phosphate reserve
is having P,0g content ranging between 15-22%. The industrial
use of the rock phosphate are limited since benification is
difficult and prove to be expensive. It is in the backdrop of
this scenario that the direct application of iadian rock
Phosphate assume significance. The relevance of direct applica-
tion also assumes importance in view of the fact that India's
phosphate requirement is fairly large and the co'ntry is
likely to remain critically dependant on the import of rock

phosphate and sulphur required for production of Phosphatic
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fertilisers currently marketed in the country. Therefore,

number of studies have been made to explore the possibility

of direct use of indegenous rock pi:osphates as phosphatic
fertiliser. Many such studies have si._..n that rock phosphate
can be directly used in struagly acid soils and mixtures of

soluble phosphatic fertiliser like SSP and rock phosphate in

slightly acidic soils for crop production.

However, such mixtures are neither available in
market nor the change in available P content of the mixture
on prolonged starage is known. The present investigation was

carried out with the following objectives.

1) To study the dissclution of Udaipur roc.
phosphates of different grades and 1its mixture
with super phosphate in an acid soil and to
study the effect of associated minerals on the
solubilicy of P in the rock.

2) To investigate the effect of applicaticn of
, phosphate solubilising bacteria on avallability
of P in soil treated with rock phosphate.

3) To study the effect of storage temperature and
humidity on the transformation of available P
in SSP and its mixtures with rock phosphate.
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CHAPTER - II

REVIEW OF LITERATURE

Phosphorus being one of the most important
essential elements for growth of plants has drawn the
attention of soll Scientists and agronomists for a long
time. More soil fertility investigations have been conducted
on phosphorus than on any other element. Yet characterisation
and ¢. .¢ssment of its availability has not been fully
possible. Rock phosphate is the main source i P for
manufacture of all the phosphatic fertilisers. A& large part
of the rock phosphate ’deposits of India are of l.w grade
Phosp..ates and cannot be economically used for production of
phosphatic fertilisers., It is for the soil sciecuicdsts and
fertiliser technologists to work out the ways and means
through which we will be able to make best use of the raw

materials that we have in the country.

COMPOSITION OF ROCK PHOSPHATE STRUCTURE AND ITS AVAILABILITY

The primary source of phosphorus in rock phosphate

is the mineral apatite which is present in the form of

finely divided fluorapatite, hydroxy apatite and Chloroapatite.

The composition of rock phosphate varies widely not
only from source to source but also within the same deposits.
Its composition may vary depending upon its depth and
location. In rock phosphate, all most all phosphorus exists

as water insoluble triéalcium:phosphate in the apatite



—5-

constituent of the rock. Lack of adequate, rapid and
precise simple laboratory procedure and mineralogical
guidelines for predicting the suitability of rock phosphate
for direct application, is probably another proulem
coming in the way of spread of rock phosphate as a

fertiliser.

Rao and Rao (1971) conducted textural, ..aneralogical
and petrographic studies on some of the Indian rock phosphate
Obtained from Udaipur, Mussoorie, Kanpur and Biramania
in Rajasthan. These studies revealéd that mussoorie phospi..rites
contain phosphatic minerxr.i in the form of collophane which
is pelletal, interstitial, massive and isotropic and is
rarely crysto crystalline or micro-cryptocrystalline. Infreaired
spectra along with chemical analysis shows that the sample
of phosphorites from mussoorie and Biramania can be called
carborate hydroxyl fluorapatite, while those from Kanpur and
Maton fall in the catagory of fluorapatite. Tt also shows wcne
possibllity of substitution of C for P in the phosphorites
of Mussoorie and Biramania. Callopnane from Maton and Kanpur

areas occur in precambrian rock and approach fluocrapatite

in composition.

The citrate soluble P in the rock was correlated
with its efficiency (Khasawenh and Doll, 1978) Dash et al.
(1988) have reported that the Indian phosphate rocks contained
much lower amounts of citrate soluble P compared to many

exotic phosphate rocks. The reasons for this was investigated



-
in a series of studies on the crystal chemical struccture of
apatite of the phosphate rocks. The pure fluorapatite may be
represented by formula Ca;q (P°4)6 F,. Sedimentary phosphate
rocks contain fluorapatites which are affected by isomorphos

replacements of their constituent 1ons<Ca2*~, P0,>" and B by

4
2+ 2=~

(Na¥, k¥, Mg<™h), (o™ + F ) and (OH , C17) respectively. The

electrostatic imbal-nce resulting from the substitution of

planar CO32° for tetrahedral Po43' is only partially corrected

by substitution of F  in vacate oxygen sites so that a coupled
monovalent cation substitution for Ca2+ 1s necessary to maintain
electrostastic neutrality in sedimentary apatites, the cations
most likely to replace ca®t are Na', Mg2+ and K*. chien (1977),

from a consideration of change in free energy showed th:t the

2=

degree of CO3 + F substitution appear to affect the solubility

of P from the apatite in neutral ammonium citrate. This

isomorphos replacement also affects the unit cell dimensions

(ay and Cy) of the hexagonal ap. tite crystal.The unit cell

dimensions are determined by the X-ray diffraction analysis and a

related computer programme (Mc Clellan ...d Lehr, 1969). The 44

value ranges from 9.322 AO for such highly substituted apotite
to 9,376 AO for zero substitution (fluorapatite). These variations
are systematic and are directly proportional to the degree of

(303 substitution in the apatite crystal. From informations on a

0
Ob ained from X-ray diffraction, the apatite of sedimentary

Phosphate rocks could be calculated (Mc Clellan and Cremilion,
1980). ‘

Several authors (Lehr and Mc Clellan, 1972, Ol sen

1975, Chien and Bleck 1976, Chien 1977) opined that the



reactivity of phosphate rock utilized for direct application
varies with mineral compositiois and the solubility of P in

a phosphate rock source can be used as an index of its
reactivity. Chien and Hammond (1978) studied the reactivity
of phosphate rocks and suggested that factors such as

(1) presence of calcite depress the apatite solubility in
neutral ammonium citrate, (ii1) the grade of the phosphate
rock affect the apparent solubility and (iii) the textural
effect of apatite and silica intermixing, need to be
considered wheh the correlation of cheadcal reactivity of the
various phosphate rocks and their agronomic effectiveness

are compared.

Caro and Hill (1956) have observed that physical
compactness or surface area rather than the particle size is
associated with reactivity of rock because there is no definite
relationship between.particle size and surface area. They also
proved that the presence of phosphate bound carbonétes-in
apatite increased the solubility of phosﬁhorus from rock
Phosphate where as fluorine decreased it. Howeller and

Woodruff (1968) reported thac CaCo., incorporated within the

3
apatite structure by replacing phosphate group by CO

5 OH

group decreased the crystallinity of rock. But the free

CaCo3 particles intermixed with apatite particle were indifferent
with availlable phosphorus of rock phosphate. Further they
observed that absence of carbonate from the apatite crystals

in cas€ of rocks of igneous origin resulted in « strong
crystalline structure and very low availability of P. Chow(1966)
showed that the availability of phosphorus in natural phosphates

increases with the increase of carbonate content in fluorapatite.
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He olso revealed that compactness and regularity

of the crystal lattic were of primary importance wher-as
the grainness of rock were of secondary importance. Armiger
and Fried (1957) emphasised the significance of chemical
and physical properties of different rock phosphaces for
determining the agrono mic value of these materials and
explained that carbonate content of rock :phosphate was
responsible for availability of phosphorus except in low

fluorine curacao rock.

Benette gt al. (1957) studied the  availability
of phosphorus from various sources of roék phosphates in the
green house and did not f£ind any correlation between fluorinc
content and phosphorus availability to plants. According to
them chemicyl solubility was a better measure of availability

than fluorine contant or specific surf:.ce.

Lehr and Mc Clellan (1972) examined the im ortant
World deposits and observed that with few exception the
apatites are not fluorapatite, but belonged to series of
cerbonate apatite in which PO 3-

4
by CO3 and F, and Ca by Na and Mg in the apatite structure.

was partially replaced

They also found that citrate soluble P of the apatite
increased as the degree of CQB substitution for p043’in the
apctite structure increased. Chien and Black(i976)end Chien
(1977) found that the substitution of CO3 for PO4 in apatite
structure decicase the free energy of neutralisction in the
acid solution, resulting in an increase in the chemical

reacitivity of phosphate rock and the more the degree of
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- substitution thegreater 1s the chemical reactivity of

pPhosphate rock.

The reactivity of sedimentary phosphate rocks as
measured by extraction with ammonium citrate is considerably
1nflhenced by the amounts of accessory minerals like calcite,
dolomite gypsum etc. present in the phosphate rock sample.
Pattnaik (1988) reported that higher content of these minerals
consume a part of the added citrate, as a result of whi-
the release of P into the extractant is reduced in the first
extraction. Successive extractions of phosphate rocks with
ammonium citrate showed that the citrate soluble P in general
decreased with each successive extraction. Thiz ‘as more
marked for the first 3-6 extractions after which the values
remained more or less unchanged. The increase in cummulative
P both as percent of rock and as percent of P in the rock,
in the successive citrate extractions was .e¢ss marked in the
rocks containing lower amounts of citrate solublc P like
Indian phosphate rocks as compared to those of foreign
origin. The petrological examination of different phosphate
rocks showed that the apatite in most sedimentary oreé was
homogeneous. Most of the P forms in a given deposit consisted
of a single type of apatite whose physical and chemical
characteristics ure relatively uniform. However, the content
of apatite in the ore varried considerably from one location
of the deposit to another. Therefore, the reactivity of the
phosphate rock for a given deposit cannot be related to the

grade of the ore, but can be better expressed in terms of
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the grade of the apatite which is relatively uniform

in a given deposit.

ROCK PHOSPHATE TRANSFORMATION AND AVAILABILITY OF P
IN ACID SOILS

The fate of applied phosphores in soil is mainly
regulated by adsorption, isomorphous replacement and double
decomposition reaction in soil. The insoluble P in rock
phosphate is solubilised by action of soil acidity. The
hydrogen ions are furnished principally by the hydrolysis of
a13*, the amount of Fe and Al - phosphates formed would i.
expected to depend on the relative gquantities of active Al
and Fe present in the soil. In all the <xperiments a det;nité
relationship exists between soil acidity and iron content
in one hand and parent rock decomposed and Fe-phosphate Al-
phosphate ratio on the other. Another factor is the increase

in the Fe-phosphatq/Al-pnosphate ratio with time. This would

be expected from relative solubilities of Fe and Al-phosphates.

Hsu and Jackson (1960) have stressed the importa..e
of pH in the formation of Fe and Al-phosphates in acid soils.
In acid soils, one would expec. the reactions to be either of

the following two as given below.

- - 3+
Hy, PO, + 20H + Al™" __ - Al(OH), H, PO

4
H, PO.~ + 20H  + Fe>* Fe(OH)., H., PO
2 Y% — 2 2 POy
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The above reactions may occur with Al3+ and Fe3+

in solution. They also may occur with adsorbed oxides or

hydroxides of Al and Fe. In the first instance the H, PO,

2 4
ions are precipitated while in the second they may be regarded
as adsorbed. Both types of reactions apparently occur in
acid soils, but in more weathercu solls the amounts of a
adsorbed Al and Fe com; .unds are vastly } ‘gher than the

3+ 3+

guantities of Al and Fe in solution. Thus most phosphate

is adsorbed in such soils. Jackson (1962) has suggested that
the final product formed has about t}: same properties whether

precipitated aor adsorbed.

Ellis et al. (1955) suggested that soil acidity h 3
a marked influence on the availability of P from rock phosphate,
the avaiiability increases as the pH is lowred.Rock phosphate
is decomposed by acid to form monocalcium phosphate and
other soluble compounds. Once H,PO, ions are formed, their

2" 74
fate depend upon soil environment.

+ +

- +
Cay (PO,), + 4H" __ 2H,PO,” + 3Ca

Bhujabal and Mistry (1981) experimenting with Indian
phosphate rocks observed that citrate solubility of the
phosphate rock increased as the mole rations of CO,:PO, in
each apatite increased. The solubility of phosphate rock
incubated in an acid soil under flooded condition increased

upto 3rd week and decreased thereaiter. Pot experiments

conducted by Atanasiu (1977) on acid soils from d‘fferent

3
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humid troplc regions demonstrate a superiority of citrate
soluble phosphate over water soluble phosphate with respect
to yields and phosphorus uptake of crop plaiats. Incubation
experiments show a higher fixation of water soluble phosphate

in these soils. Fleld experiment confirms these results.

Juo and Kang (1978) studied the availability and
transformation of two rock phosphate samples from Morocco and
North Carolina and compared it with concentrated super
phosphate. They found that the relative effectiveness of the
three phosphorus sources followed the order CsP » North
Carolina > Morocco. A larger portion of rock phospiate (Ca-P)
applied to soils was transformed ir:o X:-P and Fe~P from
North Carolina sources than from Morocco source after 90
days of incubation. In an incubation experiment the
dissolution pattern of six Indian rock phosphate in acid soils
was studied by Kumar énd Mishra (1986). The rate of dis.olutiocn
of each rock phosphate was rapid in the 1lst week and decreased
therecafter. Most of the dissolution occured within six weeks
of application. Increase in pH and Ca-concentration in the
solution due to dissolution of rock phosphate seem to have
depressed the rate of dissolution during the later stages.

The amount of impurities present in rock phosphate such as
Calcite, dolomite and iron oxides appear to have had considerable
on the rate of dissolution in soils. Low rate of

effects
dissolution of mussoorie rock ..osphate might be due tc the

presence of high amount Of Calcite and dolomice, which would

lower the acidity and thereby decrease the rate of dissolution

of apatite mineral.

s
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Saranganath, Shinde and Patnaik (1977). Studied
the 32 tracer on the methods of increasing the efficiency
of ciéiate soluble and insoluble phosphaces for rice and
acid soils. They found that a considerable proportion of
the applied phosphates even from DCP and TCP were conve. .ed
to Al-p and/or Fe-P due to gradual dissclution by the H*
ions of the system resulting 1n.1ncreased clsen and Bray
P. Dry matter production of rice and utilization of
applied P was found to be higher when the P-carriers were

applied to moist acid soils 2 Wweeks before flooding than

when these were applied at flooding.

Sawarkar and Dikhit (1990; studied the effect
of oxalic acid industry waste as a gsource of sulphur and
its effect on the availability of P from rock phosphate.
This factory waste which contained 16% S and 5% free acidity
as H2 so. when applied with rock phosphate increase the

4
uptake of S, P, K, Ca and Mg by Maize and Soyabean

significantly.

. Chien (1978) studied the interpretation of Bray-1
extractable phosphorus from acid soil treated with phosphate
rocks. Incubation increased the amount of P extracted with
Bray-1 from the soil treated with phosphate rock at the rate
of 800 ppm P added, the émount of Bray-1 extractable P

derived from the unreacted phosphate rocks varied with the’

source of the phosphate rocks ranging from 9.6 to 93.7 ppm.

The amounts of Bray=-1 extractable P in the soil treated wigp
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phosphate rocks before and after incubation correlated

- very well with the citrate soluble P of the phosphate
rocks, the amount of phosphorus extracted from the unreacted
pﬁosphate rocks decreased as the application rate

increaéed conversely the contribution from the unreacted
phosphate rock to the total Bray-1 extractable P in the
samples incubated for 3 weeks increased as the application

rate increased.

Narwal et al. (1990) studied the efficiency of
TsP and mussoorie rock phosphate mixture incubated with
. sulphitation process press mud. A green house experiment was
conducted to study the efficiency of TSP vis-a-vis mixture
of TSP and MRP in ratio of 1:1 at 3 levels (0,25,50 ppm P)
with and without incubation with press mud of sulphitation
process at 4 levels for wheat on a sandy soil. Application
of press mud at the rate of 0.3% increased the dry matter
yield of wheat by about 2.8 times over absoiute control.
organic-carbon and phosphorus content of the soil after
harvest of wheat increased with increasing level of applied

P incubated with press mud irrespective of the source of P.

Syers and Mackay (1986) studied reaction of
Sechuraphosphate rock and SSP in soil for 90 days. The

rate and extent of dissolution of Spr measured by a single

extraction with 0.5 M NaoH increased as the PO4 -P adsorption
capacity of the soil in contrast the initial dissolution of

sSSP was independent ©f soil type. Whereas the amcunt of
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water and Olsen extractable P in soil to which SSP was
added declined from the time of application, the amounts
of Olsen and Bray extractable P in soils to which SPR was

added initially increased.

Chien et al. (1987) studied the combination of
finely ground rock phosphate and TSP represents a method
that can improve the agronomic value of PR at a lower cost
that would be required‘to manufacture the conventional
fully acidulated fertiliser from that same rock. Phosphorus
availability from PR appeared to increase with increase
in tﬁe proportions of TSP to PR in the TSP and PR hixtures.
Although PR alone was less effective than TSP, PR was just
as effective as TSP when mixed Qith TS® when mixed with

TSP at a P ratio of at least 1:1.

Terman, Bouldin and Lehr (1958) reported that
monocalcium phosphate is slightly more available than
dicalcium phosphate in alkaline soils but was less available
in acid soils. Availlability of octacalcium phosphate was less .
than dicalcium phosphate and decreased with increasing

soil pH above 4.8.

Chu et al. (1962) showed that transformation of
rock phosphate into both Al and Fe phosphate fractions
in soll decreased with increasing pH. The relationship between
the pH and Al-phosphate was essentially, the same for all
soils studies, whereas the amount of Fe-phosphate formed
varied both with pH and free iron content in soil, From

these relationship it appears that soils which respond well



to rock phosphate applications are those with low pH

and relatively low free iron content.

Chaudhury and Mishra (1980) found that the
transformation of rock phosphate in soil was mainly related
to soil acidity and_ phosphate potential as these tw6
soll parameters accounted for 94% variation i1in the

degree of transformation of rock phosphate.

Khaswnah and Doll (1978) found that Ca is one of
the product in phosphate rock dissolutions in acid soils,
which is released in amount proportional to the.rate of P
released. The dissolved P undergo transformation whi'e Ca
remain as an exchangable cation in soil solution, affecting
the rate of dissolution of phosphate rocks. They reported
that phosphate rock dissolution was greater when scil Ca

level were low.

EFFECT OF TYPE AND AMOUNT OF CLAY ON AVAILABILITY
OF PHCSPHORUS

It has been clearly established that soluble
phosphorus is liable to immobilization when it reacts with
silicate clays either by replacing hydroxyl groups attached
to the allumina sheets or by forming a clay -Ca-phosphate
linkage. The hydroxy groups attached to the broken edge
of Kaolinite may also be responsible for fixation of

phosphorus.
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- Studies on the reaction of monocalcium phosphate
with Kaolinite (Tahoun 1976) indicated gradual decomposition
of Kaolinite when it was treated with monocalcium phosphate
and the reaction was allowed to proceed at 50°¢C for a
period of 10 weeks. The decémposition was explained by the
formation of coordinate bond between octahedral Al of
kaolinite and phosphate ions where by metaveriscite, an
amorphos silicate are produced. De Dattaet al. (1966)
showed that within 4 days of equilibrium the concentration of
added phosphorus in soil solution was lowest 1in acid
lato-solic soil containing kaolinite type of clay mineral,
moderately high in soils containing montmorillonite and
essentially uﬁaltered in calcarious soils. They also
;fedicted that the soil containing kaolinite as the only clay
mineral fixed more of phosphorus than soil containing both
kaolinite and vermiculite. It was proved that the iron
ﬂbresent in the interlayers of vermiéulite did not account
fof phosphorus fixation although they were extractable
with dithionite. Olsen and Watanabe (1963) reported that
there exlsts a negative relationship between clay content
and solubility of phosphorus in soil solution. Gokhale
et al. (1954) working on acid soils Arepbrted that the acid
soils having low silica sesquioxide ratio of their clays
fixed up the soluble phosphate irreversibly hence they
preferred the use of rock phosphate and bone meal over
others 1in acid soils. Chatterjee and Dutta (1951) found

kaolinite to have the greater phosphorus f£fixing capacity
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than Montmorillonite. Lateritic soils having a
halloysitic type of clay colloid and high content of
alluminium and iron, together with corresponding 1lack

of bases caused relatively high fixation of phosphorus .

PHOSPHORUS AVAILABILITY AS AFFECTED BY FINENESS
OF PHOSPHATE RCCK

The degree of fineness to which the phosphate
rock is ground is likely to influences its availability
to plants. The more fine the material is ground the greater

is the surface of the material exposed to the soil.

Nair and Aiyer (1983) <conducted an incubation
study of Mussoorie rock phosphate (MRP) by taking 80,100,200

mesh sizes applied at rates of 30,45 and 60 kg P,O;/ha

2
was compared with superphosphate at 30 kg/ha. In general,
there was no significant difference in the pattern of
dissolution of P indicating that 80-100 mesh MRP was
sufficiently fine for an effective crop response on these
acid soils. Fe-P in the soil increased with increasing
period of incubation and rate of MRP application. Hill et al.

(1954) reported that the surface area of some varieties

of phosphate rock was very little increased with finer
grinding (from 100 mesh to 325 mesh) where as that of others
increased markedly. The former group of rock was of loose
structure but latter of extremely compact structure. The

compactness of rock according to them depends on the pore
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space that lies between elementary grains which |
constitute a particle or aggregate. The pore distribution

is more important than total pore volume of the rock phosphate
is determinihg the chemical reactivity, Baranov (1964)

suggested that the phosphorite meal having the particle

size less than 0.1 mm was more effective in pot experiuments
with millets on moderately acid soils even though the chemical
domposition of coarser fraction was almost same as that

of finer fractions. He further stated that finer grinding

in poor phosphorites did not increase the effectiveness

of the materials much.

Panda and Panda (1968) working with lateritic
soils and UAR rock phosphate feported that finely powdered
rock phosphate passing through 180 mesh sieve was not
significantly superior to 100 mesh sieve in respect of
economic return. Panda and Mishra (1970) presented that
raw rock phosphate ground to pass through 100 or 60 mesh
sieve can directly be applied to acid lateritic soils
growing rice. They have also reported that Udaipur rock
phogphate can be best utilized for direct application to
acid soils for increased availability of phosphorus as it
has got amending effect on acid soils containing high
percentage Of calciuﬁ. Das et al. (1990) while studying the
effect of fineness of Udaipur rock phosphate on availabilicy
of P to maize grown in a laterite soil taken in a pot
observed that grinding the rock beyond 100 mesh size did

not increase the availability of P.



ROLE OF ORGANIC MATTER ON PHOSPHORUS AVAILABILITY

Carbon dioxide evolved out of organic matter
decomposition combines with water and produces carbonic
acid which helps in increasing the soil available phosphorus
in calcarious and neutral soils. The organic matter forms
phosphoric coﬁplexes by replacing phosphate ions from the
clay lattice. In acid soils organic acids such as tartaric,
citric, Malonic and Malic acids released by organic matter
decomposition are also expected to chelate iron and aluminium
and decrease the fixation reactions of phosphorus mostly in

acid soils.

When rock phosphate from Mussoorie, UP and tripple
super phosphate were added to fresh cattle dung at rates of
0.5, 1.0 and 2.0% P (dry wt. basis) and were incubated at
30 + 4°c and 80% moisture saturation for 105 days initially
higher recoveries of organic P were obtained with TSP than
with MRP. But subsequently a reverse trend was observed
(Khana et al. 1984). Immobilization of P was more in TSP
treated samples largely in the form of lipid P and humic
acid P, while a reverse trend was noted in case of MRP
treatment. Singh ét al. (1982) observed that indegenous low
grade rock phosphate was solubilised by composting with pearl
millet boobla (Pmb) in the presence of nitrogen, molasses and
pyrites. The solubilisation of rock phosphate was rapid upto
15 days in Pmb + N + RP and reached a maximum of 60% in 120

days of composting. Tomar et al. (1987) studied the effect
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.

of fresh cattle dung on rock phasphate and TSP solubilization

by incubating the phosphate carrier with cattle dung at room
temperature. The pH o0f the rock phosphate treated manure
samples was higher than that treated with TSP. P solubilisation
of’rock phosphate increased when it treated with manure and

cattle dung.

USE OF PARTIAL ACIDULATED ROCK PHOSPHATE OR MIXTURES OF
ROCK PHOSPHATE AND SUPER PHOSPHATE AS A POSSIBLE MEANS OF
MINIMISING P FIXATION IN ACID SOILS

.

Partially acidulated phosphate rock and mixture of
rock phosphate and super phosphate have been used with success
in increasing the availability of P from phosphate rock.
Several workers have observed that performance of either 1l:1
or 1:3 mixture of SSP and RP is as good as that of SSP

applied at same dose for crop production.

Murdock and Seay (1955) have found that application
of a samll amount of super phosphate with large amount of
rock phosphate increase the uptake of phosphorus from rock
phosphate. But when equal amount of rock and super were applied
the uptake of phosphrus from rock phosphate was decreased.
smier (1962) observed that lower dose of super phosphate as
a starter dose combined with base fertilisation of rock
phosphate was more effective than an initial application at

high rate.
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Lehr and Brown (1958) studing the efficiency of
some Calcium phosphates summefised that dicalcium phosphate
dihydrate gave the best response in acid soils and monocalcium
phosphate in alkaline soils. In all the soils hydroxyapatite
and tricalcium phosphate were the poorest sources and:

practically produced no response on basic soils.

The relative efficiency of Mussoorie rock
phosphate and single super phosphate with lime on yield and
phosphorus availability in maize-wheat and soyabean-wheat
rotation was studied by Dwivedi et al.(1989) . Per formance
of MRP was always superior to SSP regarding increased crop
yield and phosphate availability irrespective of 1lime
application. Panda and Panda (1968) investigating the effect
of raw rock phosphate on acid lateritic soils of Orissa
observed that ground UAR rock phosphate of proper fineness
can effectively be used for growing rice. The UAR rock
phosrhate was more efficient than Mussoorie and was much
superior to Singhbhum rock phosphate in effecting hicher
yields of dry matter and uptake of phosphorus by plan;s.
Mishra and Panda (1969) and Panda and Mishra (1970) evaluating
partially acidulated rock phosphate (acidulated with either
1-13904 or HNOB) as a source of P for maize and rice grown in
a lateritic soil observed that in acid soils of pH-4, 10
and 20% acidulated materlals were as efficient as 100%
acidulated material when soils were limed to pH 5.6 and 6.5.50
and 100% acidulated materials performed better than lower
acidulated materials. They also suggested the use of aciduclated

material with H,po, for short duration crop and HNO,,
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acidulation for long duration crop. Evaluation of rock

- phosphate acidulated with H3 Po4 and HNO3 as a source of

P for wheat- blackgram cropping sejuence grown in an acid
soil of pH 5.6 by Marwaha (1983) revealed that 50% acidulated
product with either of the acids was as effective as super
phosphate. However, the effect 6f raw rock phosphate was not

much different from control.

According to Mclean and Wheeler (1964) when partially
acidulated rock phosphate is applied to soil a part of the
acidity produced by the dissolution of monocalcium phosphate
in partially acidulated phosphate rock would be neutralised
by the unacidulated rock. This not only protect the water
soluble P of partially acidulated phosphate rock from
reacting with substantial quantities of Al and Fe, bhut
additional P could be released into the water solubie pool
from the reaction of acid with unacidulated phosphate rock.
partially acidulated phosphate rock produce relatively small
concentration of P in soil solution thereby reducing the
fixation of P by metal oxide polymer or immobilizations

through displacement on structural sillicate.

EVALUATION OF PHOSPHORUS AVAILABILITY BY CHEMICAL

EXTRACTION

Various extractants have been recommended to measure

the available P status of soll. Many workers have investigated



to find a suitable method for the purpose and have suggested
different extractants to be used in different conditions

but an extractant is suitable when the soil test value
well correlate Wwith the yield and uptake of nutrient by

the crop.

In most of the soll testing laboratories Bray's-I
method i8 recommended for acid soils and Olsen's method
for neutral and alkaline soils. It is true that ncne of
the chemical methods is suitable for all types of soils.
But Panda and Mishra (1970) working on utilization.of rock
phosphate in acid laterite soils of Orissa reported that
Bray's P was correlated with uptake of P by maize. The

soils varying in pH 4.9-7.4, P extracted by the Bray's-I
| and Olsen's methods were equally suitable for estimation of

available P. (Sharma and Bhumbla 1980).

Widely used chemical method for estimation of
available phosphrous today are Olsen's methoé and Bray and
Kurtz (1945) method in which fluorine is used to extract
from soils at two concentration of HCl. Bray's strong
solutions contained 0.1 N HCl and 0.03 N NH4F. Flourine is
a very active anion in replacing phosphorus from soil
compounds. The reagent has the following advantages. (a) it

extracts adsorbed P. (b) it represses the solubility of rock

phosphate in the presence of acid ' extractants (c) it reduces

the fixation of phosphrous by hydrous oxides in acid

suspension.
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Sharma and Tripathi (1984) in a study on the
indices of P availability in some Himalayan acid soils found
that Olsen's extracﬁant removed most of its P from Al-P
fraction followed by Ca-P fraction. Bray's procedure derived
mainly from Al-P followed by Fe-=P and Ca-P . in alimmost
equal proportion. The better predictive ability of the Bray's
test with so0il receiving phosphate rock appear to result from
the ability of the procedure to extract both unreacted
phosphate rock which is likely dissolve in the short term and
absorbed P as suggested by Mackay and Syer's (1984). They
found the poor 1ni£1a1 performance of Olsen's procedure.
So in situations where unreacted phosphate rock contributed
significantly to plant available P in the soil e.g. where
Phosphate rock applied annually the Bray's procedure appears to

be the most effective soil testing procedure.

Salmon and Smith (1956) tried with various methods to
ex£ract available phosphorus from acid soils treated with
super'phosphate; rock phosphate, thomas alag and ground bone.
The amount of phosphorus extracted by the method using
solutions 0.1 N HCl, 0.03 N NH4F and 0.002 N H,SO, buffered

2774
to pH 3.0 gave the most consistent positive corelation.

Ghosh (1966) measured the available phosphorus in

‘acid laterite soils of Bhubaneswar by different extractants and

reported that Bray's » and Olsen's method extract almost equal
amounts Oof phosphorus. Regarding correlation of the soil test

values Olsen's methods and Bray's I method were also reporte3l

superior,




SOLUBILITY OF ROCK PHOSPHATE IN SOIL AS AFFECTED
BY MICRO-ORGANISM

some phosphorus solubilising micro-organisms viz.
bacteria and fungl play important role in availability of

applied phosphorus from different sources. Thiobacillus

‘ferroxidans was found to be efficient in solubilising

phosphate from a sterilised pyrite mixed low grade rock
phosphate (Mahapatra et al. 1985). Efficient solubilisation
from high grade rock phosphate is also reported by the
authors. Lipman and Mclean (1918) reported that appreciable
amount of phosphorus in pulverised rock phosphate were made
soluble by.composting soil and sulphur with the rock over

a period of 44 weeks. Thiobacillus organisms were found to

be responsible for oxidising sulphurs to HZSO4 which reacted
with the apatite to form super phosphate. Muchovej et al.

(1989) studied the role of Thiobacillus thioxidans in

rock phosphate solubilisation in anoxisol treated with low
grade rock phosphate, elemental S and organic matter. The

addition of Thiobacillus thioxidans and sulphur caused a

rapid decrease in pH of soil to levels below 4.0 and a

concurrent increase in P levels in the soil. After incubation,

the so0il was limed and sorghum was grown successfully on the
solubilised pP. Past studies have demonstrated the ability of

soil micro-organisms to solubjlise phosphate rock (gaur et al

1973) Thiobacillus are chemilithotrophic bacteria which occurs

naturally in many soils. A common species 1s Thiobacillus

thioxidans. The presence of an oxidisable sulphur source in
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the soil is required for the growth of these organisms. The
resultant acisafication can cause solubilisation of phosphate
rock.

Four species of P dissolving bacilli i.e. Bacillus

magaterium, Bacillus cereus, Bacillus mycoides, Bacillus

circulans were identified which showed considerable but
variable capacity of phosphate solubilisation in soil treated
with rock phosphate and incubated after inoculation with the

caltures of these bacteria (Gupta et al.1986).

Tiwari et al. (1988) studied the effect of inoculation

with Azotobacter and phosphate solubilising micro-organisms

and of addition of Mussoorie rock phosphate during composting
of rice straw. Composting with rock phosphate increased both
citrate and water soluble P content of the compost and this

was further increased by inoculation with Aspergillus awamori

optimum response were recorded with the treatment receiving
microbial culture and rock phosphate. Rasal et al. (1988)

have also reported that phosphate solubilising fungi
Aspergillus awamori increased the availability of phosphorus
from rock phosphate and enhanced the rate of decompqsition which
affected significantly the growth parameter of chick pea

plants.

EFFECT OF STORAGE CONDITIONS ON THE QUALITY OF FERTILISER

The literature on the effect of storage condition on
the quality of phosphatic fertiliser is sparse and no informa-

tion on the storage quality of mixtures of rock phosphate and
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super phosphate is not available,

Choudhary et _al. (1988) studied about reversion of
phosphorus in different fertiliser during storage. They have
taken six samples of commonly used phosphatic material and
found that in all the phosphatic materials, the water soluble
P content increased with increaéed storage temperature,
from 10 to 40°c which was accompanied with the decrease in
relative humidity. The low r=2lative humidity at high
temperature reduced the moisture adsorption and consequently
reduced the reaction between chemical compounds present in
the fertilisee granules . In all the phosphatic materials,
the citrate soluble P content declined with increased storage
temperature from 10 to 40°C. The citrate soluble P consistently
increased in all phosphatic materials with higher storage
period . It 1s’evident from investlgation that storage of
phosphatic materials especially NPK mixtures should bé avoided
during the month of high relative humidity to prevent the

reversion of water soluble P to other insoluble form.

Malonosov et al. (1984) suggested that chemical
composition, hygroscopicity, anticaking qualities, strength
of granules, friability and étorage behaviours of dihydrated
calcium phosphates obtained by decomposing rock phosphate with
phosphoric acid or a mixture of P and H,S0, and subsequent
granulation and dehydration at 280-300°C are described . so

for long starage, bitumen impragnated paper bags are recommended.
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CHAPTER -~ III

MATERIALS AND METHODS

.

SOIL USED IN THE INVESTIGATION

A typic Haplustult was collected from the upland
of Central Research Station, Bhubaneswar. The soil was air
dried and ground to pass through a 2mm sieve and stored for

further studies.

PHOSPHATE CARRIERS USED IN THE INVESTIGATION

The rock phosphate samples of different grades of

Udaipur rock phosphate (URP) such as low grade URP-I, low

' grade URP-II, medium grade URP and high grade URP used in the

investigation were supplied by Rajasthan state mines and
minerals limited, Udaipur. The rock phosphate samples of
medium and high grade were ground to pass through a 100 mesh
sieve. The other two samples were supplied by the farm in
powdered farm (passed through a 100 mesh sieve). The single
super phosphate (SSP) sample used in the-study was purchased

from local market.

PHOSPHOBACTERIN

The phosphate solubiliging bacteria marketed as
phosphobacterin was supplied by microbac India Ltd., Calcutta

Wwas used in the investigation.
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LABORATORY INCUBATION STUDIES

(a) Dissolution of rock phosphate and its mixture
WwIth SSP 1n soll

Soil samples of 150g each were taken in beakers
of 250 ml capacity and to each calculated amounts of different
phosphate rocks and their 1:1 mixture with SSP and SSP only
were added at the rate of 100 ppm P and were mixed thoroughly.

The treatments were as follows.

TPABLE 1. DETAILS OF TREATMENTS OF INCUBATION STUDY

sé. Sources of fertilisers
1. Control

2. Low grade URP=I

3. Low grade URP=-II

4. Medium grade URP

- T High grade URP

6. SSP |

7. 1:1 mixture 6f low grade URP-I and SSP
8. 1:1 mixture of low grade URP=II and SSP
9. 131 mixture of medium grade URP and SSP
10. 131 mixture of high grade URP and sSSP

The 1:1 mixture of roék phosphate and SSP were
prepared oﬂ.the basis of P applied. Water was added to bring
the moisture contents of the sample to field capacity and
the sample were incubated for sixty days at room temperature

which varied between 15°C to 32% during the period of




incubation (started on 15th Nov. 1989). Each treatment

was replicated twice. Alternate wetting and drying was done
through out the period of incubation. Water was added to
bring the moisture content to field capacity as and when
needed. The samples from the beakers were drawn out at an
interval of 15 days for measuring pH and available phosphorus.
Each time after drawing a sample, the content of each beaker

was mixed thoroughly.

Available phosphrus was determined by extracting
the soil with olsen'’s reagent and determining the P in the

extract by following the method suggested by murphy and

Rieley (1962).

(b) Determination of bacterial count in phosphobacterin
culture

For this purpose, the culture of phosphate solubilising
microorganism was diluted 105 times serially and from the
last dilution, 1lml of suspension was innoculated in three
petridishes cénéaining molten pikovskaya‘s medium suggested
by Subba Rao (1586) and incubated for 3 days after which the
number of bacterial colonies were counted.

(c) Effect of phosphobacterin on solubilising P from
Tock _ phosphate

T™wo hundred grams of soil was taken in each of 24
beakers of 250 ml capacity. Phosphorus was added at the rate
of 100 ppm P either as low grade URP 1 or as 1:1 mixture of

low grade URP=I and SSP. Then phosphobacterin suspension at
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the rate of Oml, 1lml, 1.5ml, 2ml, 2.5ml and 3ml which

contain Omg , O.1lmg, O.15mg, O.2mg, 0.25mg and 0.3mg of
carrier based culture were added to each treatment . The
treatments were replicated twice. After 7 days of incubation

at field capacity analysis of available P showed no effect

of phosphobacterin on P solubilisation. The soil was allowed

to dry and then one replication was treated with 4g of
glucose and the other replication was not treated with glucose.
Then the samples were treated again with phosphobacterin at

the rates of O mg, 100mg, 150mg, 200mg, 250mg and 300mg per‘
100g soil and incubated at room temperature maintaining the
soil moisture at field eabacity. Samples were drawn at 7,15,22
and 30 days after incubation and analysed for pH and available

P (Olsen's method).

(d) Incubation of fertiliser mixture

The 1:1 and 1:3 mixtures of SSP and low grade URP-I
were prepared by thoroughly mixing of the required quantity
of each material to provide the P in desired ratios as
indicated. About 50g sample of each mixture and SsSP taken in
50ml beakers were incubated at three moisture level i.e. 50% RH,
70% RH, 90% RH and two temperature conditions i.e room
temperature and at 40°C. The desired relative humidity was
maintained by taking calculated amount of H2804(Hodgman et al.
1959) inside the desiccator in which samples were kept. One

get of three desiccators containing fertiliser samples

maintained at 50%, 70X and 90% relacive'humidities were kept
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at room temperature for 90'day and another set was kept
inside a B.0.D incubator maintained at 40°C for 60 days.
Samples were drawn at regular intervals of 15 days and
analysed for total, water soluble and citrate soluble P. The
121 and 1:3 mixture of SSP and low grade URP-I prepared
during 1989 and stored for one year in polythene bottles were
also analysed for caking by sieving and calculating the per-
centage of granules greater than 2mm size formed. Fertiliser
granules which were 7> 2mm size and that passed through a
2mm sievé were analysed for water soluble, citrate soluble

and total P.

SOIL ANALYSIS

The water holding capacity of soil, pH of 1:1 soil
water suspension, the cation exchange capacity of soil and
mechanical analysis of soil using Bouyoucus hydrometer were
determined following the standard procedure. The organic
carbon was estimated using walkley and Black'‘'s rapid titration
method (1934). The available P content of soil was determined
by olsen's method (Jackson, 1962). Phosphorus in the Olsen's
extréct of the s0il was determined by the ascorbic acid

reduction method as suggested by Murphy and Rieley (1962).

ANALYSIS OF FERTILISER MATERIAL

Total, water soluble and ammonium citrate soluble
phosphorus content of the rock phosphates including the 1:1
and 133 mixture of super phosphate and rock phosphate were

colorimetrically determined following AOAC (1960) methods
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uging vanadomolybdo-phosphoric acid. The ammonium citrate
soluble P was estimated on the same sample which was used
for extraction of water soluble P. For determination of
calcium content of the rock phosphate the sample was éigested
- with HCl.calcium in the HCl extract was determined Ly modified
oxalate precipitation method as described by Chopra and Kanwar
(1986). Calcium and magnesium in the extract was determined
by EDTA titration method described by Hoffman and Shapiro
(1954). Magnesium content of the rock phosphates was estimated

by substracting the value of Ca from Ca + Mg.
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CHAPTER - IV

RESULTS AND DISCUSSION

The rock phosphates of four different grades (Low
grade URP-I, Low grade URP-II, medium grade URP and high
grade URP) obtained from Rajasthan State Mines and minerals
Ltd., Udaipur were analysed for their P, Ca and Mg content
and reported in Table-2. The apatite present in these
rock phosphate deposits is dominantly associated with

dolomite (Chaudhury and Subramanian, 1588).

REACTIVITY OF THE ROCK PHOSPHATE AS RELATED
TO ITS COMPOSITION

To measure the reactivity of the rock phosphate, the
samples were extracted five times successively with Sbtral normal
ammonium citrate and the concentration of P in each extract
was determined and reported in Table-=-3 and Fig-1l.(a). The
reactivity of the rock as measured by extraction with ammonium
citrate is likely to be considerably influenced by the
amount of accessary minerals lJike dolomite present in the
sample. Higher content of dolomite in the rock consume a
part of the added citrate as a result of which the release
of P into solution is reduced. In general, the citrate soluble
P content decreased with each successive extraction Fig-1{(a)
which was more marked for first three extraction after which
it remained more or léss unchanged. The cumulative citrate

soluble P content after five extractions varied between 0.93%
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TABLE 2. TOTAL CHEMICAL ANALYSIS OF THE PHOSPHATE ROCKS

Grades of URP Total P Ca (%) Mg (%)
(%) - . B
Low grade URP=I 6.35 25.8 7.17
Low grade URP-II 8.00 28.7 6.52
Medium grade URP 10.65 31.41 4.56
High grade URP 14.75 36.25 1,95

TABLE 3. CITRATE SOLUBLE P IN SUCCESSIVE AMMONIUM CITRATE
EXTRACTION OF THE ROCK PHOSPHATES

Grades of URP Ammonium citrate extract
1st 2nd 3rd 4th Sth Cumulate
ive P in
success-
ive extr=-
action

Low grade URP-I 0.43 0.30 0,07 0,07 0.06  0.93
Low grade URP-II 0.43 0.36 0.07 0.07 0,06 0.99
Medium grade URP 0.50 0.36 0.14 0.10 0.09 1,19
High grade URP 0.50 0,43 0.14 0.10 0.11 1.28

TABLE 4. APATITE AND DOLOMITE CONTENT OF THE ROCK PHOSPHATE

SAMPLES
Grades of URP - Apatite (%) Dolomite (%)
Low grade URP=I 35.67 54.60
Low grade URP-II ' 44.94 47,54
Medium grade URP 59.83 34.59

High grade URP 82.86 14.58
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to 1.28% only. Such a smell variation observed between
the four samples may not be due to the difference in
their crystal structure but due to variation in the gapatite

and dolomite content of the rock.

The citrate soluble P in the rock has been correlated
with its efficiency (Khasawneh and Doll, 1978) and as
reported in the literature the citrate solubility appears
to be affected by co3+r substitution in the apatite structure.
Such substitution affect the unit cell dimensions (ao and CO)
of the hexagonal apatite crystal. From the a, value chemical
formula for the apatite of sedimentary phosphate rock like
that of Udaipur rock phosphate can be calculated using the

general furmula as suggested by Mc Clellan and Gremilian£j98Q)

F
Cajo_a-p N2 Mo (PO4) oy (CO3) , 24y

where ag = 9.374 - 0.204

-

6=X

a (Na) = 1.327 x
6~=X

b (Mg) = 0.515 _x
=X

y(average value) = 0.4 x

The a, values for the apatite in the rock phosphate
samples used in the present study were calculated from the
citrate solubility of the rock using chemical statistical

model as suggested by Patnaik (1988). The a, was calculated
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using the following regression equation.

a; = 9.367 - 0.00049 x

Where x = cumulative P in five successive ammonium

cltrate extract of the rock expressed

as percentage of the rock.

The 3g value for each of the four samples of rock
phosphate calculated from the cumulative P content of the
five successive extraction with ammonium citrate (Table-3)
was found to be 9.366 AO suggested that the crystal chemical
structure of apatite in all the rock phasphate samples was
same.

The empirical furmula of the  apatite calcilated

from ag value was as follows.

(Poh)

Cag g1 Nag o7 M9g. 02 5.72 (CO3)g g F, 4,

The theoritical P percentage of the apatite present
was calculated to be 17.8%. Assuming that all the P in the
rock is apatite bound and barring the Mg in apatite th.. remain-
ing Mg is dolomite bound , the percentage of apatite and
dolomite present in the rock have been calculated and
presented in Table-4. The apatite content of the rock increases
and dolomite content decrease with increasiﬁg P percentage of
the rock. Apatite and dolomite accounts for about 98, 28% of
consgibuent minerals of the high grade rock (14.75% P) ang
90.84% of the low grade rock (6.35% P) the rest being other

likely accessary miQerals viz. siQ,. A1203, Fe203 etc. Based
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on the percentage of apatite and dolomite in the rock

Phosphate % of Ca in the rock was calculated and compared
with the amount of Ca determined experimentally (Table-4).
The theoritical values of Ca calculated agreed well with

the experimental value.

The reactivity of the phosphate rock can not be
related to the grade of the ore of a particular deposit but
can be related to the grade of the apatite which is relatively
uniform in the deposits around Udaipur. An availability
index, absolute citrate solubility (ACS) was suggested in
Preference to conventional citrate soluble P (Khasawneh and Doll,
1978). The water soluble and citrate soluble P content of
the rock and the absolute citrate solubility is reported in
Table-6. The ACS is defined as the (citrate soluble P %//
theoritical P ¥ of apatite) x 100. The absolute citrate
solubility of all theAfour rock phosphate samples were more or
less same. The two low grade URP sample had ACS of 2.42 and
the medium grade and high grade samples had ACS value of 2.80
All these results suggest that irrespective of ti 2 grades of
the rock phosphate their performance is likely to be similar

when applied for the soil at equal dose of P.

DISSOLUTION OF ROCK PHOSPHATE AND ITS MIXTURE
WITH SSP IN SOIL

The solubility of rock phosphate and ité mixture
with SSP in typic haplustult collected from Central
Research.Station of Bhubaneswar was investigated. Results of
the mechanical and chemical analysis of s0il used in the

investigations are presented in Table-7. Soil 1is of sandy loam
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TABLE 5. COMPARISION OF CALCIUM CONTENT OF THE ROCK
PHOSPHATES AS DETERMINED AND AS THEORITICAL

CALCULATED
Grades of URP Calcium Calcium
determined theoritical
Low grade URP-I 25.80 26,15
Low grade URP-II 28.70 28.30
Medium grade URP 31.40 .31.42
High grade URP 36.25 36.24

TABLE 6. WATER SOLUBLE, CITRATE SOLUBLE AND TOTAL P
CONTENT OF THE ROCK PHOSPHATES USED IN THE

INVESTIGATION
P content(%) Absolute citratex*

Sample - - - - - - == == — solubility

Water Citrate Total

soluble soluble
Low grade URP-II 0.03 0.43 8.00 2.42
Medium grade URP  0.03 0.50 10.65 2.80
High grade URP 0.04 0.50 14.75 2.80

* absolute citrate solubility =

v

% citrate soluble P in rock

Theoritical P ¥ in apatite

x 100
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TABLE 7. RESULTS OF THE CHEMICAL AND MECHANICAL
3

ANALYSIS OF SOILS

Particulars of
Analysis

Results

‘Water holding capacity (%)

Mechanical analysis ,
a) Sand (%)

b) Silt (%)
c) Clay (%)

Textural class

Cation exchange capacity

c mole (ﬁ*) kg

PH
available phospharus

(Olsen's method)

organic carbon (%)

1

40

70.40
11.84
17.76

Sandy loam

2.9
4.6
4.5 ppm

0.65
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texture having pH 4.6 and cation exchange capacity 2.9
meq/100 g. The available P content of the soil as determined

by Olsen's method was 4.5 ppm.

(a) Dissolution of rock phosphate and availability orf P.

Dissolution of rock phosphate in soil 1is the first

step in its transformation followed by utilisation by

plants. A knowledge of the dissolutions pattern of rock
phosphate in soil would, therefore, provide an insight into
its solubility behaviour which may be related to its agronemic

effectiveness.

The change in pH and available P content of the soil
incubated with 100 ppm P either as different grades of URP or
their mixture with SSP are recqrded in Table-8.I% may be seen
that after 7 days of incubatioﬁ pH‘of the soil treated with
all grades of rock phosphate, super phosphate and 1:1
mixture of low grade URP-I have increased by 0.3 to 0.9
unit as compared to a control pH of 4.7 (Table-8, Fig-2).
However in case of 131 mixtures where medium and high grade
rock phosphates have been used, the pH either slightly
decreased or incr%ased as compared to control. With progress
of incubation time, the pH of the control treatment remain
more or less unchanged. The PH of the rock phosphate treated
soil increased with time, attaining a value of 6.8 for
low grade I, 6.5 for low grade II, 6.2 for medium grade and
5.5 for high grade at 30 days. The change in pH after 30 days
and upto 60 days was not significant (Fig-2). However incase

of super phosphate treatment the pH at 7 days was 4.6 whkich
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TABLE 8. pH AND AVAILABLE P CONTENT OF THE SOIL TREATER WITH ROCK PHOSPHATE

OR ITS 131 MIXTURE WITH SSP

PH 0 Available P (ppm)
Treatments e et s ittt e —_——m e — e = -

Incubation time 0 Incubation time

- Gn s Ep em TS WL AF G5 G S ar oe e @ = @s - - om G P G I e G GIp Gl TID G G GEE GEP GV SER G e

7days 15 days 30 days 45 days 60 days}) 7 days 15 days 30 days 45 days - 60 da

—

Control 4.7 4.6 4.6 4.5 4.5 4.8 4.8 4.8 4.5 4.5
Low grade URP-I 5.6 6.8 :6;8“*"*'6j§‘*'“”€?§‘?&*? 542 5.5 5.6 5.8 6.5
Low grade URP-II 5.2 5.9 6.5 6.5 6.6 5.2 5.8 6.2 6.8 7.1
Medium grade URP 5.1 5.8 6.2 6.5 6.5 7.57 8.0 8.4 8.9  9.04
High grade URP 5.2 5.6 5.9 6.2 6.2 8.0 8.0 9.2 9.5 9.5
SSP 4.5 4.4 4.1 4.0 3.9 480  38-0 340 32,4 29.4

Low grade URP-=I '
+ SSP (1:1) 5.0 5.2 5.8 5.9 6.0 14.5 16.5 19.2 22.5 24.0

Low grade URP=II
+ SSP (1:1) 4.5 4.7 5.4 5.6 5.8 16.0 17.8 20.2 24,0 24.2

Medium grade URP
+ SSP (1:1) 4.4 4.7 5.2 5.4 5.7 16.€ i8.8 26.4 28.4 28.8

High grade URP .
+ SsP (1:1) 4.3 4.5 5.0 5.3 5.5 17.0 19,2 27.2 28.4 28.8
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decreased to 4.1 at 30 days (Fig-3) after which it remained
more or less unchanged till 60 days. Incase of the mixtures
the pH values increased with time attaining a value of 5.8
at 30 days where low grade URP-I was used, 4.9 where low
grade URP-II or medium grade URP;.was used. The variation

of pH with time in different treatment have shown in Fig-3.

As a result of addition of rock phosphate and of
any grade the available P content of the soil increased upto
45 days (Fig-4) after which the concentration of P decreased
in cases of medium and high grade rock phosphate and the

increase persisted in both of the low grade rock phosphate

treatments.

The change in pH and available phosphate content of
the soil as related to the dolomite percentage in the phosphate
rock bhas been shown in (Fig-6). As the dolomite content
increases the pH also increases and available P content of
the soil decreases. In most cases 1t appears that the
equilibrium is attained around 30 days. The low grade rock
phosphate which contain high amount of dolomite shows high
pH and low available P. Whereas the high grade rock phosphate
showed the low pH and higher amount of available P. Incase of
high grade rock phosphate the available P content increased
from 4.5 ppm is control to 9 ppm at 60 days whereas for low
grade URP-I the increase Was only upto 5.8 ppm. The lo@ increase
in available P content of soil due to treatment with low grade

rock phosphate as compared to high grade was due to high
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dolomite content of the low grade rock which increased the

PH to a high value. But incase of high grade rock phosphate
treatment the pH was low which help to solubilise more of
rock phosphate. The presence of high amount of dolomite in the
rock considerably influenced the rate of dissolution of
apatite in the rock. Such observation was also made by

Mishra et al. (1985) . The decreased dissolutiou of rock
phosphate containing high amount calcite and dolomite have
also. been reported by Narayansamy et al. (1981). Tne
dissolution of rock phosphate can not be explained only on
the basis of pH but might be the result of a combined effect
of pH, exchange acidity and exchangable Ca. As a portion of
the phosphate released from the rock might get fixed in the
soil and may escape extraction with NaHCO3 solution and hence
the phosphate fixation capacity of the soil might also
influence the dissolution of rock phosphate in soil (Kumar

-and Mishra 1986).

(b) Dissolution of the 1:1 mixture of SSP and URP in soil
and availability of P.

Wwhen the soil was treated with single super
phosphate and incubated for 7 days the pH of the soil decreased
from 4.7 to 4.5. The decrease in pH continued till 60 days
attains a value of 3.9 (Fig-3). The available P content of
the soil at 7 days of incubation was 48 ppm which continuously
decreased upto 60 days attaining a value of 29.4 ppm (Table-8

and Fig-5). When single super phosphate which contains
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monocalcium phosphate (NCP) is added to the soil the
immediate reaction product is dicalcium phosphate dihydrecte

(DCPI) and phospheric acid &s per the following reaction.

3
such a reaction lowers the pH of the soll. A part of the added

. —_— .
Ca (H,PO,),. HyO + H)0 — Ca HPO,.2H,0 + H,PO,

soluble phosphate is converted to insoluble veriscite

and strengite in acid soil due to high Fe and Al activity

in soil. Further, the H3P04 produced by incongruent dissolution
of MCP help to further solubilise Fe and Al thereby leading

to greater fixation. This explains the decrease in available

P content of the soil treated with SSP.

The pH of the soil treated with 1:1 mixture of SSP
and URP increased with time as compared to a graduas occrease
in case of SSP treatment (Fig-3). Where low grade URP-I was
used in the mixture a pH value of 6 was recorded at 60 days
of incubation where as pH values of 5.8, 5.7 and 5.5 were
recorded when low grade URP=II, medium and high grade URP
respectively were used in the mixture. As expected the increase
in pH values recorded for different treatments corresponds to

the dolomite content of the rock phosphates used in the mistture.

The increase in soil pH 1s likely to reduce the
solubility of apatite in the rock. But, the data presented in
Fig-5 shows that the available P status of the soil treated with
ssSP : URP mixture increased upto 30 days (where medium and

high grade URP were used) attaining a value of 26.4 to 27.2 Ppm
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P. Between 30 and 60 days of incubation the increase in pH
was very small. However, for mixtures containing low grade
URP the available P increased upto 45 days attaining a value
of 22.5 to 24 ppm. This is probably due to higher dolomite
content of the low grade rock phosphate which retarded the

ih rate of dissolution of apatite. It may be seen that the

j available P status of the soil after 60 days varied between

24 and 29.4 ppm P for treatments receiving either SSP or 1:1

mixtures of SSP and URP. These result suggest that P

availability from SSP or the mixture of SSP and URP are likely

to be same after 60 days of application.

When an intimate mixture of rock phosphate and super
Phosphate is applied is applied to the soil; in addition
to inherent soil acidity which help to solubilise the insoluble

P in rock phosphate, a part of the acid produced by the

dissolution of MCP solubilise the rock phosphate in the
surrounding instead of solubilisiny more soil Fe and Al, there
by decreasing P fixation. In addition to Ca produced by
solubilisation of rock phosphate, diésolution of dolomite also

produce Ca and Mg ion and the presence of more Ca in the soil

solution supresses the dissolution of the rock. Therefore,

mixture containing low grade rock phosphate with high dolomite

content when applied to soil show relatively less available

soil P than the mixture containing high grade rock phosphate.
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EFFECT OF PHOSPHATE SOLUBILISING BACTERIA ON SOLUBILITY OF P
FROM ROCK PHOSPHATE OR ITS MIXTURE WITH SSP

Phosphobacterin;fa carrier based gulture of
phosphate solubilising microorganisms prepared by microbac
India limited was grown on Pikovskaya's culture medium and
counted. It contained 39 x 10S number of viable organisms
per gram of culture. Effect of the culture on solubility of
P from rock phosphate was observed when it was applied at the
rate Qf 0.1,0.15,0.2,0.25 and 0.3 mg per 100 g of soil
breviously treated with 100 ppm P as low grade URP-1 or its

mixture with SsSP.

The available P content of the soil after 15 days
of incubation was found to be 5.2 ppm for all the treatments.
Probably no solubilising effect was observed at the rate of
application of the culture as the number of organisms per gram
wés only 39 x 105/gram instead of 109/g required for getting
the solubilising effect or the low organic matter content of

the soll did not favour the growth of the organism.

Therefore, the experiment was repeated using a
higher dose of the culture i.e. O mg, 100 mg, 150 mg, 200 mg,
250 mg and 300 mg per 100 g soil with 100 ppm P as rock
Phosphate or mixture of rock phosphate and SSP to which either
glucose was not added or added at the rate of 2 g per 100 g
soil. The pH and available P content of the soil recorded at

7 days interval up to 30 days of incubation are presented in

Table - 9 apd 10.
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ROCK PHOSPHATE OR ITS MIXTURE WITH SSP

Without glucose ¢ With glucose

7 days 15 days 22 days 30 days : 7 days 15 days 22 days 30 days

100 ppm P applied as low grade URP=-I

Control 5.25 5.4 5.8 6.1 5.5 = 4.0 4.0 4.0

100 mg/100 g soil 5.25 5.5 5.9 6.0 5.5 4,2 | 3.8 3.6

150 mg/100 g soil 5.00 5.5 5.9 6.1 5.45 4.2 3.6 3.6

20C mg/100 g soil 5.00 5.6 6.0 6.1 5.6 4.3 3.9 3.6

250 mg/100 g soil 5,25 5.7 6.0 6.2 5.5 4.3 3.9 3.8 4
300 mg/100 g soil 5.37 5.7 6.2 6.3 5.6 4.5 3.9 3.8 T

100 ppm P applied as low grade URP=I + SSP (1:1)

Control 4.8 4.9 4.9 5.1 4.8 3.3 3.8 3.6
100 mg/100 g soil 5,0 4.4 4.9 5.3 S.1 3.5 3.5 3.7
150 mg/100 g soil 4.9 4.5 5.0 5.2 5.0 4.5 3.5 3.8
200 mg/100 g soil 4.2 4,9 4.9 5.3 S.4 3.9 3.9 4.0
250 mg/100 g soil 4.5 4.8 5.0 5.1 5.7 3.9 3.9 3.9
300 mg/100 g soil 4.6 4.7 4.8 5.4 5.7 3.7 3.9 3.9




TABLE 10, EFFECT OF PHOSPHOBACTERIN TREATMENT ON AVAILABILITY OF P IN SOIL

TREATED WITH ROCK PHOSPHATE OR ITS 1:1 MIXTURE WITH SSP

- Without glucose 8 With glucose
Treatments — e e e e e e e e — - _—— e - - - _g _______ e e e e e e e -
7 days 15 days 22 days 30 days ) 7 days 15 days 22 days 30 days
100 ppm P applied as low grade URP-I

Control 5.2 5.2 5.8 6.0 5.1 5.2 5.2 642

100 mg/100 g soil 5.4 5.6 5.8 6.8 5.6 5.6 6.25 7.25
150 mg/100 g soil 5.5 5.6 6.0 7.2 5.6 6.25 6.4 8.2

200 mg/100 g soil 5.9 6.25 6.25 7.3 6.25 6.4 6.4 9.0

250 mg/100 g soil 6.0 6.25 6.5 7.5 5.6 6.25 6.75 9.0

300 mg/100 g soil 6.2 6.4 7.0 8.2 7.75 7.75 8.25 9.25

100 ppm Pv applied as low grade URP-I + SSP (1:1)

Control 13.5 14.2 14.0 14.0 13.5 13.5 14.0 14.5

100 mg/100 g soil 22.5 22.75 23.25 24.5 23,75 23.75 24,75 24.75
150 mg/100 g soil 22.5 24.0 25.5 26.5 24.5 25.0 25.5 26.75
200 mg/100 g soil 23.5 25.8 26.5 28.0 26.25 26.8 27.0 29.75
250 mg/100 g soil 24.5 26.2 27.0 28.5 27.0 27.0 28.8 29,75
300 mg/100 g soil 24.75 26.2 28.0 29.0 27.75 28.8 28.8 29.75




It may be seen from Table-9 that where rock
phosphate was applied without glucose addition the pH
gradually increaéed from 5 to 5.3 at 7 days to 6 to 6.3
at 30 days irrespective of the dose of bacterial culture
applied. The pH recorded from treatments receiving the
mixture as compared to treatment receiving rock phosphate
was always less at similar level of bacterial culture
application. For all tfeatments receiving glucose there is
substantial reduction in soil pH as compared to treatments
not receiving glucose. This is due to decomposition of glucose
resulting in production of some organic acid in soil. The
organic acid produced is likely to solubilise more P from
the rock and may also form complexes with some of the Al
and Fe in soil thereby preventing it to participate in P

fixaction reaction.

Data presented in Table=10 shows that the
available P content of the soil was higher in treatments
where glucose was added than the treatments to which glucose
wag not added. The comparative increase in available P status
of the soil due to glucose treatient and the increased
solubilisation of P by increasing dose of bacterial culture
at 15 and 22 days of incubation may be seen from Fig-8. In
case of rock phosphate treated soil the available P inéreased
with increased dose of bacterial culture attaining a vélue
of 6.2 ppm at 7 days after treating the soil with 300 mg
culture/100 g as compared to 5.2 ppm in control. Addition of
glucose further increased the available P content to 7.75 Ppm

level. Presence of glucose in soil provides a substrate for
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increased microbial activity thereby increasing the solubilisation

of P.

The rate of increase in available P with increasing
dose of bacterial culture applied to soil treated with URP and
SSP mixture (Fig-8) was highest at 100 mg culture/100 g soil,
beyond which the rate'slowed'down. Application of the culture at
100 mg/100 g soil level increased the available P from 13.5 ppm
in control to 22.5 ppm after 7 days of incubation. Correspondingly
glucose addition further increased the available P level of 24.5
ppm. The available P in soil almost doubled -due to addition of
bacterial culture to soil treated with URP and SSP (at the rate
of 100 mg/ 100 g) whereas the increase was only 2-3 ppm in case

of the soil receiving rock phosphate and bacterial culture {Fig-9).

Phosphate solubilising bacteria are known to bring
about solubilisation of insoluble phosphates by producing
organic acids (Gaur et al 1979, Venkateswaralu et al, 1984) and
high carbon content of the soil is likely to favour the groﬁth
of the bacteria and the dissolution of phosphate is directly
linked with the growth of the bacteria (Ahmed and Jha, 1968). In
the present study the data presented shows that the treatment
with bacterial culture (without glucose) has increased the
gsolubilisation of P from URP or its mixture with SSP without
decreasing the pH of the soil. In some cases the pH increased
slightly. This is because of release of Ca from dissolution of
apatite and Ca + Mg from dolomite dissolution, However, where
bacterial culture was added along with glucose, the pH of the

soil decreased due to increased microbial activity Producing
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increased microbial activity thereby increasing the solubilisation

of P.

The rate of increase in available P with increasing
dose of bacterial culture applied to soil treated with URP and
SSP mixture (Fig-8) was highest at 100 mg culture/100 g soil,
beyond which the rateislowedldown. Application of the culture at
100 mg/100 g soil level increased the available P from 13.5 ppﬁ
in control to 22.5 ppm after 7 days of incubation. Correspondingly
glucose addition further increased the available P level of 24.5
ppm. The avallable P in soil almost doubled due to addition of
bacterial culture to soil treated with URP and SSP (at the rate
of 100 mg/ 100 g) whereas the increase was only 2-3 ppm in case

of the soil receiving rock phosphate and bacterial culture {Fig-9).

Phosphate solubilising bacteria are known to bring
about solubilisation of insoluble phosphates by producing
organic acids (Gaur et al 1979, Venkateswaralu et al, 1984) and
high carbon content of the soil is likely to favour the groﬁth
of the bacteria and the dissolution of phosphate is directly
linked with the growth of the bacteria (Ahmed and Jha, 1968). In
the present study the data presented shows that the treatment
with bacterial culture (without glucose) has increased the
golubilisation of P from URP or its mixture with SSP without
decreasing the pH of the soll. In some cases the pH increased
slightly. This is because of release of Ca from dissolution of
apatite and Ca + Mg from dolomite dissolution. However, where
bacterial culture was added along with glucose, the pH of the

soil decreased due to increased microbial activity Producing
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more organic acid which helped to solubilise more of 1

insoluble P. The increased solubilisation of insoluble P in
the mixture as compared to rock phosphate applied alone may

be due to the availability of P needed for the growth of the

microorganism.

The findings of the experiment suggest that carrier
based phosphobacterin culture containing 39 x 105 number of !
viable cells/g can bé applied to soil at the rate of 100 to
300 mg/ 100 g soil or in other words a culture containing 10° |
cells/g may be applied at the rate of 0.1 to 0.3 mg/l00 g of
soil (2 to 6 kg/ha) for increasing the availability of P from |

rock phosphate or its mixture with SsSP.

EFFEC;P OF STORAGE TEMPERATURE AND HUMIDITY CONDITIONS ON |
STORAGE QUALITY OF SSP AND ITS MIXTURE WITH LOW GRADE URP

The water soluble and citrate soluble P contuat of i
SSP and its 1:1 and 1:3 mixture of low grade URP-I stored at |
40°C and at room temperature and relative humidities of 50,70
ﬂ and 90 per cent are reported in Tables-11 and 12. The change

in water soluble and citrate soluble P content of SSP or its

mixtures with rock phosphate with time of storage is shown in

Figs-10,11 and 12. The P content at O days corresponds to the
w temperature and humidity conditions prevailing at the time of

mixing. Therefore, the points corresponding to P concentrations

i - at O and 15 days have been joined by dotted line.

Fig-10 shows that water soluble P in SSP decreased
with time whereas citrate soluble P increased with time. Such

increases or decreases are more at relative hunidity of 9Us» than

at 50%. The water soluble P content pf ssP at 40%°c 4g slightly
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TABLE 11. .EFFECT OF STORAGE TEMPERATURE AND HUMIDITY CONDITIONS
ON WATER SOLUBLE P CONTENT (%) OF SSP AND ITS MIETURE
WITH LOW GRADE URP-I

Storage time in days

Fertiliser Mumidity  _ _ _ _ _ o _ _ _ _ _ ___
(%) 0 15 30 60 75 50

Storage at room temperature

50 6.74 6.74 6.68 6.60 6.54
SSP 70 6.9% 6.72 6.68 6.62 6.54 6,50
90 6.65 6.63 6.62 6.54 6.50
70 3.4% 3.24 3.32 3.39 3.33 3.30
90 \ 3.20 3.29 3.31 3.30 3.30
50 1.70 1.70 1.74 1.72 1.71
SSP + URP(1:3) 70 1.71%*  1.66 1.69 1.73 1.70 1.70
90 1.65 1.69 1.70 1.67 1.66

Storage temperature 40°C

ssp 50 6.78 6.76 6.71
70 6.9 6.73 6.70 6.66
90 6.72 6.68 6.65
ssP + URP(1:1) 50 3.39 3.41 3.47
70 3.4 3.31 3.40 3.42
90 3.25 3.36 3.38
SSP + URP(1:3) 50 1.66 1.71 1.75
70 1.71 1.65 1.65 1.74
90 1.60 1.64 1.73

*» P content of SSP or the migture corresponds to prevailing
room temperature and humidity at the time of mixing.
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TABLE 12. EFFECT OF STORAGE TEMPERATURE AND HUMIDITY CONDITIONS
® ON CITRATE SOLUBLE P CONTENT (%) OF SSP AND ITS
. MIXTURE WITH LOW GRADE URP-I.

! .
Storage time in days

Fertiliser Humidity L
(%) 0 15 30 60 75 90
50 0.18 0.20 0.22 0.23 0.24
SSP 70 0.12%* 0.22 0.23 0.27 0.29 0.30
50 0.24 0.27 0.27 0.29 0.31
ssP + URP (131) 70 0.24*  0.36 0.34 0.20 0.24 0.31
SSP + URP(133) 70 0.30* 0.31 0.39 0.36 0.38 0.39
Storage temperature 40°C
SSP 70 0.12 0.19 0.22 0.26
50 0.25 0.27 0.23
ssP+ URP(13:1) 70 0.24 0.30 0.26 0.28
' 90 : 0.35 0.18 0.18
ssp + URP (1:3) 70 0.30 0.38 0.33 0.27
90 0.39 0.39 0.28

» p content of SSP or the mixture corresponds to prevailing
room temperature and humidity at the time orf mixing.
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higher than at room 'temperature. The decrease in water soluble
P and increase in citrate soluble P was maximum during the
first 15 days of storage. The water soluble P in SSP varied
between 6.74% and 6.5% and the citrate soluble P varied

between 6.78% and 6.65% for all temperature and humidity
conditions. The decrease in water soluble P and increase in
citrate soluble P content of SSP can be explained based on the
dissolution of monocalcium phosphate (MCP) by apsorbing water
produces DCP and phosphoric acid. Choudhury et al (1988) while
study reversion of different soluble phosphatic fertiliser like
SsP, DAP and various DAP based N:P:K complex fertilisers have
also observed decline in water soluble P and an increase in
citrate soluble P content with increased temperature from 10°c
to 40°C which was accompanied by decreased relative humidity.
The decrease in water soluble P content of SSP after 60 days of
incubation - at 40°C was reported to be about 7% (Choudhury et al,
1988) as compared to a decrease of 3.6% at 40°C observed in the
present study. Data presented in Table-13 shows that the
available P content from fresh sample of SSP was 7.02% which
on incubation at room temperature decreased to 6.64% at 50% R.H.
and to 6.63% at R.H. of 70% and 90% suggesting that a small
fraction of P is also converted to insoluble phosphate like
apatite. But the reversion of citrate soluble to insoluble P
form is less at 40°C than at room temperature. Such convertion
of P to apatite during storage has been observed by X-ray

diffraction analysis of stored P fertilisers (Choudhury et al
1988),

4
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TABLE 13. EFFECT OF STORAGE TEMPERATURE AND HUMIDITY CONDITIONS
OF AVAILABLE P CONTENT (%) OF SSP AND ITS MIXTURE
WITH LOW GRADE URP~I

Storage time in days

lisers Humidity
Fertilis (%) 0 15 30 60 75 90
Storage ac room temperature
50 6.92 6.93 6.93 6.92 6.64
SSP 70 7.02% 6.93 6.96 6.95 6.59 6.30
90 6.92 6.94 6.97 6.66 6.30
50 3.61 3.66 3.69 3.54 3.62
SSP + URP (1:1) 70 3.64* 3.60 3.66 3.69 3.69 3.61
Ssp + URP (131) 70 2,01~ 1.97 1.99 2.08 2.0 1.95
90 1.95 2.04 2.09 2.07 2.10
Storage temperature 40°C
SSP 70 7.02  6.92 6.92 6.91
90 6.92 6.91 6.94
SSP + URP (13:1) 70 3.64 3.61 3.66 3.77
sSSP + URP (1:3) 70 2.01 2.03 1.98 2.08

tent of SSP or the mixture corresponds to prevailing
*E ﬁﬁgm temperature and humidity at the time of mixing.
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The 1:1 mixture contained 6.37% total, 3.4% water
soluble and 0.24% citrate soluble P. The corresponding P
percentages for 1:3 mixture were 6.37%, 1.71% and 0.3%. At
15 days of incubation the water soluble P content decreased
and then increased up to 60 days where as citrate soluble P
content increased at 15 days and then decreased upto 60 days.
However, no such decrease of citrate soluble P after 15 days
wWas observed for 1:3 mixture. These changes were more at 90%
relative humidity than at 50% relative humidity. After 60
days of incubation the citrate soluble P content either

slightly increased or remain more or less same.

In general the available P content of the mixtures
increased with all storage conditions. But, the variation of
available P content of the mixtures for all storage conditions
was between 3.55% and 3.92¥ for 131 mixture and between 1.97
and 2.09% only for 1:3 mixtures. These results suggest that
the available P content of the mixture is not reduced on
storing the product at relative humidities varying between 50
and 90% and temperature varying between room temperature and
40°C, but increased slightly. The increase may be explained
©°n the basis of acidulating effect of phosphoric acid produced
by dissolution of MCP on the insoluble P in the rock. Since the
moisture absorbed by the mixture during storage is small, not
PO,.

3" 74
Pregence of large amount of Ca and Mg through dolomite in the

much MCP has been dissolved to produce sufficient H

mixture jg likely to participate in reactions leading to
reversion of water soluble P compounds to citrate soluble and

Citrate insoluble forms on prolonged storage (Sauchelli,1963),
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Although, the present study showed some increase in citrate

soluble P, there is no evidence of incriease in insoluble form

of P compound.

Fertiliser must be stored from the time of its
production until its final use in soil. In our country the actual
period of storage may vary from a few days £o a year Or even more
in certain cases. It is important thatﬁ@uring storage the caking
shodld be minimum and the fertiliser should remain free flowing.
It has been observed that the mixture of rock phosphate and
super phosphate hardens on storing but can be easily broken. In
the present investigation caking guality of the mixture has not
been scientifically studied using needle penetrometer. However,
the mixtures stored at room temperature for one year in polythene
bottles have been analysed for formation of fertiliser granule

of more than 2 mm size as an indicator of caking quality.

The 1:1 mixture contained 45% granules of > 2 mm size
as compared to 34% in the 1:3 mixture. However, the granules
formed can be easily broken. Increasing the proportion of super
phosphate in the mixture has greater tendency to cake. The
analysis of the granules forn.. during prolonged storage as
compared to powder form of the fertiliser mixture is reported
in Table-14. It may be seen from the table that the granules in
the mixture contained about O.1 and 0,16 per cent more citrate
soluble P than the powdered form in 1:1 and 1:3 mixtures,
respectively. In general the available P content of the granule

in the mixture was higher than the powdered form. As compared
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COMPARISON OF AVAILABLE P PERCENTAGE 1IN THE

MIXTURE PREPARED IMMEDIATELY AND AFTER ONE YEAR

OF STORAGE

Fertiliser and
storage time - e e e e e = - -

Water soluble Citrate soluble Avallable
A. Freshly prepared
SSP + URP mixture(1l:1l) 3.0 0.25 3.65
SSP + URP mixture(1:3) 1.71 0.30 2.01
B. Stored for one year
(1) sSSP + URP mixture
(1:1) 3.37 0.32 3.69
Fertiliser granule of
> 2mm size 3.41 0.38 3.79
powder form 3.35 0.28 3.63
(1i) SSP + URP
mixture (1:3) 1.65 0.42 2.07
Fertiliser granule of
> 2mm size 1.63 0.52 2.15
Powder form 1.67 0.36 2.03
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to available P contents (3.65% in 1:1 mixture and 2.01% in
1:3 mixture) of the freshly prepared mixtures, the mixtures
stored for one year had slightly higher available P (3.69 and
2.15% in 1:1 and 1:3 mixtures, respectively). These result
suggest that the mixture of super phosphate and rock
phosphate can be safely stored for a long pericd of times
without reversion of avialble P to insoluble P 1in the

mixture.

%* %k
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CHAPTER - V

SUMMARY AND CONCLUSIONS

In the present investigation, the dissolution of
four grades of Udaipur rock phosphates such as low grade
 URP-I (6.35% P), low grade URP=II (8.0% P), medium grade
URP (10.65% P) and high grade URP (14.75% P) and their 1:1
mixtures with SSP in a'typié Haplustult release of P was
studied. Further, the éffect of storage temperature and
o .

"
humidity conditions on thHe fertiliser quality of the rock

phosphate and super phosphates were also carried out.

The rock phosphate samples were analysed ror their
water soluble, ammonium citrate soluble and total P, Ca and
Mg content. From cumulative amount of ammonium citrate
soluble P released from the rock by five successive extractions
with ammonium citrate (which varied between 0.93% to 1.28% for
@ll grades of rock phosphates) the a value (unit cell
dimension) on the apatite in the rock was calculated using a
Chamical statistical model. The a, value calculated was 9.366A°
for all the four grades of rock phosphates suggesting the
uniformity of apatite. The formula of the apatite present in
the rock as calculated from agis Cag g; Nag 7 M90.02(904)5'72.

(003) 0.28 Fz.ll‘ The theoritical P percentage in apatite was

17.8%. Udaipur rock phosphate is known to contain dolomite as

dominant associated mineral with apatite. The percentage of
dolomite 1in the rock was computed assuming that all the P {is

apatite bound and barring the Mg in apatite, the rest is
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assocliated with dolomite. The percentage of dolomite decreased
with increasing grade of the rock (low grade URP-I 54.6%; low
grade URP-FI 47.54%, Medium grade URP 34.59%, high grade

URP 14.58%). aAlthough the citrate soluble P in the rock
increased slightly with increasing grade (0.43% P in the low
grade URP to 0.5% P in high grade URP) the absolute citrate
soluble P of both the low grade URP was 2.42% and for the

medium and high grade URP was 2.8%.

DISSOLUTION OF URP IN SOIL AND AVXAiuABLITY OF P

Four grades of rock phosphates and their mixtures
with SSP in 1:1 proportions and SSP alone were added to the
soil at the rate of 100 ppm P and incubated at room temperature
maintaining the moisture content of the soil at field capacity.
Periodically available P (Olson's method) and pH were measuiad,
The soil used in the study was a typic haplustult having a pH
4.6 sandy loam texture, CEC of 2.9 C mole (pt) kg‘l, low in

organic carbon (0.65%) and available P (4.5 ppm).

The pH of the soil increased with time due to addition

of rock phosphate, the increase being more in treatments

receiving URP containing more dolomite. The equilibrium was

reached between 30 and 45 days. The increase in soil PH was

related to the dolomite content of the URP. The soil pH recorded

after 60 days of incubation were 6.9 for low grade URP=-I, 6.6 for

low grade URP=-II, 6.5 for medium grade URP and 6.2 for high
grade URP. The available P content of the soil increased from 4.5

ppm in contros of 6.5 ppm, 7.1 ppm, 9.0 PPM and 9.5 ppm at &0

days for low grade-I, low grade II, medium 9rade and high grade
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URF, resSectively. The increased P availability is related

to the lo@ dolomite content of the rock but not to the grade
of the rock phosphate. High dolomite content of a rock incre-
ases the soil pH and reduces the dissolution of the rock
phosphate thereby releasing less P, Treatment receiving SSP
_1shbwed a gradual decrease in soil pH and available P conent
of the séil attaining pH value of 3.9‘and évailable P of 29.4
ppm at 60 days. The decrease in available P was due to
fixation of the soluble P as veriscite and strengite. In case
of the treatments receiving 1:1 mixture of SSP and URP the
available P content of soil increased with time attaining
values of 24.0C ppm for low grade-i, 24.2 ppm for low grade II,
28,8 for?medium grade and 28.8 for high grade URP. The increase
in soil pH was related to the dolomite content of the URP used

in the mixture.

The observed variations of pH and available P content
©f so0il have been explained based on the reaction of monocalcium
phosphate in SSP which when added to soil is converted to
dicalcium phosphate and phosphoric acid. The soluble P is conve-
rted to insoluble Fe and 2l phosphates by reacting with active
Fe and Al in soil. But, when an intimate mixtures of SSP
and URP are used, thé acid produced’by the reaction of MCP act
upon the apatite present in the immediate vicinity and solubi-
lises P instead of solubilisiﬁg more Al and Fe in soil. Hence
application of the mixture helps in minimising P fixation and
increasing the availability of P from insoluble apatite,

EFFECT OF PHOSPHOBACTERIN ON SOLUBILISATION OF INSOLUBLE P

«  To study the effect of phosphobacterin, & carrier based

culture of phogphate solubilising bacteria on increasing
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the availability of P in soil treated with 100 ppm P as low
gradé'URP—I or its 13l mixture with.SSP, the soil was treated
with 0,0.1,0.15,0.2 and 0.25 mg~of culture per 100.g/100 g
soilalong with or without addition of glucose at the rate of

2 g/100 glsoil and incubated, at room temperature maintaining
the moisture level at field capacity. Samples were analysed for
available P and pH at 7,15,22 and 30 days. The phosphobacterin

culture contained 39x105 viable cell per gram.

The available P content of the rock phosphate treated
soil increased with increasing dose of bacterial culture
treatment. The increase was from 5.2 ppm in control to 6.2 ppm
with 300 mg culture/100 g soil after 7 days or treatment which
further increased to 7 ppm after 22 days of incubation. There
was further increase of 2.25 ppm at 22 days of incubation when
.glucose!was used. In case of soil ctreated with 1:1 miXture of
SSP t URP, the available P content of 13.5 ppm recorded
for no culture treatment increased to 22.5 ppm at 7 days and
to 27.75 at 22 days. Glucose treatment raised the value to
29.75 Ppm. licrc was a ytearss siicot Of phosphobacterin
treatment in increasing the availability of P from the mixture
than the rock phosphate. The pH of the soils of all the
treatments receiving glucose increased slightly, but decreased
when gfucose was added to supply energy for the growth of the
bacteria. Increased bacterial activity produced more acid
thereby solubilising more insoluble P. The rate of solubili-

sation of P was highest at 7 days of incubation which decreased

thereafter,
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The results_of this investigation suggest that
+ phosphobacterin culture containing about 109 viable cell
per gram of culture may be appiied zt the rate of 100-300
mg/100 g soil (2 to 6 kg/ha) to increase the solubilisation
of insoluble P. The ' effect is likely to be better in soil
containing high amount of organic matter providing a source

of carbon for the growth of bacteria.

EFFECT OF STORAGE TEMPERATURE AND HUMIDITY ON FERTILISER
QUALITY OF SSP AND ITS MIXTURE WITH URP

Single super phosphate and its 1:1 and 1:3 mixtures
with low grade URP-I were incubated at room temperature and
at 40°C in an B.0.D incubator. The relative humidity was
maintained at 50%, 70% and 90%. Fertiliser samples were drawn
at 15 days interval and analysed for water soluble (W.S);

citrate soluble (c.s) and total P.

The water soluble P content of SSP decreased and
citrate soluble P jpcreused with time of storage due to
reversion of a part;;f monocalcium phosphate to dicalcium
Phosphate, on prolonﬁed storage upto 60 days about 3.6% of
total available P (6.9%) in SSP reverted to insoluble from
like apatite., The water solubility was slightly more at 40°¢

than at roop temperature . The decrease Oof water soluble P

Was more when the relative numidity was high.

In case of mixtures at 15 days the water soluble P

content decreased and citrate soluble P content increase for
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all storage conaltions. The decrease in water soluble P was
more for high hqmidity conditions due to convertion of a part
of monocalcium phosphate into DCP. Increased moisture content
in the atmosphere favoured the reaction. After 15 days the
water soluble P increased again and cltrate soluble P decreased
at 30 aays and then varied slightly increased for 1:1 mixture
but only increase in citrate soluble P was observed for 1:3
mixture. In general, the available P content of the mixture

increased in all the treatments irrespective of storage

condition. In the mixture absorption of moisture ana dissolution

of MCP produces DCP and H3PO4. The acid produced is used to

solubilise more of insoluble P and hence the availability

increases with time of storage. The available P content of

the 131 mixture increased from about 3.6% at 15 days (for

all humidity condition) to 3.7% at 60 days which again

decreased to about 3.6% at 90 days at room temperature probably

due to reconversion of a part of sciuble P again to insoluble

form. Similar effect is also observed for 1l: 3 mixture. Therefore,

it may be conclud
ange the fertiliser value of the mixture on prolonged storage.

ed that the availlable P do not significantly
ch

The fertiliser mixtures (1:1 and 1:3) stored for one

year at room temperature and humidity conditions have shown the

availlable P content of the 1:1 mixture and 1:3 mixture to be

3.69% and 2.15% respectively. But the caking quality of the

fertiliser studies by calculation, the % of granules of j> 2mm.
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size formed after one year of storsage show 45% granules in
1:1 mixture and 34% in 1l:3 mixture. But these granules can

be easily broken.

From the results presented and discussed above the

following conclusions may be drawn.

CONCLUSIONS ,

1. The four grades of rock phosphates from Udaipur
{ deposits have apatlte with same crystal chemical
structure. The chemical formula of the apatite

(PO (co.) F

is Cag g Nag o7 Mdg o3 4)5672 300.28 Fa.11
and its ay spacing is 9.366 A . The theoritical
P percentage of the rock phosphates is 17.8%. The
dolomite content of the rock phosphates increasea

with decreasing P content of the rock and varied

between 14.58 and 54.6 percent.

2. The solubility of the apatite in the rock
phosphate is not affectea by the grade of the rock
but by thelr dolomite content. Increased
dolomite content reduces the available P coﬁtent

of the soil treated with rock phosphate.

3. Application of mixture of SSP and rock phosphate
to soil helps to minimise fixation of P in soil

and 1increase the availability of P, Use of mixture
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increase the available P content of soil with
time where as application of water soluble source
like SSP increases the available P status of the
soil immediately after application and then

decreases.

Use of phosphobacterin a carrier based cultureﬁ

containing 109 viable cells/g at the rate of 2 to
6 kg/ha along with rock phosphate or its mixture
with SSP increases the availability of P. Adaition

of a carbon source like glucose further increases

the availability of P.

On prolonged storage of SSP water soluble P
décreases and citrate soluble P increases. Water
soluble P content 1s more at high temperature

(40°C) than at low temperature (room temperature).

Avallable P content of the mixture of SSP and rock

phosphate do not show any significant change in

their available P content on storage.






1.

2.

10.

REFERENCES CITED

> . '
Anmed, N.S. and Jha, K.K. (1968) J. gen. appl. Microbiol
Tokey, 14:89

.t

Armiger, W.H. and Fried, M (1957) The plant availability of
. various sources of phosphate rock. Soil Sci. Soc.Amer. Proc.
gi3183-188.

*Atanasiu, N. (1977) Effect of different phosphate forms on yield
and P-uptake by plants on relation to soil properties with
special reference to tropical soils. Malaysia Society of
Soil Science. 10:95-102. |

*baranov, P.A. and Sirotin, V.P (1964) Increasing the fineness
of grinding the phosphorite flour. Dokl. Akad. S. Kh. Nauk.

83 23-27.

Bennett; o.L.? Ensiminger, L.E and Pearson, R.W. (1957) The
: availability of phosphorus in various sources of rock
phosphate as shown by green house studies. Soil Sci.
Ssoc. Amer. Proc. 213 521-524. -

Bhujbal B.M. and Mistry, K.B. (1981) Characterisation of major
Indian phosphate rock, their dissolution and availability
in acid soils. Bull. Bhava Atomic Res. Center, Bombayv. 45pp

Bouyoucos, G.J- (1962) Hydrometer method improved for making
particle size analysis of soils. Agron. J. 54: 464-46S5.

Bray, R.H. and Kurtz, L.T. (1945) Determination of total, organic
and available forms of phosphorus in soils. Soil Sci.

caro, J.H. and Hill, W.L. (1956) Characteristics and fertiliser

value of phosphate rock from different fields._J. Agric.
Food Chem. 4: 684-687.

chatterjee, B. and Dutta, A. (1951) phosphate fixation by clay
minerals: montmorillonite and kaolinite. J. Soil Sci

2: 224-233.
) Th\813-




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chaudhary, M.L. and Mishra, B. (1980) Factors affecting
transformation of rock phosphate in Soils. J. Indian
Soc. Soil Sci. 28: 295-301.

Chien, S.H. (1977) Thermodynamic consideration on the
solubility of phosphate rock. Soil Sci. 123: 117-121.

Chien, S.H. (1978) Interpretation of Bray-I extractable
phosphorus from acid soil treated with phosphate
rocks. Soil Sci. 126(1)s 34-39.

Chien, S.H.; Adams, F. ; Khasawneh, F.E. and Henao, J. (1987)
Effects of combinations of Triple Super phosphate and
a reactive phosphate rock on yleld and phosphorus uptake
by Corne. Soil Sci. Soc. Amer., Jour. 51: 124-128.

chien, S.H. and Black, C.A. (1976) Free energy of formation
of carbonate apatites in some phosphate rocks Soil
Sci. SOC' Amer. Jt i_o_: 234"'2390

Chien, S.H. and Hammond, L.L. (1978) A comparision of various
laboratory methods for predicting the agronomic.
potential of phosphate rocks for direct application.
Soil Sci. Soc. Am J. 42: 935-939.

Chopra, S.L. and Kanwar, J.S. (1986) Analysis of fertilsers
and manures. Analytical Agril. Chem. 119-161,

choudhary, O.P.; Arora, B.R.; Sidhu, P.S. and Hundal, H.S.
(1988) Reversion of phosphorus in different fertilisers
during 'storage. J. Indian Soc. Soil Sci. 36: 567-570.

choudhary, R. and Subramanyan, K.R.V. (1988) Udaipur rock
phosphate as a direct source for phosphate application-
Status paper, Rajasthan State mines and mineral Ltd.,
Udaipur.

* cnow,‘C.Y. (1966) Physico-chemical properties of rock
phosphate 1in relation to phosphorus availability to

plants and its classification. Actn. Pedol. Sin.
14: 22-30.




21.

22.

23.

24.

25.

26.

27.

28.

29.

82—

Chu, C.R.; Moschler, W.W. and Thomas, G.W. (1962) Rock
- phosphate transformation in acid soils. Soil Sci.
Soc. Amer., Proc. 263 475-477. ’

Das, P.K.7 Mishra, U.K. and Sahu, S.K. (1990) Evaluation
of the direct effect of Udaipur rock phosphate on
maize in the acid lateratic soils of Orissa.
Orissa Journal of Agril. Research. 3: 109-114,

Dash, R.N; Mohanty, S.K. and Patnaik, S (1988) Influence
of reactivity of phosphate rocks on phosphor¥s
‘utilisation by dhanicha ( Sesbania aculeata)

J. Indian Soc. Soil Sci. 36: 375-378. |

De Datta, S.K.; Moomaw, J.C.; Racho, V.V. and Simsiman,
G.V. (1966) phosphorus supplying capacity of low
land rice soils. Soil Sci. Soc. Amer. Proc.

30 613-617.

Dwivedi, G.K.; Dwivedi, M and Pal, s.S. (1989) Relative
efficiency of Mussoorie rock phosphate and single
super phosphate with lime on yield and phosphorus
avallability in maize-wheat and soyabecan-wheat
rotations 1in an Inceptisol.

Ellis, R.; Cuadev, M.A. and Truog, E. (1955) Rock phosphate
availability as influenced by soil pH Soil Sci. Soc.
Amer Proc. 19: 484-487,.

Gaur, A.C.: Arora, D. and Prakash, N. (1979) Electron
microscopy of some rock phosphate dissolving
bacteria and fungi. Folia Microbial., 24 (4); 314-317.

Gaur, A.C.; Madan, M. and Oswal, K.P (1973) §olubilisation
of phosphoric compound by native microflora of rock
phosphate. Indian J. Exp. Biol. 11: 427-429,

Ghosh, P.C. (1966) A note on the measurement of available
Soil phosphorus on laterite soils. Indian J. Applied
Chemistry. 29:118-121.




30. Gokhale, G.P.; Kibo, M.M.:; ‘ Narayana, N and Pandya; H.G.
(1954) Fertilisation of a laterite soil with a
soluble phosphate and the effect of Soil amendment

on phosphorus availability. J. Indian Soc. Scil sSci.
2: 1l41. '

31. Gupta, R.D; Bhardwaj, K.K.R.; Marwah, B.C. and Tripathi,
B.R. (1986) Occurence of phosphate dissolving becteria
in some soils of north-west Himalayan under varying
biosequence and climosequence. J.Indian Soc. Soil sci.

343 498-504.

32. Hill, W.L.; Caro, J.M. and Wioczorck, G.A. (1954) Surfece
area of natural and processed phosphates. Agric. food

chem. 2: 1273-1277.

east, R.C. and Selby S.M. (1959-60) 41st
constant humidity with sulphuric acid
Handbook of chemistry and physics. Chemical

33.Hodgman, C.D.; W
edition.

solution.
Rubber publishing Co. Cleveland oOhio. 2500,

H.H. and Woodruff, C.M. (1968) Dissolution and
jlability to plants of rock phosphates of igneous
Soil Sci. Soc. Amer. Proc.

34. Howeller,
ava
and sedimentary originse.

2_2_3 79’820

pP.H. and Jackson, M.L. (1960) Inorganic phosphaté
transformation by chemical weathering in soils as

influenced by PH. Soil Sci. 90: 16-24.

35.Hsu,

(1962) Soil chemical analysis. Constable

36. Jackson, M.L.
1962 Edition.

and Company Led.
A.S.R. and Kang. B.T. (1978) Availability and
transformation and rock phosphates in three forest
soils from southern Nigeria, rock phosphate as P
source for plant. Communication in soil Sci and
o (6) 493=-505.

*
370 JUO,

plant analysis.




-84~

38. Khanna, S.S}; Tomar, M.K. and Gupta, A.P. (1984)
Biochemical transformation of fertiliser
phospﬁorus when mixed with organic matter.
J.Indian Soc. Soil Sci. 32(1): 84-91.

39, Khaswneh, F.B. and Doll, E.C. (1978) The use of
‘ phosphate rock for direct application to soils
Adv. Agron 30 : 159 - 206.

40. Kumar, P. aﬂd Mishra, B. (1986) Dissolution pattern
of Indian rock phosphates in acid soils . J.
Indian Soc. Soil Sci. 342 611-613.

41. *Lehr, J.R. and Brown, W.E (1958) Calcium phosphate
fertilisers : A petrographic study of their
alternations in soils. Soil Sci. Soc. Amer.Proc.
22 s 29-32.

42._ Lehr, J.R and Meclellan, G.H (1972) A revised laboratory
reactivity scale for evaluating phosphate rocks
for direct application. Bull. y-43 TVA, muscle
shoals.

43. *Lipman: J.G and Mclean, H.C. (1918) Experiments with

sulphur phosphate composts conducted under field
condition. Soil Sci. 5 3 243.

44. Mackay, A.D. and Syers, J.K (1984) A comparision of
3 soil testing procedure for estimating the plant
avallability of P in soil receiving phosphate

rock . Newzealand Jor. of Agril. Research. 27:

45. Mahapatra, S.R.R.; Mishra, A.K. and Chandra, D. (1985)

solubilisation of rock phosphate by Thiobacillus
ferroxidans current science , India.54(5): 235-237.




46..

47.

48.

49.

50.

51.

52.

53.

54.

Malonosov, I.L.: Zavertyaeva, T.I.; Agromanova, V.A
) and V'yugiha, T.A. (1984) physical cheracteristics
of dehydrated calcium phosphates from Karatau rock
phosphate. Agrokhimiya. No.l: 24-29,

Marwaha, B.C. (1983) Efficiency of nitric acid ang
phospheric acid acidulated rock rPhosphate in
wheat-blackgram cropping system. J. Indian Soc.
Soil Sci. 31(4): 539-544.

Marwaha, B.C (1984) Partially acidulated rock phosphate
as a source of fertiliser phosphorus with
special reference to high P-fixing acid soils.
Proc. of the Ind., Nat. Sci. Aca. 49(5): 436-466.

*Mc Clellan, G.H. and Gremillion, L.R. (1980) Role of

phosphorus in agriculture. Soil Sci. Soc. Amer
Wisconsin. USA.

"Mc Clellan, G.H. and Lehr, J.R. (1969) Am. mineralogist
éi: 1374.

Mclean, E.O. and Wheéley, R.W. (1964) partially acidulated
phosphate rock as a source of pPhosphorus to plant.

Mishra, B.? Kumar, P. and Dwivedi, G.K. (1985) gJIndian
Soc. Soil Sci. 33: 574.

Mishra, U.K. and Panda, N (1969). Evaluation of partially

acidulated rock phosphate in a laterite soil. Indian
Je. Agril. Sci. 32: 353-361.

Muchovej, M.C.; Muchovej, J.J. and Alvarej. V.U.H (1989)
Temporal  relations of phosphorus fractieons
in an oxisol amended with rock phosphate and
Thiobacillus thiooxidans. Soil Sci. Soc. Am., J.
533 1096-1100.




-86=~

5. murdock, J.T. and Seay, W.A (1955). The availability to
green housé crops of rock phosphate phosphorus
- and calcium in superphosphate rock phosphate
mixture. Soil Sci. Soc. Amer. Proc. 19: 199-203.

56 .« *Murphy, J. and Riley, J.P. (1962) A modified single
B 'solution method for determination of phosphate in
natural waters. Anal. Chim. Acta. 27: 31-36.

57. Nair, C.S. and Aiyer, R.S. (1983) Most suitable mesh size
' for powdered rock phosphate in aci? soils of Kerala
pased on P fractionation Indian J. Agril. Chem.
15(3): 51-60. ‘ '

58. *Narayanasamy, G.: Ghosh, S.K. and Sarkar, M.C. (1981)
Fertiliser News 26(8): 3. -

59. Narwal, R.P.; Gupta, A.P. and Antil, R.S. (1990) Efficiency
of triple super phosphate and Mussoorie rock
phosphate'mixture incubated with sulfitction process
pressmud. J. Indian soc. soil. sci. 38: 51-55.

.

60; Olsen, S.R. and Watanabe, F.C. (1963) Diffusion of
phosphorus as related to soil texture and plant
uptake . Soil Sci. Soc. Amer. Proc. 27: 648-653.

61. Pénda, M. and Mishra, U.K. (1970) Use of partially

acidulated rock phosphate as a possible means of

minimising phosphate fixed in acid soils. Plant
and Soil. 33: 225-235.

;2. Panda, N. and Panda. D. (1968). Evaluation of raw and

partially acidulated rock phosphates in acid lateritic
solls of Orissa. M.Sc(Ag) Thesis, OUAT.




-87-

63. Pattnaik, S. (1988) Reactivity of Indian phosphate rocks
in relation to crystal chemical structure of their
apatites. J. Indian Soc. Soil Sci. 36:

| 64. *Rao, N.K. and Rao, G.V.A.(1971) ggﬁeologidal Soc. of India
4(4): 356-367.

65. Rasal, P.H.; Kalbhor , H.B. and Patil, P.L. (1988)

Effect of Cellulolytic and Phosphate solubilising
fungi on chick‘pea growth. J. Indian SQC. Soil Sci.
36: 71-74.

66. Salmon, M. and Smith, J.B (1956) Residual soil phosphorus
from various fertiliser phosphate extracted by
different solvents. Soil Sci. Sov Amer, Proc. 20:
33-36. '

67. sSarangamath, RA.; Shinde, B.N. and Pattnaik, S. (1977)

32p trgacer studies on the method of increasing the
efficiency of citrate soluble and insoluble
phosphate for rice on acid soils. Soil Science.
124(1): 40-44.

i = e
< 5| = I =" e NP — & =
s

68. *sauchelli, V. (1963) In manual of fertiliser manufacture,
Indus Pub. Inc. Caldwell, New Jersey.

69. Sawarkar, N.J. and Dikshgt, P.R. (1990) Use of oxalic
acid industry waste as a source of sulpher and its

effect on availability of rock phosphate. J.Indian
Soc. Soil Sci. 383 333-335.

70. *Sharma, P.K.:; Bhumbla, D.R. and Kaistha, B.L (198C)
Available P in relation to some soil properties and
and the efficiency of the methods for its extraction

on the soils of Himachal pradesh. Agrochimica.24(213):
102-107.




71.

72.

73.

74.

75.

‘; 76.
o

T e

Sharma, P.K. and Tripathi, O.R. (1984). P availability
indices in relation to P fraction in some Himalaya
acid soils. J. Indian Soc. Soil Sci. 32(2):
292-298. |

*Singh, C.P.; Ruhal, D.S. and Singh, M. (1983)
Solubilisation of low grade rock phosphate by
composfting with a farm waste, peart millet boobla.
Deptt. of Soils , Haryana Agril. Qniv. 8(1): 17-25.

*Smier ~2-Cha¢ka, K. (1962) Fertiliser value of rock
phosphate studied by using 32p. Zemli-Bili. 11:
553-~557.

*Ssubba Rao, N.S (1986) Biofertiliser in agriculture, mohan

primalani for oxford and IBH publishing Co, New Delhi.
Syers, J.K. and Mackay, A.D (1986) Reaction of

sechura phosphate rock and single super phosphate
1n Soilo Soil SCi- SOCQ A"\o J' 5_0.: 144"148.

*Tahovn, S.A. (1976) The reaction of monocalcium phosphate
with kaolinite. Egyptian J. Soil Sci. 16(1): 69-74.

Terman, G.L.; Bouldin, D.R. and Lehr, J.R.(1958) calcium
phosphate fertiliser, availability to plants and

solubility in soils varying in pH.Soil Sci. Soc.
Amer. Proc. 223 25-29.

Tiwa¥i, V.M.; pathak, A.N. and Lehri, L.K. (198&) Manurial
value of compost enriched with rock pPhosphate and
microbial inqsulants to greengram. J.Indian Soc.
Soil Sci. 36: 280-283.

>



78.

79.

80

-~ - e
o 5
[ et

- =

A T
[ve)
[
.

e

-
T
_.:.;‘__ﬁ =

Rl

)

-89

Tomar, N.K.: Sharma, A.K. and Gupta, A.P. (1987). Effect
of preincubated phosphates, manures and pyrites
on the phospherus transformation in a sodic soil.
J. Indian Soc. Soil Sci. 35: 432-440,

Tomar, N.K.:; Sharma, A.K. and Gupta,iA.P‘(l987) Fresh
cattle dung treated with rock phosphate and triple
superlphosphate during decomposition of cattle
dung. J. Indian Soc. Soil Sci. 35: 244-248.

* Venk%teswarlu,'B.; Rao, A.V. and Raina, P. (1984)
Jd. Indian Soc. Soil Sci. 32: 273.

Walkley, A. and Black, K.A. (1934) an examination of the
' degt—jareff method for determining soil organic
matter and a proposed modification of the Cchromtic
acid titration method. Soil Sci. 37: 29-38.

On({?,uaﬂ not Ceen .



