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SUMMARY ]

-yHe-enclosed article examined-the scope of Ipdian-rock iz s

- = phosphates, including Mussoore Phos, for.use . dn-fertidizer-apdic: s

= ¥"crop prodtction. The salient points brought out- are presented .- .-
mIWO o =

z.=c-Y, Rone of the Indian rock phosphates conferm to .the
suitability requirements for-use in-fertilizer manuf actureys rerte ‘;';

2. Mone of them, including Mussocozie Phos, is of
reactive nature as judged from the crystal chemical structure and
other chemical properties.

All of them have very low 003/90‘ ratios which
further confirms their pon-reactive pature, - - - T mEITTTUToaamoaas s

-3, 8oil acidity increases the availability of- --- . -

phosphates only with reactive phosphate rocks,. -Since Indian rock .
= phosphates-are unreactive, as indicated above, the. soil acidity - -
i~= aces pot-Felease the phosphate from them when applied to: #oils~ -

< t===-—g¢, Pleld experiments on rice:and:other short:duratien
crops conducted on acid soils.with the.direct application of ¢ & 1.
t - powders¥ Infilan rocks including .Musscorie Phos-heve:given pields . &

i ' comparasble-only to control. It‘ztsg«nmont,that;wan;mg P Y
i phosphitei=are-not suitable for direct.application.as:a fertilizer; .
: dm cresr DYoduction. $ e Tl -




INDIAN PHOSPHATE ROCKS:
SCOPE FOR THEIR USE IN FERTILISER AND
CROP PRODUCTION—A REVIEW

The scope for use of Indian phosphate rocks in fertiliser and crop

production has been reviewed based on the composition of ore and

crystal chemical structure of the apatite in the ore. The influance

of soil acidity and crop species on the dissolution of P and agrono-

mic etfectiveness has been aiso discussed. The raview confludes
with a few suggestions for future work. ,

DR. 8. PATNAIK
Director
and
DR. R. N. DASH
Scientist §-2
Certra! Rice Research Institute
Cutiack - 723006

Wiih intensive cropping. the use of
phesphatc ferulisers, in addition to N,
‘has~increased. The Government of
Indiz is at present going in 1 big
wav for incrzasing the production of
use and otseed crops. These crops
hasve higher P renuirements  Increas-
ing cuilivation of puise and ons:zed
crops and other cereais will thus ha.e
higher demand for phosphatic feruli-
sers. In earlier vears. the fertilisst
industries in India  were importing
bcth  the raw  materials—phosphate
rock and sulphur sulpbunc acid for
th> manufacture of phosphatic fertili-
s2rs.  In recent vears. these materials
are being  increasingly  substituled
w:th imper:s of phosphoric acid. Thi:
has resuited in a marked increase in
the ¢est of the nutriznt P in the phos-
phatic feruiisers.

e

Scveral deposits of phosphate rocks
ha~e bean idsntified in Indic durnng
the past 25-30 vears and the ore from
manv of these depoesits 1s being min-
ed Work on the suitability of thase
Indian phosphate rocks for ihe manu-
facture of phosphatic fertilisers as
welkas their direct use in crop pic-
duction was started during the mid-
1960:. Reports of more systematic
work are bzing published frem mid-
1970s. This review Is an attempt 10
provide reliable information on suit-
ability of Indian phesphate rocks for’
fertliser and crop production. ’

Use of Indian Phosphate Rocks
for Production of Phosphatic
Fertilisers

Phosphatic fertilisers are’ produc:d
by ihe reaction of phosphate rock
with sulphuric acid or phosphoric
acid in the wet process or by the
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thermal process. Therefore. the com-

. position of the ore is imporiant in de-

termining the suitability of their use
in the phosphate feriiliser industry.
Information on the choracters and
chemical  compoesition  of  seweral
Indian phosphate rocks is available
(2, 4, 10, 13). From ihs chemical
ccmpesizion of  different  phosphate
rocks, it was reported that none of
the scurces ¢xcept one from Madhyva
Pradesh was suitable for production
of phosphatic fertilisers by the wet
process, as these contaiped less than
13 per cint  P: the Mussoonz phos-
phate rock bazdly qualified for use 1n
the phesphafe indusirv. while another
grad: from Madhya Pradesh was con-
sidered suitable tor use in the therma!
process because of its high silica
content. The remaining sources were
considered suitable for production of
elemental P as thev contained about
10 per cent :10.

Besides the P content of thz phos-

phats rocks. ths pature. and amount.

of accessory minerals present in ths
ore also det:rmined their suitability
in the production of phosphate fert-
lisers by the wet or therma! processes.
The nature and amount of different
minerals are easilv determined bv x-
rav difiraction analvsis :XRD:. Both
qualitative ynd quantitative estimates
of the accessory minerals in the ore
have been- reported 13-
These phosphate ores contained ap-

-
2, 7,

preciable quantities of -accessory
. minerals. especiallv calcite.. dolomite
"and silica. Phosphate rocks havirg

13 par cznt P content or more, CaO
P.O; ratio close to 1.6 and lower con-

_tents of accessory minerals .containine
Ca, Mg, Fe. Al, CO, are considered

suitable for the manufacture of phos-

“phatic fertilisers in the wet procass. In
‘other words,

suitable rocks should
have an apatite content of 80 per
cent ¢r more. Higher contenis of ac-
cessory minerals entail  use of large
quantities of acid. biind fiters on for-
maton Of viscous siurry due 10 excess
Ng, resalt i shndge and scale forma-
tion and precipitation of P due to ex-
cess Al, Fe eic.: and in the corrosion
of the reacuon vessel due o presenee
of excess CI and F. The desirabke
composition  of phosphate  rocks
for the wet process production
of P fertilisers was 30-32% P.O, 2.5
3.0% F. 2.5-3.0% SiC:, 3% R.O. and
4.5% CO- Daty on chemical compo-
sition and content of accessoryv mine-
rals indicated that none of the Indian
phosphate rocks corformed to the
suitabilitnv reguirements for use in the
wet process.

Phosphad'e rocks coutaning higher
amounts of SiO. are found suitable
for production of P fertilisers like de-

Auonnated phosphate or  Rhenania
Woch v the th 5] ~
phosphate by the thermal process.

The phosphate rocks frem Meghna-
gar .chirt based and Maldecta may
be considered suitable for the pro-
duction of Rhenania tvpe phosphate
fertiliser,

Criteria for Direct Use of Phosphate
Rocks in Croo Production

While the amounts of apatite pre-
sent in the phesphate rocks deter-
mine their suitabilibv for use in the
production of phosphatic fertilisers,
the cristal chemical structure of
apatite in the phosphate rocks deter-
mines their suitability for direct use
in crop production. :
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Crystal chemical structure of Indian
phosphate rocks

The pure fluorapatite may be re-
presented by the empirical formula
Ca, PO, F.. Sedimentary pbosphate
rocks contaiu fluorapatites which are
affected by isomorphous replacement
of their copstituent iops hke Ca’,
PO.*-and F-by (Na*,K+,Mg*),(COs*~
+F-) and (OH-, CI7) respectively.
This isomorpbous replacement affects
the unit cell dimensions & and c
axes: of bexagonal apatite crystal.
The unit cell dimensions are deter-

mized by XRD and a computer pro- o

gramme -12. From elemental ana-
Jveis and stoichiometry, the CQO. sub-
stitution x+of PO, x 6x could be
determined }2° where the theoreli-
cal and obsered limits on X was
such that the value of x /6-x was Jess
than or nearlv equa! to 0.3. Higher
subctitution. would disrupt the apa-
tite structure. From the informaton
or. a. obtained from XRD. apatite 0
sedimentan  phosphate rocks wonid
he represented by the gemeral {for-
mula 12

Table 1—Comperison of ‘@’ values

Cu,.,...Nl.Mg. (PO‘)(-: (Cot)l Flov

the values of x, a, b and y being
calculated from the relations:

a, obtained from

X
XRD' = 9374 — 0204
6-x
3
a - Na = 1327 —
6-x v
; ¢
S \.\ig," = 0515 —
.o 6x -
v .average value = 0.4 x

These sophusticated facilities of
XRD with a related computer pro-
gramme are not available in many
Taboratories, especially in the deve-
loping countries. From the data on
“th: NH.-citrate eatractable P o
the roch i1 the 1, 2.1 +2. 1 to 3
“and 1 to 5 extract, the a, values were
calculated 6 with the help of the
corresponding regression  equations.
_The calculated a  values for each of
the extracts. along with the a values

soluble P in successive extracts

obtained from XRD (7, are preseuted
in Table 1. Statistical comparison of
the a, values obtained from XRD anc
those from calculated from difierent
NH,citrate extracts show that the

- a, values calculated from cumulative

P ix the 1 to 5 or 1 to 8 extract, ex-
pressed either as per cent of rock or
as per cent of P in the rook were
statistically on par with those obtain
ed from XRD, while those obtained
in 1, 2 or 142 citrate extracts were
different. The crvstal chemical para-
meters, a,, CO; PO, and F PO. of
apatite in the Indian phosphate rocks

qu]d be calculated from equations
‘ = 9367 — 0.00049 x:
CO. PO, = 0.0187 + 0.0027 x:
F P.O. = 00457 4+ 0.0027 x;
C = 0.0364 + 0.00034 ¥
where v, = cumulotive P in the first
five successive NH.

citrate extract of phos
phate rocks expressed
as per cent- of the rock

of Indicn phosphatc rocks obiained from a-ray datc and from citratc

. } t
‘ ‘ ac i throuph citrate seluble P [ 18 A through ¢citrate soluble P |
' . (S, o rock) (% of t0tal P) i
Phosphate rock 8c A ir extracts inexractis !
x-rRYy ' Mesn
i i f ‘ i
T+ | ®  1+2 1105 {1108 1 2 | 142 1S 1108
B : : i
Mussoorie g 3648 98501 3601 6.3596  9.361€ . 93636  § 3560 §.3573 93566 §3t78 932 9356
Jhamarhours $.3762 $.362¢ §.3624 §.3625 9.3851  §.387¢€ ‘!,3602 $.3607 ¥ 360F $.3€:E §.3€L2 93650
Yasipainam ¢ 4456  © 3627 9619 §.3625 3685 §367¢  B.3614 6360 $.3610 § 3627 CIlE€EC 6363
Puru!iai;:—? §.3052 §.35¢7 $.361% 9.36C7 $.3637 93663 $.8575 § 3568 9355 9.3€12 8 IEME 9.302
Meghnage’ | $.3767 g 3628 ©0.3627 ¢©.3626 §.3651 9.367¢ 9.3616 9.3611 €.3614 9362 @ 2€61 9.3634 .
Meghragar i
(Lime stone based)  8.83777 9.3635 9.3643 93640 $.3670 §.3693 9.3623  9.3€33 93628 9365« 93676 93650
Meghnagar i}l . )
{Chirt based) £.3732 9.363¢L ©3630 9.3633 9.3660 9.3583 $.3620 $.3614 9.3¢18 92539 93661 9.5€39
'l-t‘tt' 29301 2.9187 2.2192 18763 1.7510 2.393%  2.3656 23783 21719 14675 2.1084
. . . ns ns o ¢ * ns ns ns

* = Singnificant at 5% level.
ns = not significant.
Soc;ru: (n.
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«nd x: = cumulative P in the Table 2—Empirical formula and absolute citrute solubility . ACS) of Indian

first five successive phosphate rocks obtained from a, values colculated from P in 1-5 citrate
NH,<citrate extract ol extract Table 1; by the chemical-statistical model

phosphate rocks express.
ed as per cent of total
P in the rock. : Phosphate rock Empirical formula Th':é:"‘"} ACS®
The empirical formula of the apa-
tite, calculated irom a, of the chemi- :
cal-statistical model, theoretical P % Mussoorie Cas.sz Nas.ow MGo.as (PO, 41 (COsle.ne Fs1a 17.4 56
. K e - t ¥
;f'd ACS are also preseated in Table Jhamarkotra  Cas.s Nae.o: Mge.os (POLs.12 (COne.ss Fans % IR
From the XRD of different phos- Kasipstnam C8s.9: Nao.og Mgo.0r (PO)s.74 (COsdo.ns For 1.8 3
phate rocks (Figure 1.), diffraction
peaks for 2-theta values in the Purulla Cas.oe Nav.o: Mgo.03 (PO )s.as (COs)e.2s Fau1s 17.7 4.8
2% 131 0° ,
_rda.ngs; aéﬁ;gh}:ios' wmérggp‘%ﬂgéﬂg_’ 7:: ~ Meghnager!  Casr Nashs Mge.e2 (POJ)4.m3 (COsde.rz Fauts 17.8 4.0
_,,2—,72” a-Qd .:2-&3 A indlC;te tb,e pre- RN Megh Ei" "4{. T3y N i ME (PO -sACO F . _ ._ﬂ 3.
sence of apatite in the phosphate - . ronn yl'_ : o »'—','F,‘“'i“( DedCOMpFro  Coo 72O g, 33
I’Oé;? ol :.-\ssaming all the P in the . Meghnagar 11l = Clni Nass Mge.oa (PO 76LC0)nge Faae o . ~17.8 - 38
ore is apatite bound, a comparisou - S : :
— betwgen theoretical P content of the . —— — - — SR
rock calculated from the empirical : : L
forthgla Table 2. and that actually  CACS=341(9.376-80). Tt
! ' . . - obtained 6. would sbow that the
Initial 2 Theza = 2 el a 2 Theta » .. ,C ‘L‘J!Culated apatite in the rock was in

the range 4568 per cent, which wus

. Time interval = ! second
: moure or less comparable to that ob- -

i.6- .8 { '
!l: l Mussocrie [' Maghnagaz II2 tuined from XRD ‘T,
1.3 4 .57 oo
I W‘J,‘(*j SR Sy I may .o ie seen from the empi-
°.Jt W‘WMMIZ}\___/LJW - A a, vical fc oo .. __lculated from the
s.5¢ 2.5 ; chemic... .*- tmodel :Table 2,
r Jhamazkotra t | Seetmas that there - <+ 2 little substitution
1.5 ; 1.5 l : of COs - @ - FO, in the apatite o}
t L ;'t the Indian phosphate rocks. The
:. gL\AA_ LJ "“U NP b !-‘~-'\s.~bjw — b IR spectra ‘Figure 2 of Indian and

North Carolina phosphate rocks show

~ 1000)
<
L

1. . 1.87 AR =
1 Kasipasaam t l worth zarslina - tvpical absorption bands of P-O for
oA LJ. | Bl ﬁ H apatite minerals at 3575, 602 and
b : (. b 1040 cm -!. The nature of IR spec-
‘du“dwd*uk—_w@-!lt\’—"i‘ e s — -~ tra of carbonate-apatite, . carbonate-

.7 -
-T ~ flucrapatite and hydroxy-apatite. are

1

second

s

2.5
already characterised and North Car-

Rerrocce olina phosphate rock has been esta-

1. Purulia 1,5{ . ‘ 4
M ‘ }‘J p blished to contiin carbonate-apatite.
3.3 _ L_L..ll,lw_ AL W \_.;quln ‘ ~ which has absorpton bands at 1429
T.2; — 0 — . and 860 cm™l. - A comparison of b-
| meghnagas 1 . sorption bands of eight Indian phos-
Laees ‘phate rocks with those of North Caro-

2t : :
R lina ohosphate rock Figure 2' indi-
LN e
2.2

cafed that the. former were close to
Meghnazar II 1.3

sity., .(Caunts

,
-
}

Tephe

- fuorapatite with little or no subst- -
“tution of COs + F for PO, in the -
apatite crystal ‘2. 7, L3i Heace, if
from Beld geology or from IR spec-
tra. an unknowm, phosphate rock is

; : 0.4 s : KW
:i 4 - - %“‘* -~ established to contain earbduate-apa
$3 65 S 1? 2 e . % . e _ tite in the abscoce of sophisticated

.. XRD .and computer facilities, it may -

f 2 Theta (degree) -
i . ' _ be possible to compute the crystal
+ Figure: 1—X-ray=diffractogram of Indian and .exctio rockphos-. .- = .chemical -. parameters,~, 8,  CO» PO,
| ‘ T T phates. - and F/P:O. of apatite present in the

25
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rodd. with a reasonable degree of ac- .

curacy. from accurate information on

cumiulative P ir: the 1 to 3 successive

extract of the phosphate rock in the
NH. -citrate. with the chemical-stat-
stica! mode! 7.

Reacticity of Indian phosphate rocks
in relgtion to their crystal chemical
srucure -

The efectiveness of phosphate
rocks from different geologic and ge.
graphic OTigits.
for crop production. has  beey re-
ported tc be variable. This is aturi

buied tc their diferences in react- .

vih. The reactivit is measured in
tHe latxi-atory from the amount of P
exi-ucted from the phosphate sock
bi MH -ciirate. 2 per cent citric acid.
2iaent formic acid or 1 per cent

1N cid or NaEDTA 12

!The reactivit of sedimentany phos-
ate rocks. as measured by extrac-
ibr with NH.-citrate is considerabh
influenced by the amounts of acces-
sér_\' minerals like caicite. dolomite,

-: g¥psum etc. present .in the sample.

igher contents ~of . these minerals
nsume a part of the added citrate.
a result of which™the release of
into the extractant is reduced in
first extraction. . Hence, for the

—dhtermination of reactive P, -the first qiconstant

wher used directiy .

&0 Aot

Zentiemezce. "

Fipure 2—IR spectra of Indian and North Caroling rockphosphaics.

extract is discarded and the second
—extract 1
12, But citrate was found to intes-
fere in the cojorimetric determination
of P by the vanade-molvbdate colour
method 6. A maodification of the
moe  sensitive  sulphomolvbdate-
<nCl blue colour method was used
for de'erminatiop,  of very  small
amounts of NH.-citrate extractable P
of phosphate rocks in presence of 0.1
meq of NH.-citrite €

“Petrological examination, of difer-
ent phosphate rocks showed that the
apatite w most sedimentary ores was
homogeneous ‘12 . - Most of ‘the P
Syorms in g giver deposit consist of a
“siugle tvpe of apatite. whose physi-
cal aud chemical characterisiics are
relativeh  uniform. © However. the
. concentration of - apatite in the ore
varies considerably’ from one loca-
tion of the deposit to another. This

s Jmown as the grade of phbesphate

é,; gock. .- Hence, the reactivity of . the
~“phosphate rocks for a given deposit

. cannot be related to_the grade of the .

o .ore. . Hence the solybility of P. in
+:the phasphate rocks may be express-
. £d in terms of the grade of the apa-
P given

_deposit,, instead of the grade
,hof the

phosphate rock which was -not
{12) and.a . reactivity indes

Lé
-,

_bua, Madeota,

wheseas the phosphate ocks

“tite, which is relatively uniform in a -

6 The Jdabio an

-aboslute citrate solubility, ACS’, was
suggested in preference to convep-
tiona) citrate so'ubility. These two
indices have been defined as:

Conventiona) citrate solubility

citrate soluble P
--- x 100
total P in the rock sample

citrate sojuble P

x 100
theoretical P % apatite

ACS =

Information op the unit cell Jength
a, is therefore essential to kuow the
theoretical P content of the apatite
for determination of ACS. It is also .
related to ar-by- the equation: . -

ACS = 341 5376 — a’
and gives a more reliable measure of

the reactivity of phosphate rock -
tharn NH.-citrate soluble P alone.

Bhujbal and Mistry (2, with the
use o: Indian phosphate rocks from
‘Udaipur, Jhamarkotra, Purulia, Jba-
Durmala, Mussoore -
and Kasipatnam and  exotic phos
phate rocks from North Carolina, '

taken iuto consideration © Ceutral Florida and Tenuessee, ésta- .
! " blished a significant libear relation-

ship between NH.-citrate soluble

P -
and mole ratio GO, PO, of the rocks
Figure 3. In these studies, the
Indian phosphate rocks CO, PO, of
less than 0.06, had much less than 1.0
per cent of NH.citrate scluble P.
from
Tennessee, Central Florida and North
Carolina. havinz CO. PO, of .05

C 0140 and 0.252 bad citrate scluble

P of about 1.0 per cent. 1.5 per ceut
and 5.0 per cent respectively.

' The relationship betweer. ACS and

GO, PO, for eight Indian {Mussoorie, -

Kasipstnam, Purulia

Jhamarkotra, ) l
three orex from Megh-

Udaipur and

pnagar . six US North Carolina, North
“Florida, Ceutral

0

) Florida, Missouri, -
I1daho and Tenzessee,, two Afncan -
\oroveo and Gafsa) and one middle

east :Jordan' phosphate rocks  was
found to be linar and highly sigai- .
ficant’ (Figure '8). °This “population ,
had more, number of values of CQO:/
PO, especially jn_the” range 0.06- -

.0.263 ds tompared to those of Bhuj- .
. bal and Mistry 2]

The eight indian ,
phosphate_socks. and~ Missouri {US) _

rock, -which “had OO "PO. of léss b

than 0.06, had' ACS values Jess than
io and Temnessee 1ocks. ¢
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< 18
J_ = 0.962

18

3o} 2 12

2

Absolute CLtrd te solubility (ACS)

seutwrsl WM, -citrate solwdble P, & of vesh

i A

i

pnosphate rock, edaphic factors and
the plant factor would determine the
efficiency of phosphate rede for -
rect applicatipn m crop production.
iome of these aspects are discussed
ere. -

Soil fuctors favouring dissolution
Low soif pH in the acid range is
likely to dissolve the apatite in.
osphate rock. Bhujbal and- Mistry
1, working with eight Indian pbos-
phate rocks and three US tocks ob-

dead

0
002 006 010 O1s D18 022 026

MOls TatD ’::3 : PC

4

Figure 3>—Rel: 7
- citrate soluble P and ACS.

which had COs PO, i the range
0.06-0.05, bad ACS in the range 6-9.
The -emuaining phosphate rocks with
CO- PO, of 0.10-0.26, had ACS of 9-
18. The North Carciina phcsphate
rock had the maximum possible sub-
stitution of OO + F for PO, in the
apatite crystal to make it stable. With
the ACS of North Carolina rock be-
ing taken as 100, the phosphate rocks
having relative ACS below 10 per
cent with reference to North Caro-
lira phosphate rock are unreaciive
and unresponsive 9. The Iadign
hosnhate rocks had ACS yalues of
31 per cent or less relative to Nortn
C:zrolina__phosphate__rock.  Herce.
Fese mav be considered unreactive.

Agronomic Effectiverzss of
indian Phosphale Rocks

From the discussions presented se
far, it may be seer. that the crystal
chemica! structure, especially m<le
ratio CO. PO, CO» + F substitu-
tion for PO, in apatite crystal) of the

apatie, is an indication of reactivity
ogﬁ?phgte rocks which is measur-
ed DF neutral NH.-citrate extractable

P. The Indian phosphate socks had

—
el

W
-r

) ppm Olsen ‘P

]
0'072 HO_C_)_G_ 0
in aps i

itions of mole ratio CO. PO, of phosphute

pire Bray T

taned siguificant correlations bet-
weerr citrate- soluble P in the
rock-ard~Brav 1 extractable P in
Beoded or saturated acid soil of pH
18 Their data. presented in Figure

i - A Y1
0 o1e 018 d22 026

rorks with

U::-_sn:u:a:_od scii
(ph ¢.8) -

S ©
L]

10 20

e sel-;b‘.o' P, x of ock

1-0 20 3-C

Ne_ w78 . ammonium cicze

0

30

Saster sclil
(pH 5.4

xhuntusni soii
(pH 5.4°

¥

LT s

Hyde-ar&d o311
‘(pH ..")1

+
«

21

S

3

L

very Jow CO; PO, ratios, hence were

%Et_v_e_ry_'_rg_a.ctixﬁ_me dissolution o
‘from phosphate rocks may be has-
tened under acid soil conditions re-
su'ting in increased .availabie P for
cop growth. Further, the types of
crops—cereals, legumes, oilseeds etc.
may have differential ability to ab
sorb P from a fertliser-soil system in
volving phosphate rocks. Thus the
t§ree types of driving forces—crystal

emica) structure of apa‘ite in the

mmm 1988
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4 show that the Bray 1 eatructable ¥
for the Indiau phosphate rocks add-
ed at 200 ppm P  was Jess than 2
ppm P, which might be considered
debcient jor optimal growth of awy
<rop.

Dats oo Olseu’s P as juHuenced by
the applicution ol 80-10U ppm P as
Indian, US, Atlrican and Miadle East
phbosphate rocks in soils of pH 4.2-5.3
has beey, arranged in ascendiug orde:
of ACS .Figure 4, All the lodiau
pbosphate rocks, which. had relative
ACS of 30 per cent or less, guve
Olsen’s P value of 5 ppm or less,
which might be considered deScient
les crop growth, whie those from
Morocco, Central  Fiorida,  Jorda
North Berida, Galsa aud North Care.
lina. whith had relutive ACS of mure
than 60 per cest. gave &15 ppn

lser’s P jp soil, which might be
cousidered adequate for crap growtls
Chuvdhan and Mishra 3. workivy
with u suil af H 5.6 however ol
taived av increase i Brav P i the
range 32539 ppm with Indiun phos
phate rocks applied at 300 ppm P. in,
«n €quilthration.  time of 30 dave
Bat 0o such transformations  ever
with North Carolina phosphate roch
wue obsenved 6 ir a soil having pH
84 dats also given in Figure 4. It
nlaértlge:efo,fe b:ﬁjnferred |txa: sail
atiaih was passibly one of the eds-
phic_driving Force: in increasive P
sva'lah TN Trom phosphie roche ond
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wrner the P oovaiiahiithy  incregced

¢ _acic sailk 6 moge ate Jeve'« only -

with TeLTTve PhoHLate Tocks.
Crop response 1o applization of
hdig:. diaspliate rocks

Dash et al. .6¢ and Dash und P
el urpoeblished have tred to eva.
luatesexor factore by growing rice
mcliv separately ou acid sails
&€ ctudies. the phosphate rocks
were primed under moist acrobic
soii: condition before growing rice
D2% 0 dn matter productio:, P
coutent and uptake for the twe crops
arrdnged in ascending order of ACS,

seet that Indiay _phosphate rock..
--—vé%’igh_@mﬂmd“
ter} production - than  coptrol. the

amip;esented in Figure 5. Jt mav be
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Figurc 5—Dry matter production. T conient and uptake in rice and
diaincha grown on eoid soils with  different  phosphate rocks

urranged 1 escCoding order of ACS .

Ficures o jerenthescs indiwcate the ACS values,.

The selutive  agrentmic” effective
Lec: RAE of phnsphate rocke fo
rice on acid sol's has been evaluated
_with triple superphosphiate TSP e
1K) The relative econmic efeciive-
nes. REE ic the p-nduct of RAE

T e phce Totior of PO m TSP

RI. So phosphate rock moy he
diecth used i place of TIP
whe~ "REE “exceeds 100. -

Fiom the foregoing discassions, it
muDe seen that  raw__ powdered
kidia. phosphaie rocks may ot he

qutanle ior direct application as a
fertidser iy crop -production.. There
ave_however, renorts -with different
ereps which ‘

T1ct

\m‘\

show ‘the efbiciency of
hdia:. phosphate rocks, ~ especial’y
Lrom Mus:oorie and. Purulia, appro-

‘vields_were as poor- as_control- com- - «ching superphosphate (8, 1. 15.

paned to Jardan. ~ Gafsa and North
TCajolina _ _phosnhate - .rocks. : whose

Yviejds _were -camparable to <bat of

superphosphate.

%
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The driving-forces {avouring such in-
- creased cron production Wwith appli-
~¢-tion_of  usreactivg -, Indiay phos-

phate rocks could not be explained

in the light of rock's reactivity. _S¢
thic needs further study. Panda 14
hac suggested that depeuding or scil
acidin and cropping svstem. the

oS
of phosphate_ fertilisstion could be

reduced by adding small portions .o
water sluble P ac superphosplate to

Lirge pottione of Indian pliosphate
racks  Tande: .16 has hstec thic as

4 Jow,_prority item. possibly because
there will &til! be need to manwlac-
ture superphosphate  which required
edditional impuris of sulphur ‘sulphu.

Tic acig. o i
“Scape for the ust_ of partially
“vciduleted phosphate sock as a P
fertiliser. R N
. .HyJrochloric” acid ‘eflectively sub-
“stitutes HSO, 6r H,PO, Jor acidula-

” Ltior; "ol "phosphate. ' yock ~to produce
phosphatic fertilisers (5. :Phosphate
.tock ‘a,c'}‘cbj}a&d' with HGL “HSQ, -or
H.PO,"fo the extent of 50% of com-
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4 show that the Bray 1 eatructable ¥
for the Indiau phosphate rocks adu-
ed at 200 ppm P wac Jess than 2
ppm P, which might be considered
debcient Jor optimal growth of au)
¢rop.

Data ou Olsen’s P as julucnced i
the application of 60-100 ppm P as
Indian, US, Atricun and Miadle East
phosphate rocks in soils of pH 4253
bas beey arranged in ascendiug order
of ACS .Figure 4. All the Jodia,
phesphate socks, which. had relative
ACS of S0 per cent or less, guve
Olsen’s P vahie
which might be considered de§cie
law crop growth, while those from
Moroecu, . Central Fioridu, Jorda:.
.\orth~5§;ida, Gafsa aud North Care.
lina, whick had relutive ACS of mure
that: 60— per cent. gave 515 ppn
Olsev’s P in goil, which might he
cousidered adequate fo- crop growtls
Chuodhan and Mishry -5 - work v
with u soil qof iH 5.6 however ol-
taived an increase in Brav P i1 the
Fange 52-39 ppm with, Indian phos-
phate rocks apphed at 500 ppm P. i,
«h €quilihration,  time of 30 das.
Bat a0 such transflormations  ever:
with North Caroling phosphate roci
Waus obcened 6 in a coil having pH
54 dats alw given in, Figure 4. 1t
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- s
atidin wac possibhy one of the ods.
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Dast et al. .6+ and Dach und Po-
nedunpoblished have tred te ev o
uste mezor factore by IreWIng rige
sogfmhcliu separately o acid soil
&€ studies. the phosphate rocks
were primed  under moist aerohi
soii: condition before growing rie
Da% o= dn matte: produchios, P
coutent ard aptake for the two crops
arrdnged in ascending order of ACS,
are,presented in Figure 5. Jt mav he
seek that India;,_ phosphate rock..
thopgh gave slichfly bigher dm mat.

ter! production - than control. the

Mejds were as poor- as control- com.-

paed to Jardan. Galsa _and North

Cajolna __ phosnhate * rods. whose
{vields_were cqmparable o +Abat of
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Figurc 5—Dry matter production. D conient and uptake in rice and
dlaincha grown on acid soile with  different rhosphatc  rocks
arranged 1n asccding order of ACS .

Ficures w jerentheses indicate the ACS valucs .

The selative  agronomic efective. i the light of rock’s reqctivity, _Sc
nees RAE ol phasphute rocks foo thic needs further study. Ponda RE!
et eu acid sol's has been evalusted  hac suggested that depending or sail
-wilh triple supephospliate TSP a¢ acidin and cropping svstem. the cost

The relative econ. mic efecive-
REE: ic the p-nduct of RAF
O he pTice Tatine of PO, 3n TSP
RP. So phosphate  roch may he
directh used i place of TSP Guh

whe~ "REE “exceeds 100,

From the foregoing discassione, it
muv De seeu that  raw  powdered
hidia::. phousphate rocks may Lot bhe
suitable Jor direct application as  a
fertiiser iy crop production.  There
are however, reporfs “with diferent
creps which  show the efficiency of
hdiaz. phosphate rocks, ~ especial’yv
Lrom Mus:eorie and” Purulia, appro-

-+ching superphosphate (8, 11 15.
The driving-forces [avouring such in-
“credsed cron production JWwith _appli-
~e~Hon of usreactive - lodiay phos-

vhate rocks could not be explained
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ture superphosphate  which required
eddtional-impuris of sulphbur "sulphu.
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fertiliser oo 8 N
. -Hygdrochloric” acid ‘eflectively sub-
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