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CHAPTER-I
INTRODUCTION



INTRODUCTION

™e significant role of phosphorus in suztaining
and bullding up of land fortility particularly uader
intensive syston of agriculture, has besn amply demonstrated
from tho resulis of large number of studies carried ocut all
ovey the worlds. Soils are known o vary widely in thair 'P*
supplying pover to crops. The dynamics of phosphorus
transformation in the sofl system and its fimtlon and release
charactoristics have been the subject of numerous yesearch
iavestigations, but in actual practice the most pertinent
issus 1s to lmov how ameh *P! can be made avallable to crop
from the nativs pool. The work on phosphate nuterition of
plant carried out in India ani atroad suggest that about
15 = 25 § of tho added phosphate is only utilisod by the crop.
The applied vater soluble phosphbatic fertilizers are likely
to undergo transforsation ia the seil in aceordance with
the physieal, chemlcal and b 1clozical properties of the
soil. Plants derive phosphate from the relatively less
soluble %ransformad products aftoyr thoy underge a process of
dissolution or solubilization. |

"Ia India nearly one third of the enltivated land 49
mdor acld soils. A large part of Ovisoa i also covared
with asldic red and lateritie seils having lov avatlable
phogphoriis content and very high phosphorus fixing eapacities.
. Therafors, the quantities of phosphorus required to develop
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a satisfactory potential are so great that it is not
econouical to satisfy the absorptive capacity of soil by
using vater soluble phosphate carriers. So less expensive
insoluble and citrate seluble sourecs of phosphorus lilke
rook phosphate applieation in aeid soils, as a soures of
phosphatie fertiliser, nesds to be tostsad.

Reeont minsralogical explorations by the
Geologleal Survey of India have discovercd etensiw
rageorves of roek phosphates in various reglons of India, A
total cstimated reserve of 220 million tons of roek
phosphates oceur ia 4ifferent states of India, lilke
and Andhwra Pradesh.

The rock phosphates vhich ave the mala row
material for manufacture of phosphatie fwﬁnﬁx ara
neither sufficiently available in India nor they satisfy
in most eases the reguisits quality and speeifications of
fertilizey industry. Under these elreuwnstances the problen
of utilising the indigencus sphates in fertiliser
for relatively simple but velinble moans for predieting the
eirommstanees vhore ia vock phoophates can bo applied
either diveetly or after some medifieatioans, like partial

inereasing the agrononie effectivencss of
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inothor important issus is, the use of phosphbatic
fertilizer on the basis of soll test result. Soil testing
as a tool is the ey for profitable ercp production
privided the 'PY is well correlated vith erop yield.
Difficulties arise vhile establishing a good eorrelation
detuwesn the amount of P oxtracted by a particular method
vith the wesponse of a particaular erop. There
of a suitable soil test method for such condition will be
ugeful for better utilisatien of phosphates. |

1» To imst&gaﬁa vhether usgeoris rock Mate ean he
ased as a phosphate soures for acid latoritic soils.

corpare effectivoncss of varying degreo
aeidulation of Massoorie rook phosphate vith varyiag
anmounts ef %P% and ﬁgm&
3« To investigate both the diveet and residual effect of
partially acldulatod Mussoori

L
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'HEVIEW OF LITBRATURE

Phosphorus being ons of the most lmportant esseatial
elemont for plants has dravn the attentién of soil seleatists
and agroaomists for a long time. ibre soll fertility
!.westig&&ima bave been conductsd on phesphorus thaa on
any otheor elcment, yet characterisation and assossmeant of
i1ts availability has not been fully possible.

Phosphatic fertiliger either water soludle or citrate
soluble, whon applisd to aeld goils undergo transformations
depending upon the nature and condition of soil. It ig
reeognised that only a s=all perceantage of added P 45
absorbed by the plant and the rest is retainsd or fixed
in soil in various relatively imsoluble forme

agcording to (Seatz and Stanberry,1963) various
phosphate compounds ia soil may change due to envirommental
eondition under which the soil is maintained. Tho nature of
fortilizer 'P* added and the type of soil eanvironment
adjacent to the fertllizer particle detormine the nature of
reaction predusts formed in tho seil which in turn serve
as notontial soures of *PY gupilabllity with pagsage
time »

Juo and Mlds (1967) in their nhosphorus transformation
stadies found that seluble *PY applied %o aecld sofls
44sselved during the prasess of chomieal weathering,
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precipitated rapidly to form colloidal Al and Fe-P, which
erystalise 20 form hydrated compowm
and strengite vhich are much less availabls ¢to plants.

Chakravarty and Kay (1970) reported that about
30 - 508 of added 'P' was fixed in West Bengal
having pH (443 « Gel) o The AlwP; Fe«P and Ca=P greatly
incyeased and occluded Al=P increased to a lesser degree .
Ca=P wvas unaffected oxcept in soils with pH G.1B8.

According to Khanna and Mahajan (1971) ia
aeid soils added *P' was transformed in ¢o Al-P (47 to 73%
at DH 4e7 and 17 to 347 at PR Ge6 )e

~ Gupta and Noyar (1972) found that transformation

of imorganic P under field molsture capaeity and waterlogged .
condition vesulted in a decrease in reductant soluble P |
and residual P amd an inoreasc in Ca=P and Fo-P vith time.
The ampuat of Al-P deereased under fleld molsture econd!

Mandal and Chatterjee (1972) W&s& that
the added *P' remaining in equilibrium solution declined
sharply depending on lsaser Fo=oxide and mative iwon
phosphate gontent of the soil. They also found that soils
having highor Bray's-I extrastable P exporicnced greatey
transformation in to A-P, Transformation of added P to
Fo=P and Al-P was directly related to total inorganic P
alveady msest in the soil.
Mandal and Than (1972) showed that within 15 days
re than @ﬁ% of the 'P? added as
rarted to unavallable form.
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Yandal and Ehan (1977) found that 857 of the
amount of applied phosphate wvas fixzed as Al-P, PFe«P and
Ca=P after harvest of rice crope '

Mandal and Khan (1975) found that repeated cycling
of altornate waterlogged and saturated moisture coaditien
lovered the Bray's~l 'P', These alternate moisture regize
ereatad condition for formation and accumulation of |
hydroxides of Fe and Al, vhiech have high P fixing capacitys

Saranguath, Shinde amd Patnaik (1977) carried
experiments vith P°C tagged Ca (HyP0,)gy Ca (HPO,) and
Caqg(P0,)s and found that in application of these sources to
moist serobic acid sells g considerable proportion of applied
P even from dicalelum phosphate and tricaleium phosphate
wore eonverted to Al-P and/or Fe~P dus o gradual dissaeaanm
of the H' ion in the system.

Biddappa and Porar (1978) vorkiangon laterite goils
undey differont moisture lovels yeported that application
of phﬁsmatic farms.mm— inereased Al and Fe-P fractions
upto G0 days, but doeroased the same subsoquently.

Prabhudesal and Kadvekar (1984) studied phosphate
roeaction products formad after application of different
carrviers of fortilizer P in latoritic soil and feund that

ono-ammoniun phosphate in the seil yielded
aklte and wariselte while moans-calolunm
@mpaam mve rige to brushite, monotite, vaviselte and
overite. Fa'* and 131“’ were founl to be dominant eations
involved ia phosphate fizatien partiedlarly in aeld sells,




- Tm-

DISSOLUTION OF ROCK PHOSPHATE AWD AVAILABILITY OP
! ORUS TN _ACID SOILS o

SRPHOR

24

3

Rock phosphate is the p?imary source of phosphorus
in the mineral apatite which is present in the form of
finely divided fluovapatite, hydroxy apatite,y chloroapatite,
Iron and Aluminium phosphates and phosphates in ecmbination
wvith clay. It may also be present in the form of simple
goluble compounds in imorganie combingtions.

(Olsen 1975, Chaveri and Blaek 1978) opined that
erop rosponse to phosphate roek application is strongly
dependent upon the rate of dissolution of the phosphate
rock in soil.

Ehasuneh aad Doll (1973) found 3 major factors
influcneing *P' gvailability from phosphate rocke.

1) Inhevent differences among phosPhate reck
sourees ‘

11) Soil properties
111) Variation among evops in their ability to
utiliso 'P* fyom phosphate rocks.
There 18 a geuneral agrecment (¥lis gt al. 1965,
Graham 1965) that s0il asidity hns a marked influenee on
the availability of 'P' from rock phosphatie, the availabi=
11ty incroases as the pH is lowereds Rock phesphats is

~ Cag (m&)g@m* | %%2*3@5”*
Oneay t{zmg tons forned, tholr fate pond 1

anvironments.
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fise and Jackson (1260) have stressed the importance
of pH in the formation of Al and Fe-phésphate as opposed
to Ca-phtisphate, the formey being the main product in
agid soils. |

Chu, ‘oschler and Thomas (1962) studying several
acid soils of Virginla peported that Al and Fe fractions
decreased with inereasing pHe. The relationship between pH
and Al-pHosphate was esseatially the same for all soils
studied, vhereas the amount of Fe-phosphate formed varied
both with pH and seil f£ree Fo contonte. From these
relationships it appears that s@ﬁs vhich respond well to
rock phosphate application are those vith low pH and
ralatively lov free Fo contents

Several authors (Lohr and Ye (lellan 1972,
Olsen 1975, Chien and Black 1976, Chiea 1977) opimed that
the reactivity of phosphate rogks mtilised for dirset
application varies with mineral composition and the
solubility of 'P' in s phosphate rock source ean be used
as an index of 1ts veactivity.

Chien and Wammend ( 1978 ) studied the reactivity
of phosphate rocks and suggested that factors such as ¢

1) Calelte &@mssam of apatite solubility in

111) The toxtural offoet of apatite silieca intermixing,
ased %o be oonsidered vhon the correlastisn of
@h@@i@@i ma@mviw @g the vorious phosphate

geonenie effectivenass ave
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ILehr and MeClellan (1972) examined the important
world devosits and observed that with few oxception the
apatites vere not fluorapatite, but bolonged to serias of
carbonate apatita in whieh Po4 vas partialiy replaced by
€0, and Fy and Ca by Ha and g in the apatite structure.
They also found that eltrate soludble P of the apatite
inereased as the degrse of COy substitation for PO, in
the apatite structure inereasede

Chien ani Black (1976) and Chien (1977) found that
the substitutiea of 804 for PO, in apatite structure
decrease the free energy of neutralization in the acid
solation, resulting in an inecrease in the chemiesl
reactivity of phosphate roek, and the more the dogree of
substitution the greater the chemical reactivity of
phosphate rocke.

thien (1977) studied the dissolution of phosphate
rocks in an acid 'P' deficlent soil undey water-=logged
condition and found that the ammn&rémaa of *P! in
the soll solution equilibrated with various phosphate rocks
during ineubation varied considerably among sources and
the solubility differoncas of vagious phosphate rocks
decroased as incubation time inoroased. The *P* goncentration
in tho so0il equilibrated with phesphate rocks ®eached a
maxinus 1=3 weoks after the soil was flooded amd then
desreasods Thevre was a linecar yelationship batween the
logarithn of the maximum *P* concentration in the sofl
solution equilibvatod with phosphate voek and the degres of
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COy substitution for PU; in the apatite structure.

Bhujabal and “istry (1231) also found in @ Indian
phosphate rocks that citrate solubility of the phosphate
rock inereased as the mole raties of CO4t PO, in each
apatite increased. The solubility of phosphate roek
incunbated in an acld soil under flooded condition inereased
uptc 3rd week and deereased thereafter.

Ehaswneh and Doll (1978) found that Ca 15 one of
the product in pvhosphate rock dissolation in acid soils,
vhich is released in amount preportional to the rate of'?'
roleasad. The dissolved 'Pf undergo transformation while
Ca vemain as an exchangeable cation in soil solution,
atfecting the rate of dissolution of phosphate voeks. He
reported that phosphate roek disaclution was greater when
soil Ca levels were lov.

Chaudhury and Mishra (1980) found that the
transformation of roek phosphate in soil vas mainly related
to soil acidity and phosphate potential as those two soil
paranaters aceounted for 947 variation ia the degroe of
transformation of roek phosphate.

Anderson, Kussov and Coray (19885) stuiicd in acid
sofls, how and to what dogrce phosphato roek and sofl
characteristics influence release of *P* fron phosphate
rocks and found that relstivo agromomic effectivoness of
the phosphate yocks were directly related to thoir
substitutod GO, contont which ascounted for 71 = 84% of
the varigtion in *P* peleased.
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Ho single soil characteristics appeared
consistent and predominate influence on phosphate release.
Overlapping of sphores serving as a siank for dissolutien
products of adjacsat phosphate rock partieles deerease
dissclution rate of individual particies. Within these
sphere of iaflusnce ave contained the clements i.e.
( buffer pover, pH, solute concentration gradient) driving
dissolutions | |

initial agronomic offectiveness of most phosphate roeks
sources are lovw and inferior to that of superphosphate.
Partial acldulation is one way %o increase the agronomie
effectiveness of phosphate roeks. -

The results obtained by Melean end his eo~workers
in Ohio (Mclean and theeler 1964, Meloan and Belam 1967,
tieLean and logan 1970) indicated that finely ground partially
acidulated phosphate rook with 10-20% acidulation by H PO,
vas as good or better than eoncentrated supewphosphate in
goils with high 'P* sorption capacity.

Melaan and Whecler (1964) reported that part of the
acldity produced by the disgsolution of moncealelum phosphate
in partially acldulated phesphate roek would be neutralised
by the unacidulated vock. This not only proteets the
vatap=soluble 'P* of partially acidulatsd phesphate reck
¢ron reseting with substantisl gquantities of A1 and Fe, bat
additional *PY eould be veleased ia te the water selubloy




pool from the Peaction of acid vith unacidulated phosphate
rock partially acidulated phosphate rock produse relatively
small eoncentPation of 'PY in soil solution thereby
peducing the fization of 'P* Dy motal oxide polymor or
jmmobilization through displacement on struetural silicate.
 Chatterjoe,Cuha and Ghosh (1968) and Chatterjee,
sipcar and Ghosh (1970) found that partial acidulation of
gook phosphate with HCL or H,80, resulted in the formation
of a miztuve of wvatep~-soluble (Probably monoealefium phosphate).
c¢lteate soluble (probably dlealeium phosphate) and insoluble
phosphates, the proportion of the first tuo forms incyeases
at the espense of the triealeiun phosphate with inereasing
degree of acidulation.
| Bspedo (1983) found P uptake by rice highest
when fortilised vith roek phosphate aeidulated with Hp80,e
The 10% acidulated preduets produeced effects comparable to
‘the products of higher acidulation.

Mishra and Panda (1969) from tholr experiment ia
Phubangsvar lateritie seil found on vory aeid sells (pH 4.0)
10 and 207 ncidulated materials were goof P sourees for
corn and rigo. Whea solls were 1imed to pH 5.6 and 8«8, 50

acidulated matoriale They also suggested the use of acldulated
material with HPO, for short duration avop and RN0,
acidulation for long duration erop.
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for lateritic soils of pH around 4.5 and with g very low
eation exchange capacity. | |

Panda and Mishwa (1970) peported that aeid
lateritie soils have high £izing eapacity of *P%, whieh 1s
nore So when only water scluble 'P' gouree 1s applied.

Thoy obtained lesser fismtion of 'PY and bhetter efficiency
of rock phosphate oy partially aeidulated rock phosphate
containing a combination of water soluble, citrate soluble
and elmte inseluble souree of P o

YeLean and Logan (1870) found yleld vesponse to
P vere greater from 20% than from 100% acldulated phosphate
rock on soils of high 'P' gopption capacity.

Equal amount of water soluble 'PY ia the form of
gramlated partially acidulated phosphate roek (20% by %Pﬁ‘&)
and eoncentrated superphosphate vhon added to aeld sells,
the amownt @i’ vater extracted 'PY wvas highey in soils
troatad with PAPR (Molwuaye and Chiea 1980). They found the
relative affectiveness of PAPR highest ia oxisol vhich had
the highest eapacity te sord 'Pf ,

ghinde, Sarangmath and Pataaik (1978) vith different
yoek phosphates acidulated to various degrees elther with
HQ or M,50, and applied to a flooded P deflecient acid sofil
to rice eyop found that the behaviour of WA or H,50,
aeidulated produet in vespect af'P'avallabiiily in soll,
graia yleld yesponse and P uptale by vice was more or less
sinilar. He coneluded that 507 partlally actdulated
phosphate roek vith elther of the aclds would bo sultable
gwing riee under floeded soil conddtion.
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¥arvaha (1933) from a ﬁe&& sxperinen |
for 2 years in an acid soil pR 5.6 evaluated the suitability
of HaP0, or HIO0, a@i&lﬁaﬁ@ rock phosphate as souress of
P ia wvheat - blackgram eropping sequence. Hiz results
revealed that

1) Rav roek phosphate ( without acidulation) was of
no fertilizer wvalus.
11) Aeidulation at all the levels improved the effecti~
venass of rock phosphate. ‘

111) Samples aeidulated vith B0, were as effoctive as
those prepared vith H,PO, at almost all ths comparable
levels of acidulgtion. o

iv) Aeidulation of yock phosphate t0 the extent of §0F
with either of the two acids wvas as effective as super-
phosphatee.

Sood and !arwaha (1963) found ground t-m msn}
Mussoorie rock phosphate when acidulated with graded levels
of econcentrated Hi0, or diluts acid the magnitude of all
the P form oxeopt total phosphate was higher with concentrated
acid.iidch 4s due to more intensive chemienl yeactlon.

Wha; Kanway and Teipathy (1983) working
partial acidulation of mmly ground Indian Rock phosphates

1) %ﬁ wmx 'P* eontent in acidulated producta
{nereased with degres of aetdulation with 83504 ;
decraased with HW0,, Effect was highest in case of Mussoorde
pak gh@éph&gﬁo




i1) for all the roek phosphates there was a lineap

tyvpe of relaticaship of water scluble content with
increasing levels of aeidulatiaét vith Both the acids.
“ussoorie rock phosphate had the minimun quantity of vater
soluble phosphate with both the acidulants.

131) the inecrease in citrate scluble phosphate was
sonspleuously wore with H0, than with HaPO, treated and
the inerease wvas maximum in case of Mussoorie vock phosphate
with both the acids.

Marwaha (1984) found that differenses in results
from pot tests with partially acidulated phosphate rocks,
ecould be atteibuted to the differences in the form of
aeidulant, degree of aeidulation, form of acldulated phosphate
rocks ( powdered or granmlated), nature of the soil, erop
speclos used for test and tho rate of phosphate application.
Ho conaluded that for upland evops aad for solls of pH
around 55 vith high'P* fixing capacity 10=20% acldulated
yock phosphate may give optimm vield.

For soils having low 'Pt fiving ecapdeity and fopr
flooded Piee a similay vesponse may be obtained by using




41) for all the rock phosphates there was a lineay
type of relaticaship of water scluble content with
inecreasing levels of aeidalamaﬁ vith both the aeids.
Mussoorie rock phosphate had the minimun quaatity of vater
gsoluble phosphate with both the acidulants.

11i) the increase in citrate scluble phosphate was
gonspleuously more with W0, than with HaP0, treated and
the inerease vas maximum in case of Mussoorie rock phosphate
vith both the acidg.

Marwaha (1984) found that differences im results
from pot tests vith partially acidulated phosbhate roecks,
eould be attributed to the differeaces in the form of
acidulant, degree of aecldulation, form of acldulated phosphate

Salks anlated), nature of the soil, erop
specles used for test and the rate of phosphate application,
Ho concluded that for upland ewops gnd for soils of pH
around Se5 vith high'P* fixing capacity 10-20%7 acidulated
yock phosphate may give optimm yield.

For soils having low 'P' £iving capseity and for
flocded vice a similap yesponse may be obtained by using
504 acidulated vrodusts For the preparation of acldulated
pock phocphate those shoviag wost promise hovever appear to

be H,P0, and Hi0ge

getentists that rook phosphates eould hest used in aeld
seils vhere 1ts gvallabllity inereased with time



- 16 -

( Mal anﬁ Khan 1972, lMarwohs .
Mandsl and Khan (1972) and Mundal gf al (zs??)
found that the admages of applying roek phosphate a
feow days before soving short seagon crops may be owing
to its slow but steady rate of sclubilization in the sell
under the possible iaflusnce of seil solvents, vhich makes
the seil solution adequately rich in available 'P' to
meet a part of 'P' regiirement of the orop plants in the
‘inditial stage of growthe
Penda and Panda (1968) dnvestigating the direect
effeet of raw veck phosphate oa scid lateritie solls of
Opissa found that ground Usf.Re rock phosbhate of proper
fineness can offectively he used in a2eid lateritic soils
ring ricoe | o
Pands and 'Mehra (1972) working with different
sources of vock phosphates in red and latepitie sofls of
Opissa roported inerease in yield ef dry matter and uptake
of ;gmw’me@ by risc.
the vays of inereasing the @fﬁ@i@w of eitrie a&m
soluble and inscluble phosphates for riee in acid lateritie
. gotls found thnt whenm 'P' 45 to be applied at flooding and
pnddling, 1% 15 desirable %0 use vater selubdle phosphate.
siterie aeld soluble phosphate and voek phosphats ean
replace vater soluble phosphate in aeld soils, if thoy are
applied gafflctontly in advance to allow time for the seil
$o vemain in most aorobls state.
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Minhas and Rlek (1974) eoncluded that voek
phosphates were mors eeonomical than superphosphate as a
gourge of *Pt in geld soils. |

Rundal gt al. (1977), Batley g% al. (1977)
roportsd that sources with low watar solubllity perfom
better at higher than at lower rate of application. Highe
rate of application of rock phosphate give not only higher
eyop yleld and 'P* uptake but also improve the available 'Pt,
status of seil.

Gumansingh and Panda (1978) studying the effect
of Mussoorie rock phosphate on ried ia acid lateritic
s6il of Bhubonesvay found that the vield differences botween
60 Kg PyOg/ha through superphosphate and 8 90 Kg Py0./ha
through Mussorie rock phosphate vere not significant. So
dus to difference in cost dirget application of Hussoorie
pock phosphats may be proferved over superphosphato.

Raj and Van (1980) studying the P supplying
eapaclity of ISP and 3 apatitie rock phogphate for soybean
found that TSP supplied highost amount of P, btut lost
officloncy during longer in~cubation period, The rock

ta thoir original efficienctes probably
as a result of nlanee between P vraleased from fortiliser P
econvertsd into non labile form. |
gdotmikova (1980) found that 41t could bs more
beneficial to make a single hoavy application of ground reck
phosphate than more frequent application in smaller doses
@very orop overy year.




Subramanian and Manfunath (1933) studfed the
rosponse of riee to superphosphate and ‘ussoerie roc
phosphate on neutral and agld soils. &émmes to Mussoorie
rock phosphate with or without ié‘rigaﬁm was similar to
or better than the reogsponse o supevphosphate and sinece
Yussoopie rock phosphate ia the cheapest souree of 'P* its

sommended in agid soilsge

iishra, Kumar and Dwivedi (1985) in studying
the effectiveness of five Indian and one Imported (Jordan)
rock phosphates as 'P' source for vheat and ries in thyee
aeldd solls found that the order of effeetiveness as

oorie ~ Udalpur > Purulia >

RBaheja and Balas (1960) opined that in genswal
the residual effect of P deponds upon the factors, total
amount of 'P' applied, tims and frequoncy of applieation,
physienl and &eﬁ@l propertion of soil , sources of
phosphate used, weather condition and the sncceeding erep.
lotsara and Dutta (1971) reported that for all
sher residual offect

an acid soil, applying T3P, basic slag and rock phesphate
for a groundnut erop taken fer 8 succegsive yeay found
supevphosphate and basie slag produced higher yield ia
gipat year, but vesidual *P' concentration ia soll twe years
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aftter fartinsen application was greater from rock phosphate
followved by basic slag and TSP.

Marwaha gt al.(1921) in a two year ficld
experimont with vheat and malze found that finely ground
(100 mesh) Mussoorie rock phosphate was aimﬁmﬂy
inforior to superphosphats in its direct as well as residual
effeativencss vhen compared on the basis of equal P, the
efficiency of Mussoorie rock phosphate however improved
graatly at highor levels and when time of application was
advanceds The yesidual effect of Hussoopie rock phosphate
measured by yleld and total 'P! wptake on the suceceding
erop malze, however, was higher than direct effect.

Harwaha, KanwaP gnd Tripathi (1881) studled the
rasponse of 2 leguminous and 2 moa~leguminous erops to
ground Hussoorie rock phosphate alone and alongwith
superphosphate, farm yard manure, or its partial acidulation
vith HyPO, @ 108 in an aeldic sofl (pH E7)s The yleld
and 'PY uptake in all the crops excapt berscom inereased.
significantly with usseorde mx phosphate application and
the offcet of partiall, g ; phosgs
batnz highest and comparable &oaﬂaqaal dose of superw
ph@samte both on the basis of direct and residual offect
on crop yleld and *PY uptake.

Sapkay and Savker (1982) in a flcld experiment
to assess the fertilizer valus of !Mssoow
in an acid soil in term of direct effect on summer rice and
rasidual offect an kharif vice found that altheough the
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direet offect was not statistically significant the
pesidual effect as well as direct + vesidual effect taken
together as judged by grain yield and total *PY uptake
vas significant. There was practically no adventage due to
inereased fineness of Pock phosphate beyond 62 meshe It ig
suggested that in assessing the fertilizer walus of roek
phosphate its residual effect must b2 taken into aeco@t.
Debnath and Basak (1984) in a 2 year field
experiment In acid lateritie soill in rige-vheat~gresngram,
eropping found that nelither puruila rock phosphate, nor
Massoorie rock phosphate nor Tata basic slag was effectiva
in inereasing yleld and P uptake by wet land rice grown as
the first crods but greengram responded favourably,
Miussoorle rodc phosphate and basie slag vere as effective
as superphosphate.

Mapugha (1986) ia a 4 year stuly with vheat amd
oybean grown ia rotation ia a clay loam acid slffsel
found lMussoorie rock phosphate to be an efficient phesphate
earrier. A single heavy dose of application through Mussoorie
rock phosphate once in 3 or 4 years to thoe first crop of
the potation was found o be superior to frequent application
yith smller doses when adjudged ia te¥ms of relative
agrononde effectivencss and total 'P' uptake. Residual
effect of rock phosphate was greater than superphosphate

The avmame i torature reviewed, clearly
gndteate that pock phosphates are potential phosphate



- 2] -

carriers for direet application in aeid soils, and sinace
they have direct effeet on the first erop banﬂ residual
effect on the suceceeding crops, their application in aeid
soils are advisable for phosphorus economye.

Various extractants have been recommended to
measure the available 'F' status of soil. Many workers
have investigated to find a suitable method for the purpose
and have sugsested differont extractants to be used in
differént, conditions but an extractant is suitable when the
soil test value well eorrelate with the yleld and uptake of
autrient by the crope.

In most of the soil testing laboratories Bray‘'s-Il
method is recommended for aeid soils and Olsen's method
for neutral and allmline soils. It is true that none of the
chemical methods 1s sultable for all type of sells.

Bray's=I and Kurtz (1945) developed two
_ extracting solution containing HCL and WHF. The strong
golution eontained 0.1 HC1 and 0.03W WH,F uhieh is Bray's-2
extractant and 0,0268 HCl and 0.03N NH,F imown as Bray's-I

extractant.

Olsen gt 3l«(1954) peported that 0.8 NaHCO, at
pH 8.5 has been found to be an important and useful method
for measuring available soil phosphorus.

Ghosh (1965) veported Olsen and Bray's~I method
to bs superior over othor metheds in acid laterite soils

of Orisga.



-2] -

carriers for direct application in aeid soils, and siace
they have direct offect on the first erop ;and residuagl
effect on the sueceeding crops, their application in acid
soils are advisable for phosphorus economy.

Various extractants have been recommended to
measure the availlable 'P* status of soil. Many workers
have investigated to find a sultable methed for the purpose
and have suggested differont extractants te be used in
differéne_ conditions but an extractant is suitable when the
soil test value well eorrelate with the yleld and uptake of
autrient by the crope.

In most of the soil testing laboratories Bray‘'s~I
method is recommended for aecid soils and Olsen's method
for neutral and allnline soils. It is true that none of the
ehemical methods is suitable for all type of solls.

Bray's~I and Kurtz (1945) developed two
extracting solution containing HCl and NH,F. The stréng
golution eontained 0.1N HCl and 0.03W NJH&F which 13 Brayt's-2
extractant and 0,025N HCl and 0.03N NH,P lmown as Bray's-I
extractant.

Olsen gt 3l«(1954) reported that 0.5 HaHCO, at
pH 8.5 has been found to be an important and useful method
for measuring available soil phosphoruss

Ghosh (1965) reported Olsen and Byay's~I methed
to be superior over other methods in acld laterite soils

of Orissa.



° Panda and Misheva (1970) worldng on utilisation of
rosk phosphate in acid laterite soils of Orissa reported
that Glse a's extractant is highly suitable over othey
nethods for acid soils. .

asminavasinghan and Frishnamoorthy (1973) found
Bray's=1 extractant for red aad black seil, Olsen and
Bray's«l extractant for alluvial soils are suitable for
extyracting available P! fopr paddye.
Ramamoorthy and Hasan (1979) reported that Olsen’s
*P! gave higher correlatica with yield of paddy ant mot
velated to *A' value and Bray's-I gave significant correla-
tion with yield of wheat. |

Dhilon gt al. (1979) found that Bray's~I gave ‘
positive and highly signifieant correlation with yield and
uptake parameter of riece and m& than ether sathods.

Holford (1980 b) found that with inereasfing soil *P
buffer capacity there is corresponding decrease in the
proportion of lablle *P* taken up by plants. He suggested
that a satisfactory extractant ghould also oxtract a portion
of labile 'P'y and reported that Bray's-I overcompensato for
goil *P* buffer capacity in soil with lov pil.

Sharma and Zhumbla (1980) found in soils varying in
PH 449 = 7.4, P axtracted by the Bray'sI and Olsen's
mem was equally suitable for estimation of avallable *Pt
in thege soils. Hovever,; they observed ian interdependence
of pi, organic matter conteat aad olay content and their
effects on the extraction of available *P1,
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*  Panda and Mishra (1970) vorking on utilisation of
roek phosphate in acld laterite soils of Orissa reportsd
that Olse a's extractant is highly suitable over othoy
methods for asid soils, .

axminavasingham and Erishnameorthy (1978) found
Bray's~1 extractant for red and black soil, Olsen and
Bray's~I extractant for alluvial soils are suitable for
extracting available 'P* for paddy.

thy and Hasan (1979) peported that Olsen'®s

tP? gayo higher correlation with yield of paddy and mot
related to 'A' value and Bray's~I gave signifieant correla-
tlon with yield of wheat. |

Dhilon gt al. (1979) found that Bray's-I gave
positive and highly signifiecant correlation with yield and
uptake parameter of riee and vheat than other matheds.

Holford (1980 b) found that with increafing sofl *P*
busfer capacity there is corresponding decrease in the
proportion of labile *P* taken up by plaantse He suggested
that a satisfactory extractant should also extract a portion
of lablle 'P'y and veported that Bray's~I overcompensate for
goil *P' buffer capacity ia soil with low pH.

sharma and Zhumbla (1980) found in soils varying in
Pl 4.9 = 744, P oxtracted by the Bray'sel and Olsen's
mem was equally suitable for catimation of available 'P*
in these soils. However, they observed ian interdepandence
of pll, organic matter content and clay centent and their
effeets on the extractien of avallable 'Pt.
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Biddapa gt al.(1281) reported high corrclation of
Olsen’s available 'P* with differeant inorganie fractions
and prpoposed Olgen's soil test method t¢ be reliable for
avaluation of P! magquirement of »iee in fioccded solls.

Yost and Famprath (1992) comparing different
extractants for soll °*P' Pound that double aecid overestimatad
available 'P* vhere rock phosphate had been applicd and
that 'Pt availabllity was botter assessed by 0.5 NaHCO4
and Bray's-1 methods '

. Ghapma and Teipathi (1984) ia a stuly on the
indices of P! gvailability in some Himalayan acid sells
found that Olsean's oxtractant pamoy
the Al-P fraction followed by Ca~P fraction. Bray's
procadure derived mainly from Al-P followed by Fe~P and
Ca=P in almest equal proportion.

lackay and Syer's (1934) found ths better
predietive abllity of the Bray's tost with soil reeeiving
phosphate vock apnear to result fyom the abllity of the
progedure to oxtract both unreaetad phosphate rvock vhich 1g
1ikely to dlssolve in the shopt term and absoybed *Pt,
Poor initial performance of mm*s procedure vas found.
go in situations vhore unreacted phosphate reck contributed
signifieantly to plant avallable 'P' in the soll e.g.
where phosphate rock applied amumally the Dray's procedure
appears to be the most effective sofll testing procedure.
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MATERIALS AND METHODS

Two triagls f.0. Prial~By and Mal-Bz wore conducted
in the 'D* block of the Central Research station of the
Orissa Univer sity of Agpiculture & Technology bana
vhich 1ies betueen longitude of 26°48°'E and &“@'ﬁ and the
Jatitude 20%16°% and 20°17'W . e anrmal rainfsll of the
area is avound 1500 am.

The trials vere condueted in medium lande The sofl
is lateritic classified as FHaplaquents. The experiments
were desigasd to study the dircet and raesidual affect of the
various phosphatic feptiliser matorials derived from the
partial acidulation of Vmssoorie roek phosphate, for Riee
based eropping systems. The oxperiments were carrled out

in the same fields for two scasens 1.0. Lhawlf and summer
goagon of the year 198488,

Ia those two Md ﬁ&als the main phosphate
Fssoerie prock phosphate and the othor
gouress were the modified products derived from the partial
aeidulation of tho Mussooric rock phosphate. Triple super-
phosphate was talen as tho atandard nhosphatie feptiliser




b
2
3.

4o

G
P
B
B.

i0.

Triple superphc

PR (Mussoorie phosphate rocke=fincly ground).

PReC (ilussoorie phosphate rogieconeentrateds

£inely ground)

IFDG-301 (Massooric Phe Mnigranulated with 8.1%9
H,50, bindor)

IFDC=400 (Mussooric PRe !Minigranulated with 7.73
HaPO, binder)

Ima-@s (Mussooric PR« partialiy aeidnlateé wvith 408
ﬁasoéo granulated)

IFDG=02 (Massooric partially acidulated with 509
HsPO&!' gramilated )

IFD0-810 (Massoorie PR- concentrated asidulated with
807 H,80,~ Gramulated)

IFDC-812 (Musscorie PR concentrated =Partially
acidulated with 808 HaPO,~ Granulated)

IFD0=813 (tusscorie PR- mmmm Partially
acidulated with 253 BgPOy- Gramalated)

irDe=818 (Mucsooriec PRe Partlally acldulated with
258 HaPO g Gramlated)

18P B

the eherlcal compesition of the material have beon
prosented in Tablo=l .



Chemical composition of !ussoorie Fook phosphate and modified
| partially acidulated products .

e

{ Sxpressed im whe $ ) -
sourees | Mtal § BeS. | CeBe 1 020 § F 1 80, § B0
¢ T2% i P2% i P20 L j | § | g
1.MPR 18 0.2 0u7 4Ll 2.6 - -
2,IFDG-301  16s2 046 0.8 363 17 7.0 0.1
3.IFD0-400 238  led  Ge3 0.8 1.8 - 0.3

4.IFDO=G05 181 348  1a7 2318 1.0  26.8 2.1
5. IFDO=702 32,3 1408 47 Ble2 1.6 =« 0.4
B.IFDG-SI0 1842 5.0 1.0 323 1.1l 0.7 3.3
P IFDCB1Z 36e3 20,0 15 38.4 1P 0« 1.5
S,IFD0S1IS 328 78 4,3 40,0 23 2« 0.7
D.IIDCeT1G  26+5  3s6  Bel 338 1.7 0« 1.4

H.Bt» All the materials and analytical data have been
provided by PPCL. |
Triploe suporphosphate taken as tho standard
phosphatice fertiliser for mﬁgm eontalng
Total Py0g(467%), Ue8e P,0;(99.07 of total Py0.),
o8 Py0g (0,97 of total Py05)s Avallable P,05(98.9% of
total ipaﬁs). S
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TRIAL *Bl

The experiment was designed %o evaluate the dirget and
residual offect of the phosphatie fertilizer magerials
derived from the partial asidulation of Massoorie voek
phosphate for a Rige-(reongran eropping systeme The- trial
wvas condueted in a moderately scid s0il of pH 5.8 and of
clay leanm texturc. Initially composs “
collected from different locations of the field for
gharacterisation of the sofl. ( Details of soil characterd~

sties on M@r - IV )a

For evaluation of the direct effoet of the
partially acidulated Mussoorie rock phosphate profuets,
ries ocrop vas taken in the kharif season of the yemr 1984.
High yleld ng paddy variety Pratap (OR131~3«1) of duration
125 days was Grouns

The details of the phosphate treatments of the
experiment are as £01loug. |

x, 405 Pﬁﬁsﬁm through 8P »
2, 806 Pplgfha & "

% 3N @ JThe o L »
Ty 5’ ha o
Ts




%’m Wﬂ@i IPDC-702 .
gasfﬁ& " - n .

408 Pgosl ha Wﬂﬂgh IFDO-812.
%15 805 Pzesim o s .
?1@ 1208 Pgﬁs/gg ) " .
40ig Py0g/ha through -
805 Py0/ha through IFDO-813 .
120f P,0/ha through IFDC-813.
20 908 Py0q/hn through IFDC-816
o0 Pogbe  t

godlings of tho rice variety Pratap vore
splanted on m@..m. With a spaciag of 15cm % 1S5 en
gving 3~4 seodlings/hill.
@y all the W&Wﬂm Wirogen was &MM B 7850/ :
amendun sulphate ia 3 gplits 1.0. m% basal at £imal puddling
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Fbﬁa@msamﬁaﬁ@@ﬁgﬂg&’h&asmwof Potash
in 2 splits f.0. at the time of final puddiing and 10 days
bofore panicle initiation. Tormal plant proteetion measures

wore takon.

Two adjacent hills from each of the 2 vows (leaving
the 2 border rows) were colieeted at paniele inmitiation
stage and dried under sm and then inside oven at 70°C and
preservede |
oYop was harvested oa 16.11.84. Het area
harvested 2.1 x 3 « Crop was threshed and grain yields of
4ndividual subeplots wore rocoxded.

Surface soil samples were etllected afier harvest of
mw;wmﬁasmsm@a@asmmmwm sample
tube »

m.w.aﬁ{m -m- Gmm)

. For m evalnation of the vesidual offects of the
. pmmggg fortiliser matorials applisd in the Mﬁ‘ sesson
angran was taken in

The mﬁsmammgﬁ‘&@ﬁwfmwaﬁadepm
of 2.6 to Sea @ 250/hae. To facilitate gormimation wator was

sprinlded.



u_ﬁos

Excenrt phosphatic fortilizews, Witrogen @ 20i/ha
Caleium Armonium Mitvate and K,0 @ 20%k/ha as Murlate of
Potash were applied as basel ia the furrows before sowing.
The erop was lrrigated onces aefter 40 days of Maaﬁaa
in the flowering stage.

Sampling |

Planﬁ samples were wllwt@a m 2 ravs (leaving
the border vrouw) 0.5M seotiens fyon eaeh 7oV wore sampled
by uprooting the plants. The plant samples were ﬁmt
drled under the sm and then in the Ovea at 70°C.

The erop was harvested vithin the pericd,28,85.85
£0 3.GoB8. Wot area harvested was 34 x 2. The dry pods
vere picked and threshed for recording of yleld.

Aftor harvest of the ozop swrface soil samples
were colleeted by taking 8 cores from cach subplot by sell
sample tnba.

TRIAL By

Tho merimant was doosliznsd m evaluate the divect
and pesidual effect of Ifusgeorie yoek phosphate applied
eithor as such or after partial aetdulation for a Rise-
Groundnut cropplag cysteme The trdal was conducted in an
aeid soil having pE 5e2 and of silty loam taxture. Initially
omposits soll samples were collected from d@ifferent
jocations of the fisld for charad erisation of the sodl.

chazastoristios on Chapter=IV),




Bynarinental progedupa .

For evaluation of the direet effsoet of the various
phosphatic fertilizer materials derived from Mussoorie roelk
phosphate Rlee was Staken in the Hhay
19284,

if season of the year

High yloldiag paddy varioty Pratap was grown. The
details of the phosphate treatmeats of the expe

b

i’: 405 Pgﬁslha applied th A .
% B0k Podg/ba  © e
Ty 1208 PO/ @ » .
T, 408 Pgosiba applicd through WP

Tg 80k PoOgfha ¢ b -
T, 1205 Pp0z/ha ® " .
T 40 PO /ha applied through MPR-C.
% i L S
%o 120% P,0-/ha  * " .
T2

43

Ta

Bia

T8

80% PO fha  ® "
1200z ?a%aa “ L]
405 ?ggﬂﬂ'm wplicd through IR
80%; P02 ® »
1201 %@W o "




' mndomisad conple

4% Py0,/ta applied through IFDO-GO5.
80R; Péps/ha -r- o .
1205 P,0./ha ® o .
T20 40% P,0./ha applied through IFDC-816.
Tal 80% Paﬂs/ha a ) .
Tog 1201 Paﬁs-/ha o o .
a3 40% P,0g/ha applied through IFDC-702,
Tas 80 PO /ha ™ " .
To5 120fg P0g/ha n " .

‘Deglen $-

- A1 the 25 treatments were allocated in a
lock design having gross subplot sige
41 % 34 and replicated thriec.

wore transplanted on 10.8484. Other cultural practices and
eollaotion of plant and soll camples ave same as ia ease of

|mmaltmm~mee). Fhe orop vas harvested on 9.11.84.
Grop was threshed and grain yields of individual subplots

;\.‘.’-:P_-, ’? 3 I \“ :'A-, ’3

e Swit

£

Ewaluyation of Bosidunl aiigal
Poy the evaluation of the vesidual effect of the
phosphatic fertilizer natepdale anplied 4n kharif soason to

the plec oroDy & second orop Groundnut was taken in the
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sunmney season in the same suliplots in the same design as
in khavrif season. Groundnut variety AE-12-24 was taken.

The gromdmt kevnols Vers Sowa on 5.3.85 @ 36k/ha

acing of 20 ems x 20 oms. .

Except phosphatie fertilisors, Wtrogen @ 200
as Caleiun Amonium Hitrate and K,0 @ 40%/ha has Huriate of
Potash wore applied as basal in furrous before sowing.

Germingtion was faeilitated by giving a light
irrigation after soving. The erep was irrigated thvice duping
‘the growth periad.

Pour plants wers collected frem 2 rows (leavng the
vordey yows)whon the plants were about 45 days oldy drded
uader sun and then in the Oven at 70°C,

Tho erop vags harvosted on28.6.85, with a net area of
narvast 14 x 14 The ped yields were rocordods

Five core surface samplas were collected from each

1 sampling tubs, fellowing harvest of the orop.

(1)

" e molsture parcentage and vater holding capasity
108 as dessribod by Plper (1950).
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mmmammaefmmmsamwm

The pH of 1:1 sollgiwater and seils 0,011 Ga&z
suspenSions wore measured by using Digital pH meter.
The cation oxchange capacity was determined

me thod (3934).

Exchange acidity vas determined by leaching the soil
with 10 KC1 and titrating the leachats with standawrd
as deseribed by Helean,1965). Emchangeable Al was determined
by adding HaP and back titrating with standard HOL. Exehange
abls I° was caleulated from @iffercnce
aeidity and exchangealle Al.
goil sample vith 4=5g, WagCO, by mesans of a platinum crueible
following the mothod described by Jackson (1962

Total Fa,04 from fusion extract was estimated
\alopinetrically by using sedfun salieylate by the mothod
advoeated by Seott (1941). Total 41,0, was estimated
eolorinetrically using Aluninon mothod outlined by
fobinson George (1980).

mmmmwatm@m&ewww
a1gesting the soil with 7C10, nothod of Volk and Tones(1963)
as deseribed by Jaclison

availsble *P* of goil was determined using Olsen's
fivay's~1 extractants following the proceduve doseribed by

Jaskson (1058




and the dey weights were taken.
Plants were further dried in an oven at 108°C to
facilitate grinding. The plant materials of each treatment
hopped, ground vith a mechanical grinder £itted
with 40 mess siove and stored in aluminium containers for
chomieal analysise
Plant samples of 0.5z were taken ifia 100 ml coraing
confeal flask and 15 nl of concentrated HNO, was added and
kept over night. Then it was bolled on a het plate until
, fumcs subsideds Five ml. mixture of R0+ HC1O,(3:2 yatic)
was added and boiled untll wvhite fumes aceumulate in the
flagke m mis,of 67 HCl was added folloved by 20ml of hot
distilled vater and filtored to 100 ml volumetrie flask washing
with vater and the final volume was made upto marks
Five ml.of aliquot was taken in 25 ml volumetrie
flagk and 5 c.c. of ammoniun vanadomolybdic solution was
added and kopt for 30 minutes for colour developmonts Then
volwae vas made upto 85 wl, The degree of ahsorbance vas
measured at 420 nm. wavelength ia a eolorimeter, using

standapds of 0,2,4,6 and 8 ppa.

(e)

The data obtained both from the chemie:
and from the fleld experiments wers statistically analysed
for ecorrolation eoefflcient amd analysls of vardances
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RESTLTS ARD DISCUSSION

Two trials L.0. Trial~B, and Trial«B, vere
conducted to evaluate the divect and residual effect of
various modified, partially acidulated products ef Mussoorio
poek phosphat@.

Results of the physical and chemical analyses
of tho soils of the ficids vhere the experime
condueted have beon presented in Tallew2e

S0il characteristies of the WBI

e

The mechadeal analysis shows that tho soll is

of clay loam texture with 285,267 clay. It has 33,08 vater
holding capacity. Chemical anmalysis of the soll weveals
that the soil has a lov cation exchange capacity of the
order 9.2 me/100g. The soll is moderately acidie with a

pH of 5.8 and exchange aeidity 0.1l me/100g. The soil has
1.3.35% sasqmmae with good fixing capasity 03 phosphorus.

The mochanical analysis shews that the sell is
of silty lcam texturo with 20.66% of clay. It has a wabor
helding eapacity of 30s0%. Chenicsl amlyels of the sofl
yevenls that the soil has a low cation oxchange capacity
of the ovder 72 ma/100g. The s0il 1s geldie with a pH

of 8.2 and exchange a@ﬁéiﬁy 0,15 m/100g, Rrehongeahle
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Results of Physical and Chemieal Analysis of Soils.

o]
nos

L.

Particulars of Analysis g ”

le

2
3e

e

Es

Se

Pe

8

e
10.

Mechaniesl Analysis
(a) Sand 5745
(b) sile 17.34%
(e¢) Qay 95,268

Textural Class Clay loanm
Holsture percentage 2,168

Vater holding eapacity . 334,09
{Oven dpy basis)

Cation apchange eapasity D2
( me/100g) ’

Brehange aeldity (me/100g) 0.11
(a) Bxchangeable al'** . 0,02
(b) Ezchangeable H' 0.09
Sasquioxido perceantago

(a) Total Fa,0y . 5« 2038
(b) Total Alg0y 84169
{e¢) Total %ﬁs *> &3@3 13,388
Organte carben 0,408
Total soil *P' in percentage 0.018
Avatlable soil *PY ia prm

{a) Olsen's 'P? 4«2

(b) Brayla~l P+ 3.0 y

79

0.15
0.05
0.10

4,908

9.25%
14159

0.61%
0,021

8.0
4.5
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Rasnlts of Physical and Cheomieanl Analysis of Soils.

;‘6: § Particulars of Analysis 3& _» ‘~,, =

1.
5745 8449
() sile 17.34% 25,445
Be Taxtural Class Aay lcan §il¢y loanm
3 JYoisture percentage 2,164 2,08
b Yater holding capacity . 83,09 3900%
(Oven 4wy basis)
Be @Rw 5.8 S2
pK S €24 . 4e7
Be Gation emchange capacity 0.2 749
( me/100g) |
e gxehange acidity (me/100g) 0.11 0.15
(a) EBxchangeable A1*** 0,02 0,05
| (b’ Brehs an., B* 0.08 0.10
B, Sesquioxide porcantage
{a) Total %203 , 8208 4,908
(b) Total Aly0s 84168 9.26%
{e) Total ma% » &aﬁa 13.35% 14158
9.  Organic carbon 0,408 0.61%

10.  ‘Total soil 'P* in percentage  0.018 0.021
i1.  Avatlable sofl PV ia pm

{a) Olsonfs *P? 4,8 540

(b) Brayta-l Pt 2,9 4.5




also econtribute a lot towards gsoll acidity in this soil.
The soil has 14,153 sesquioxide with good fizing capaeity
of phosphorus. Available phosphorus status of this‘ soil is
of low level and opganic carbon content is of medium lovel.

FIELD EXPERDMENT -~ TRIAL By { miaptgentce)

m@ammmmwﬁ‘mmntastmym
direet effect of the different phosphatie matapials taking

.L ._;'Av

The yiem of grain obtained from individual subplots
have been converted to yield per hootare and the mean grailn
vield in q/ha have been presented in Tatle~3 .

From the table it may be elearly noted that an
average vield of 31.8 ¢/ha was obtained from the contwol
plot vhereas the highest mean ylold was of the onder of
39,9 g/hae in case of treatment vhich weceived IFDC-702

phosphatie fortilizer matorfal, This is about 257 higher than
the control and 47 higher than the plot vhich received
“4¢riple supervhosphate.
Analysis of variance showed that the yleld difference
due to various tveatments were significant. There was highly
ance between the ctntrol and the rest.

wag not sigaiﬁma » there was sis&ﬁeaas dufmea
. betwoen the &Mﬁmanﬁ levals of the phosphatie fartilizer
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Jable=3

Memgrainyisl&of maeinq/&aasaffmébymm
and soures of gmspim

'P’I:EVELS(PG inmfﬁm)

*P* souvces @ } 80 g HEAR
- - 31.8
- 387 37,7 38,3
- 358 423 392
- 3.8 4146 39.9
- 38.6 06 28.8
- B.7 32,3 82.8
- 333 B3 377
- 36,7 32.9 33.1
MEAN 81,8 374 38,9 9.9 37.8
'FY test  S.B.(m) C.(0,08)
Troatnents stg” 1e42 245
Gontrol va.rest  Sig* 1.44 2.8
+p* lovels s1g*" 0,53 L4
'PY goures HeSe |
sp* gouree x 'P* WaSs

..

ok Significant at 1% level,

e Be= Hot significant.

—_

' Significant at 5% lovel.

s ]



- 40 =

The sesults showed that definitely theve was
ineroase in yield over control due to application of various
vhosphatiec fertiliser materials derived from partial aeidulg-
tion of lussooriz wveck phosphate.

Bventhough there was no signifieant differsnce in
vield due to various sources, IFD(=-702 (50% acidulation
with H,P0,) proved to be a better source giving the highest
grain yield. iishra and Panda (1969) also found that 80%
aeidulated materials with N PO, performed better than lower

lateritie soils having pH 8.6 and GebB &

nigher lovels of applieation of phosphatic
fortilizer materials inereased the grain yleld significantly.
Houwsver, 201 and 120 2 levels were statistieally at par.
rffect of phes
From tho percentage of 'P! in plaants and the mm' _
dry matter yicld at panicle inftiation stage the total
uptakte of 'P* at Pul. stage was found out. The mean uptake
of 'P* by viee plant as affeoted by various phosphorus
troatments have been presentod in Table=d. |

snalysis of varienee shoved that as rogards
uptake of phegphorus there was no signifisant diffevence
botwoen varions treatments of phogphate sourees. But there
was significant diffevence botwcen control vse yest and the
various levels of phosphate application.

ﬂ’ egl

phate treatments on the uptake of phosphorus

g B

5 X SR L




Mean Uptake of 'P' by rice in Kg/ha at P.I. stage as affected
by dose and source of phosphate. "

g *P* LEVELS (B0, in Kg/ha.)

Pt SOURCES i .9 3 40 Lﬁa@ i | m, MEAN
Control De4 - - - 9.4
TSP - 10.7  10.8 11.4 110
IFDC-G05 e 108 Il 113 101
IFDC~702 - 11.4 11.8 12.8 12,0
IFDC-810 - 10,1 117 11.2 11,0
IFDC-812 - 10,2  12.5 128 11.8
IFDC-813 ; - 10.4 10,8  11l.4  10.8
IrDC~816 - 1.3 1.3  1l4 118
MEAN 9.4 10,7 114 118  11.0

Treatments NeSa |
Control vs.rest 81ge" 0,76 1.5
1Pt gouree N 8¢

tpt lovels sig® 0.28 0.8

3Pt gource x 'P! laovel WeSe

¢ Significant at 54 lovel.
Ne8e = lot sipgnificant.
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This result showed that defimttely there is more:
uptake of 'P' at Pel. stage due to application of various
phosphatie fertilizgers, over that of control. Zvanthough
thore 1s ae significant difforances between difforont Pt
sourees, highest amount of *P?' uptake was from the
troatzment that veceived IFDC-702 moterial. This is about
274 higher than the contrel and 9 ¢ higher than the
giot vhieh roecoived ™iple superphosphats.

| Ineveasc in the levels of application of phosphatic
fertiligser materials incpeased the total uptale of 'Pt
at P.I. stage significantly.

Bffect of phosphate treatments on the avallagble 'P' gtatus
M | , .

. e available soil phospherus vas extracted both
thod aféor harvest of the evop.
Ve age Olson's *PY gtatus of soll after harvest
of the wice e¢rop have been prosented ia Talle Se

Analysis of varlance shoved that there was
significant differencos between different troatments,
sontrol vs. rest, different phosphatie fertiliser sources
and various lovels of phosphatie fertiliser application.

Phis is quite iadleative that different phosphatie
gaptilizer materials helped ia bullding up of the phosphate

;;,s,. i1 over @mﬁ of control.

Amsngst various phosphato sources IFDC-702 (80g
acidulated with gg?mé) also provad t0 be a batter seures in
building up of the 'P' level in sell followed by IFD0-816
(258 acidulated with H,P0,). The dvy matter yleld and uptake
of phosphosns as measured at vanicle indtlatien stage we
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Zable~5

Moan avallable Olsen®s 'P* of so0il in ppm as affected by
dose and souree of phosphate.

T *P* LEVELS (P,0. in Kg/ha)

'PY sources 0‘“-; | 40 g 80 jL 120 ﬁm
34 - - - 3.4
- 4.6 - 5.3 Ge3 Bed
- 4,9 5.9 Ge? 8.9
- Sed 5.8 9.0 Ge7
- 443 8.9 646 5.3
- 4.3 5.8 7ol 5.7
- 4ed 540 5e® a1
- 448 5e9 8.3 8.2

B AT 3.4 4.6 8.5 72 55

- g SeBe(m)  GaDe(0.05)

Freatuents s1** 0.40 el

Gontrol vs.rest sig® .42 0.8

*Pt gourees 51;3‘* : . 0n22 06

tpr Lovels sig”” 0.16 0.4

1P? gource ¥ Plovel Hels

] gRiEiean t at m 1‘“@1
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highest with the treatuent recelving IFD0=-702 source was
possible beeause this material has a gomblingtion of watey
goluble, citvate solublo and eitrate insoluble sources
of phosphorus. Yator soluble sourse was used by the plant
'as a starter phosphato whercas the citrate insoluble
source was released slovly, dus o inherent acidity of the
soil, The Olsen’s P as éasmﬁ after hapvest was also
highest uader this treatment beecaunse fization of water—
goiuble phosphorus vas minimum. The acidity ereated by the
transformation of waterscluble 'P* to CaHFD, ani HyPO,
14 help in the dissolution of the unveaeted rock phosnhate.
This vesult 1s in confirmity with the result of MelLean
and theeler (1964)e
nerease in the level of application of phosphatie
gertiliser sources incveased the available 'P! status of
goil signifieaatly. Thls pesult corroborated with the
prosults of Hundal g& g1 (1977) anmd Balley gt al.(1977).
The available Prayis«] *P* status of ol have been
prosanted in Table=Ge Amalysis of vavianse showed
shore was no significant differenss belwean eontrol vs. pest
but there vas significant difference between various
tpoatmonts. 'PY sourges and 'P* loveis. In this alse
IFDo=702 gource proved te be best seurce and inecreas
1evel of application of phosphate incyeassd the 'P! status
of soil significantly.




Yean available Bray's=I 'P? of soil in as affocted
dose and souree of ptwmham ° by

PY Lovels P, "5 in Kg/ha)

| {
Control 38 » - - 38
P8P - 3.6 442 47 4.2
IFDO~G05 - 2a7 0 3468 4e8 37
Imﬁ"m - ' S « 3.9 ?O? 4:9'
IFD0=810 - 2.9 . 25 4.8 3.7
IFDC~-312 - 344 8,7 44 3.8
1IFDC~S13 - 3.0 3.3 el 35
IFDC=516 - 3.3 40 69 4.7
AN 2.5 3.2 3.7 5.3 4.0
"E' test
atg”"
il S
gﬁg“ _ - 0.28 0.7
tpPY lavels M*Q 0.18 0.4
Dt mwi@gﬁ e Mﬂ _ 0.43 12
W

B m@xﬁaaﬂé at 1% l@veh
Vo Buw otk sipnifiazant.



(a) Available 'P? gstimated by Olsen's and Braytsel
methods after harvest of the riee crop vere significantly
and positively correlation values r = 0.706 and 0.517
rospectivaly (Figelde

Tis indieated that the graln yleld of the pico is
voyymuch influenced by the available 'P* lavel of the soil.
ﬁenee it is highly deslrable to maintain a good status of
3P* in the so0il to produce a good erop of paddy.

(b) ivailable 'PY astimated by Olsen's and Bray®sel
mothod were significantly and positively eorrelated with
the uptake of phosphorus by the erop at P.I. stage with
coofficient of correlation valusg » = 0.7 and 0,522
etively, (Fige2)e

This indicated that the uptake of phosphorus at the
P.I. stage is mueh influenced by the avallable *P* status
of soil. The *P' status of soll aaturally deponded oa the
doso of applied phosphorus and the type of the carrier
unsod.

onship betwesn uptalts of *P* amd grain
yield was vorked outs A highly signdficant and posi
eorrelation with coefficient of ecorrelation value » = 0.63)
was obtained botween the two paramaters. From the *P' uptake
valuss, one may notles that greator the avallable 'P*

gtatnas of soil greater is the uptalie and oo also the

grain yield.
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Fig.! RELATIONSHIP BETWEEN AVAILABLE-P AND GRAIN YIELD OF RICE (TRIAL-B;)
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(1) Befsmml effees @f ﬁhawnate sources on tho

The yi@ld of grain obtained from iadividual
subplots have been coaverted to yiold per hectare amd the
average grain yleld in g/ha have been proseated in Tablew7,

Results indicated that an average yield of 7.9 g/ha
was obtained from tho eontrol plots vheoreas the highest
mean yield was of tho order of 9.5 g/ha, in eass of
troatments vhich received IFBO-313 (granulatad PAPR troated

1th 255 H,P0,) and IFDO-GO6 (acidulated with 407 Hy80,),

phosphate scurcess Thove were 207 higher grain yleld in
thoso troatments as against control hut as against triple
guperphosphate the yield ineragse was of the ovder of
37 onlys

Analysis of variance showed
signifieant differense botween the eontrol
44 ofavent phogphate levels, tut differan
pasidual effect of vardous phospha

signifieants




Mean grain yield of greengran ia g/ha. as aﬁfe@aﬁ by ma&aml

affect @f tpt treatments

1FDC-GO5 - 8.9 9.7 9.9 9.5
IFDO-702 - 8.7 9.1 948 0.2
IFDO-810 - 8.9 9.2 9.2 9.3
IFDG812 e Be 9.8 9.8 9.3
- B0 D46 10,0 .5
IFDO-816 - 90 9.4 9.9 9.4
- T 78 8.8 9.4 9.9 9.2
e , -

0.48 0.9
*?* Jovels sag"” 0.18 0.5
b2 1Y

- mmm@m at 1% m«m,
gﬂ&i‘ m .‘{ | £ 4 2% o3 73
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The vesults indicated that definitely there was
increass in yield over control due ¢o the residual effect
of various phosphatic fertilissr materials.

Evea~though there was no gignificaant difference
amongst various Resouvees, IFDC-313 and IFDC=-G605 souwrces
proved as bettor sources. Partlal aeidulation elther with
gg% PO, or 407 .80, ylelded the same result in resveet
of grain yield as far as pesidual effects arc econcerned.

A vartially acidulated inseluble phosphatie soures 1ikes
rock phosphate when reacts with the soil for a longer
perled is able to show its leng range effeet vefleeting in
the grain yleld. Highor levels of application of all
phosphate sourees in khavif soasen incereased the grain yleld
of sumner ewop signifieantly dus to thelr vesidual effects.
™is result corroborated with the vesgnult of Debuaath and
Bagak (1984)s Truwiiin vl

(11) Wtam @Q P aﬁ w stag@ as affee%ﬂ by

The to%al ze:e of PV wmg ealeazama from the P

econcentration and the total dry mattor yleld at preblooming
8 tage and have been prosented In Table-8.
nowod that with respeet to 10
uptake residumal effeet of various gourees wus not signifieant,
but sienificant difference was found batwsen the trea
and the various levals of phosphate applicatien.

- howed that \gm tPt yptale 1S mowe




Mean uptake af Pt by

y ge an in Xg/ha at pref
sta@ as affected w maiaua;l mﬁ‘eet of Pt mﬁmts.

"P* sources
Control 16 - - - 1.6
- 1.7 - 2,0 2.0 1.2
- 19 .2 2.2 2.0
IFDC-702 o 16 1.8 2.8 1.2
1FDG-810 - L6 . 18 2.3 1.9
- 1.8 1.9 2.2 1.9
- L8 20 2.7 2.2
- 17 201 23 2.0
MBAR 1.6 17 1.8 2.3 1.9
stg” 0.18
TaBe
tP* Javels sig"” 0,07 6.2
1P gouvce x 'Plovel Wl

s Signiflcant at 5¢ levol.
#s Sipnifieant at 17 lewnl.




131abla 'P' otatus of soll o

The avallable 'P' status of soll estimated
by Bray's-l method have beon presented ia Table8.
Analysis of vavriance showed that thore s ne slgnifieant
difforonce betueen various 'P* sources, but there 1s
signifieant differeonces botweon the lovels of phosphate

ap@liaﬁ.

The result indisated that higher lovel of
phosphate application ¢o the main erop, also inereased
the residusl available 'P! status of soll, that iaflucnoed
the second erope
o Studles 3
Available 861l phosphorus estimated by BraytseI
mothod were significantly and positively corrolated with
the grain yleld of groengranm with coefficlent of
gorralation value P = 0.584 (Piz. 3a).
showed that the grain yleld 1s vorymuch
aflusncsd by the available P! gtatus of soil bo 4t due
to residual sffeet or immediats prior applieation.
{b) Avallable Bray'sel 'P' wore simificantly

with o soofficient of correlation value » = 0.583 (Fig.3b).
#is Indleated thet the tetal uptake
phosphorus by the erop 1s influenced by the avallable *P*

jevel of soils Tho rasidual *P* level of soil depended en




15

r | (a) = 5 T T T T T T T T T
13| V= 8.247+40.260 | (b o - |
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< | [¢] (n=22)
’E 4+ 1 i { L -
o
S i e% ® o2 ) { % 3} ~
= 9t ege . g - ° -
> : ®e <C 0°° e
E + ° - E 21 o © 9 -
< ' = 0% @
o 7{ 4 " 0® 4
(U] | o
F 1t -
S _ i 1
T [ i 1 1 1 1 1 1 1 — 1 1 i '. 1 | 1
0 2 4 6 8 10 0 2 4 6 8 10
AVAILABLE -P (ppm) AVAILABLE -P (ppm)

' Fig.3.RELATIONSHIP OF AVAILABLE SOIL-P (BRAYS) WITH (a) GRAIN YIELD OF
GREEN GRAM (b) P.UPTAKE AT PRE FLOWERING STAGE (TRIAL-B))
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the dose of applled phosphorus and the type of
carrier used for the previcus crop.

(¢) Melationship betusen the uptake of P! by
the plant at preflovering stage and grain yisld was
vorked out. A highly significant positive correlation
vith coeffieient of correlation value r = 0.823 was
obtained between the above twe parameters.

It indicated that the grain yield is verymuch
influenced by the total *P* uptake of the plant.

PIELD EXPRRIMEMLY TRIAL~B, (Kharif=Rieo)

Dﬁmct effect of pbosphaﬁe SOurees ware compared
arphosphate taking

The yzalﬁ of grain obtained frem iadividual
subplote have boen converted £o yleld por hoctare and the
average grain yield in g/ha from different phosphate
treatnents have been presented in Table«J.

From the table 1t may be noted that aa average yleld
of 26.8 g/ha was obtalned from the control plot whereas
the highest mean yiold was of the order 31«4 g/ha« in case
of troatuent which recsived IFDC-P2 gourge (50% acidulation
mm%m)mmammﬁ@ﬁ@l%m@M@Bmmm
tment whieh recsived teiple




Jahlex9

Hean grain yield of Rice in d/ha. as affested the
sphate. w

dose aﬁé soures of pho

D¢ goureo X *?'lm WaGe

1
| | % Pt me .0 Wm) | |
- %QB
- 30.6 20.8 2847 29,7
- 082 28,3 29.9 23,1
- D448 2653 2.2 23.8
- 29.8 2el 20,3 20.4
- 274 29,9 28,9 28.4
- 265 M7 W8 28,0
- 28«1 2248 @04 9.0
- 30,2 31.6 32,3 3.4
MBAY 26,8 270 2.0 2.7  28.6
SEY toat SeBalm)
s1g™" el
Tela
—— s1g” 0.63 1a7
p¢ lovels sg 0.29 1.0

% Stenificant at 8% lovel.
se Significant at 1F level.

Hele = Tot slgnificants



due $0 various troatments are significant. There is
signifieant difference betvean the sourees and also the
vayious levels of phosphate applicd.

The vesults shoved that there is increase in ylela
over control due %o application of phosphato, and among
the various soupces IFDC702 was found to be the hest
gource’ iich was statistieally at par with triple super-
phosphate. Other souress following IFDG=702 are in the opdey
IFDC=301 = IFDC-816 = IFDG«400 = MPR = IFDC-808 = MPR-C.
In this trial alse IFDC-702 (808 acldWlated with HaPO,)
souree proved as 2 botter soures for rlics 1a acid soils.

Hovever, higher levels of phosphato application
incroased the grain yleld sigaificantly. There were hardly
any sigaificant difference in grain yield betucen 80 ami
120 Kg P0q/ha application. |

(1x) mm of Pt aﬁ P‘z. atam as aff@e%aﬁ by

From the percentage of 'PY in plants and the
total dwy matter yield at panicle initiation stage, the total
'Pt gptgke was found out. The average uptalke of *PY by vieo
plant at PeI» stage as affeeted by various %ammnw
have been preseated in Table«10.

lanee showed that there was ne

g fferent phosphate sources
in yespeet of total but there was sigaificant
difference hetween tho eentrol vi.rast and the different

lavels of applied phosphatiGe




Mean uptake of 'P! by zlco in Kg/hn at Pul. stage as
affa@w& by doss and soupee of pho spkaw‘ *

'P* LEVELS (Py05 1a M@) g
__8 .{L Lm -
.  11.0 11.6 M6  1l.4
-  10.2 1.2 1.1 10.8
w 10,9  11.6 11.0 1.2
- 10,7 10,8  10.9 10.8
- 10,8 10.9 11,3 10.9
- 10.4 10,5 11.0 i0.6
o  10.9 il.2 11.6 1.2
-  310.3 11.7 12.6 1.8

MEAN 2o 10.6 11.2 1.4 10.8

0.61 1.2
0.23 0.6

# Sianificant at 57 level.
»¢ Slonificant at 1% level.
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This result shouved that definitely thore is more
uptake of "P! at Pele stage by rice due to applicatica
of phosphatie fertilizey materials, over that of control.
Though significant difference was not found between
'PY sourees, still the P uptake was more from the treatment
that peceived IFDO-702, followsd by T5P. Increased lovels
. of phosphate application definitely increased the uptake
ef 'P* gignificantly. However,20 and 120 Kg i?geslha
aprlied did not significantly inerease the uptals of Pt

cm) Eff@@s of pmpbaﬁe traatmont on the available *pe

The avallable secu 'PY wasg demmd both by
Olsen's and Bray's+I method, after harvest of the ries
CYOD« o . o
‘e averagas *P* gtatus of soil cstimated by
Olzen's method have baen prescated in Table=ll.

Analysis of varlance shownd that difference
betueen differeat phosphate sourcss vas not sigalficant
in building up of tho *P! status of soll, but significant
difforence was found botucen variouws levels of phosphate
appli@ﬁ-

Avallable 'PY status of sell ostimated by Bray
method have boen prosentsd in Table«lil.

Analysis of varianee showed that difference

available 'P? status of seil, but sigaificant diffevence
vas found betvoen gontrel vssvest and the different levels

o¢ phosphorus application
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Zable=11

Mean available Olsen's 'P* of soil in pmm as affected )
doso and seouree of phosphate

spe mx.s (7, e m Refha)

po SOURCES 0 J 40 g 80 MEAR

Control 5+4 - Sed
- 5.9 Ge? 7:5 Ge?
- 5.3 85 a2 6.3
b 5.4 5’&9 605 509
- 58 Ge3 75 6.5
- 59 840 8.8 GeD
- 5.1 Ge6 7.6 8.4
- Se4 Ge3 Be? Ge8

MBAR Bed a5 Ge3 76  6a3

Proatucnts s1g°® 0.0

contrel vo.Past FaBa

$P* gources HeS»

Pt lgvels sig™® Ga20 0.5

'P* goureo x 'P? We Se
level

*=  gignifianat at 1% level
Hade » ot significant.



ﬁean awraﬂama My‘@d YPt of soil in ppm as affosted by

doss and souyee of phosphate

*pe L@ml (P05 1n Kg/ha)

i

tPY sources o i @J 80 L:Zﬁ

control 4.2 42
T3P - 448 525 Ge2 5.6
PR - v B2 59  6u2
MPR~C - 441 Sed  GoZ 5.2
IFDO=201 - 346 4e6 S$eB © 448

| IFDC=400 - Sel 50 547 4.9
1FDC~G05 - 403 Be5 Ge3 5.4
. IFDC-816 - 41 8.5 6ol Be2
IFDO-702 - 4,2 Sel 846 6.0
WAl 442 4e2 BeZ  Gu3 Bl

1.0

0.5
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Rasults of both the soil fest indiecated that
different phosphatie fertiliser materials helped in
building up of the P! status of soil ower that of contrel.
Higher level of application of phosphate sourees inereased
the available *P' status of soil significantly. This result
| censonance with the results of Rundal gt al (1977)
and Bafley gt al (1977) that sources with lov water
solubility perform better at higher, ﬁm at lover rate
of application. Higher rate of application of reck phosphate

i exop yleld and *P' yptaks but alse

herus estimatod by Olsent's and

(a) P
Bray's~1 method wore significantly and positivaly correlated

with the total uptake of phosphorus by the ocvop at paniels
{nitfation stage with coeffielent of correlation values

p = 0,473 and 0,731 Pespoctively (Flg.d)s

This indicated that the total uptake of phosphorus
by the rico orop at Pel. stage is mish iaflusnced by the
available 'P* lavel of the soil. The lovel of available
1Pt patuvally depended oa the deso of applied phosphorus
and the type of earrler used,

(»)

yﬁm@ of Flce vith eooffielent of correlat
539 poopectively (Fige5), This indicated
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that the grain yield is verymuch influenead by the
avallable phosphorus status of soil and henee 1t is highly
desirable o mintain a good status of 'P' inm soil %o

get better yield. ’

(e) Relationship botueen the uptake of 'P* by the
plant at PeXs stage and grain yield was worked oute. A
highly significant positive correlation with ccefficient
of covrrelation value ¥ = 0.533 was obtained hetween the

above two parameterse

It showed that grain ylold is influenced by the
total '°Y uptake of the plant, wideh is ultimatoly
4aflucncsd by the available *Pt level of soil.

m&-%(mm-mmﬂ)

Asmweﬁ grounimmt was grown after
rice to study the rosidual effect of phosphatie sources
already applied to rice during the preceding kharif season.

(x> mlaﬁve msmnalei’f@et ai’ phoapha(ze gsourecason

The pod yl@i& obtained from individual subplots
have beon converted to yiold por heetavre and the avarage
pod yleld in g/ha have been presented in Table=13.

It may bo noted frem the table that an gverage
ped yleld of 14,2 g/ba was obtalned from the centrol
vhereas the nighest mesn yicld was of the ovder of 17.7 g/ha
in ease of treatment vhich received IFDC-301 (Ming -
granlated vith 8% Hy50, as biader) phoasphate source.




Residual effect of phosphate scurses on the mean 7iin

pod yield of gromdnut ia g/ho.

L *PY LEVELS (Pacs in Ra/ta)

Pt SOCURDES L T 40 T 20 { 120 | m
BSOS NN S | I |
Gontrol 12 - . - 14.2
PSP - Me3 1563 171 15.8
MPR - 15,9  17.3 18,9 17.3
MPR-C - M5 1602 178 16.2
IFDC~301 - 158 17.9 19.3 17.7
 IFDO=400 - 1204 1643 174  16.0
IFDC=805 - 165.1  17s3 183 16,9
IFDO-816 - 15.0 131 i18.9 17.3
IFDC=702 - 141 1542 175  15.6
MEAN 442 149 16,7  18.2  16.3
Treatmonts stg’ 1.16 3ol
ontrol vs.rest sig’ 113 %2

Pt gources RN
Pt Joyols s1g™® 0u41 .1

; : v P8 X
13:14 mm g P Ve Se

* S8ignificant at 5§ level.
#e  Sgnifieant at 1% leva .
WeBa= llot significgat
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In the phosphate treated plots the mean yield varied
betweon 15.6 to 17.7 ¢/ha. Thus it may be seen that the
plot which roceived IFDC=301 ylelded 24.6% higher than
the control. However, this difference was narroved down
to 139 vhen compared with the treastment vwhich recelved
triple superphosphate. When ylelds obtained from the plot
receiving triple superphosphate and ground rock phosphate
are seen the yleld difference is of the order of 11%.
Looking at the sconomie benefit of this 11% difference and
lower cost of input in terms of phosphorus fisom rock
phosphate, one vould bs convinsed that for such acid soil,
rock phosphate is prefeorable to completsly water soluble
soures ik triple superphosphates The differonce of coat
per Keg of P,0g from triple superphosphate and ground
assoorie rock phosphate is of tho ordor of B.2.40 . This
difforence amounts to B,192/« vhen 20 Kg Pges is applied
and 1t 1s B.96/~ vhen 408 i3 applied.

Analysls of variance showed that thers vas
significant difference botween various troatments, control
va. vest and the diffevrent levels of phosphate applied as
rogards the yield of the erop, but there was no significant
difference in yield due to residual effect of various

The vesults Indleatad that definitsly thera wan

of various phospaat
glgnificant difference batween varionus Pesources stil
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IFDC-301 and IFDC-316 showed better residual effoet, ia
increasiag the yﬁ.@m in comparison to other sources.
Higher levels of a?ﬁplicati@n of all ths Pegouvers in
kharif seagon increased the pod yield oz groundnut in
gummer season sigaifieantly dus to their residual effects.

I1) take of 'P? at weflwm% stage as affeeted
( % mmu.ai effoct of P weamta

From the poreentage of *P*! in plants and the
total dry matter yisld at preflovering stage the tetal
uptalte of 'P* was found out and have beon prosented in
Table 14e

Analysis of vardence showsd that as regard the
total uptalke of 'P! by the ercp there is no signifieant
a1 ¢fercnce betueen residual offect of various sourcas, but
gignificant diffavance vas found betveen goatrel vse rest
and the vavious levels of phosphate applied.

| e results showed that the 'P' uptdke was
move duo to residual effeoct of phosphate application over
that of control and the uptake is moye due to higher lavel
of phosphate applieation $0 the kharilf crop irrespectiva
of all the phosthate source

The awila‘bla P gtatus of soil estlmated by
Bray's~I methed have been prosented fn Table 12« Mmalysis
howed that there is 1o signifiecant diffevence
‘ apious phosphate souvees in bullding uwp of the
available Pt status of soll, but there s aignificant
betweon the levels of vhosphate gpplied.

diffevence
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Jable=14

Rasidual effeet of yhosphato souvces on the mean uptalke
of P! by mgd%; hge preflovering stage

|

'Pt SOURCES
Gontrol = 3.0 - e« = 3.0
£3P . 38 3.8 4.3 3.9
MPR - 3.6 4.0 4.6 4ed
MPR-C - 3.8 4.5 4,5 443
IFDO=301 - 39 - 4.7 4e7 4ed
IFDC=4200 - 4.2 448 4.6 4.4
IFDO~G0S « 4.8 407 47 4.6
IFDC-816 - 3.2 4d 407 443
IFDC=702 - 440 4ol 48 4.3
MEAN 3.0 3.9 4.3 4.8 4ol
g tast 8eBefm) C. Dy (0.05)
Troatments sig” 0439 0.9
control vs.rest  Sig° 0.21 0.6
'Pe gources e Se
Pt Jevels se™” 0,12 0.3
Pt gource & P! HeSe
leval “

& pigaificant at &0 leval.
$enificant at 17 level

L
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| The vosult indicated that higher lewel of phosphate
application ¢o the main erop also inereased the residual
avallable 'P* gtatus of soil that influenced ths soecond

(a) Avallable phosphorus estimated by Bray's~I method
- were significantly and positively corrolatod with the poa
yield of gromdnut vith coefficient of correlation valuo
P = 0,639 (Figaﬁah This Indicated that the pod yicld is
avallable *P* status of sofl.

(b) Available Bray's~I 'P* were signifieantly and
pogitively eorrelated with the total uptake of *P* by the
groundnut erop at preblooning sfage with a eseffiofcat of
correlation value P = 0.503 (Pig.6b)s This revealed that
tho total uptake of *P* by the ervop is glso iaflusnced
by the available 'P* lev el of soil, The residual *P*
lovel of soil nmaturally depended en the dose of applied
phospherus and the type of carrier used for the previous

grODe
{a) mlaﬁans&i@ between the uptalto of *PY Wy the
pz@m at preblooming stage aad ped M& vags found out.

ghowad that the pod yield iz vopymmch
batal *P' uptake of the plant.
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SMMARY ATD 0O NCLUSION

Two field experiments namely Elm B, vere
condueted in ¢he 'D' bleock of the Central Roseaveh Statlion
of the Oplssa University of Agelmilture and Tochnology
to test the efficiency of Masgoorie voek phosphate and
i¢s partially acidulated producsts as compared to teriple
superphosphate in cropping sequencss of rics-graengrar
and rice-growdmnt. These trlsls wore condueted in medium
land vhere grouad water table in the rainy season cemes
close to the surface. The soils of both the fields are
classified as Waplaquspt (Qateritic)e The textuval
elasses of the sxperimental sites ave elay loas and silty
loan respectively. The dominant clay mineral as fdeatified
by carliey vorkews is kaolinite-1llits. Faly amounts of
hydvous oxide elay are also prescnt.

In the Bl trial (304) pH 5.8) HIV paddy "“Pratsp?
(OR-131+3~1) was grown during the kharif season in a
randemised bloek éesign vith 22 treatments and 3
;-aplzeatiemg Haxe 7 @af&mt phosphate earriers ware
testad st thres lovels L.0. 40,80 and 120 Rg Paeglhaw Rlce
erop veceived an uniform dose of 75U Wha applied in
3 splits, 37,58 T as basal, 13.75 Kg, 15 days aftor

planting and tho west 7 days before ponicle initlatien.
1ted @ 62 Ke I%Wm ag muriate of peem

Potassium was appl
in 2 Q@liw 33’@& ) Bz ag basal and 30 ¥z at 10 4 |

vefore paniele initiations The phosphatie souress weve




eompared taking into considerations the grain vield and
vhosphorus uptaks at panicle initiation stago. S04l samplas
gollected from each troatment wore tosted for Bray's-I
and Olsen's *P'. Correlatlons wore worked out betuecn the
phogsphorus uptake and yleld of grain end goil test *Pt
values with phosphorus uptake and grain yield. Grein yleld
fvom the eontrol plot vhich 4id not roeeive any (*P0
yielded 31.8 ¢/ha vhereas the yield from the plot
veesiving IFDC-702 (507 HyP0, partially acidulated) was
9.9 g/ha giving an increase of 25%. Howeve
jnerease was of tho order of enly 4% as compared to the
plot pecciving teiple superphosphatas Both availsble *P?
of soll as extracted by Bray's-I and Olsen's method had
slgnifieant correlations vith the grain yield and uptake
of P! by the crop. The uptaln of phosphorus at panicle
gnitiation stage and grain yleld also significantly
corralated with *r* valus of 0.G31.
Groongran (Mybe12~4) was groun as the second
under By trial with residual phosphorus without any
repch FDV mﬂ%M& Hewaver, 20 Kg Wha feom ealeium

EPOD m@i’mﬂ ane irrigation ealy afte
gerudnations In this experinent yleld ﬁimreztm due %o
pasidual effoet of different sources of phosphoyus 1
general was not significant, However, there was significant
diggevence in yleld between control and the vest. The
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treatments rocelving IFDC-605 ( acidulated with 40% 32894)
and IFDC=%13 ( acidulated with 258 Hsmé) produced yield
of 9.5 g/ha as against contrel yield of 7.2 g/ha which
amounts to 20% highor yicld. But this yield was ealy 37
moyre than the pleot which veceived t¥iple superphosphate.
Such pesults lead to the eonclusion that parilally ascidulated
pock phosphate even vith 257 HyPO, 1s better than super-
phosphate for integrated phosphate supply to the soil.
Pwesllent positive correlation was observed betwsen uptake
of phosphorus and the ultimate geain yleld ( » = 0.823),
Avallable 'P! extraetable by Bray's-I psagent correlated
signifleantly vith grain yleld ( r = 0.664) and phosphorus

@m ( = 005%)0
In the B, trdal ( s0il pH 5.2) HIV paddy "Pratap®

(ORe131=3=1) was also growa vith 25 troatusnts amd 3
replicationss Sinee pH of thls soil was somewhat meyo
acidie than the B, trial plot, the souress of phosphorus
chosen were differente Hers again trinde superphosphate
was used as the gtandard source for comparison. Bat othor
sources inoluded powleved rav Hussoorie rodk phosphate

és guch and rock phosphate coneentrated coatalning 19% and
mmet&vezzr. ipart feen partially

24%¢ total ?3@,50

also used where 8,15 S0
 Theye wag 1o aﬂ.gmfﬂlmms a4 fPapence in the

yﬁ.@w of control plet and the plots weeelving m
pgsporie FOCk phosphate anl eoncentrated powdered '‘mssoorie
' ocls phosphate but the yleld obtained fron the plot of
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IFDC~-702 (807 HS?% aeidulated) was higher by 4.6 g/ha
than the contyol amounting to 177 higher. Tils yield 4s
only 1.7 a/ha highor than that of triple-suporphosphats
(5% highev). The ground rock phosphate as eoncentrated
rock phosphate aid not perforn vell as compared
partially acidulated sourees or completely mmmlablé |
sourges because the soil was very poor in inharent
fertility in pespect of avallable 'P* and also because
pica is hardly capable o extract *P* from inscluble
sources. The Bray's~I extractable pﬁwap&mwm‘ef soil had
signifiennt positive correlation vith 'P! wtake by rice
(¢ = 0,731) and grain yield ( » = 0.639). Uptake of
phosphopus and grain yicld had also significsnt correlation

( P = 9.533).
groundmut (Var. AB-12-22) was grown as the test

estp i the B, trial to test the Fasidual effect of the
phosphate sam’ms vhich vere mli-@@ to the HIV paddy.
mitrogen @ 20 Kg W/ha from caleiun ameaium nitrate and
potassiun @ 2 K8 Kg@/m from maviate of potash were
appliede The eFop vas jprigated 3 timgs during the growth
Wmmaﬂmm of one monthe mmmtmlylet,
erouninut pod yield vas 14.2 ¢/ha vhich vere 17.7 o/ha
on TFDO-301s 17.3 ¢/ha ia 17DC-A16 and 17.3 q/ha 1n the
olot Jatch 7@ aoived mmﬁ azscorie roek phosphatee. There
gnerease in yleld due to IFDC-301 as against

was 24465
gontrol wﬁmmﬂ 4n othep treatments the inerease was of
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elsarly indicates that even tho ninigramulated voek
phosphate vhere 8.1 HyS0, has been used as bader 4s
good enough vhen a cropping sequence of »ieo and
groundmmt is taken. Interestingly the ylelds obtained
from the plot vhere ground rock phogphats was applied
is the same liks 8.1 HyS0, tweated rock phosphate. There
was no cignificant differences among the sourges to
build up @ residual 'P? vhich indicates clearly that to
puild up a satisfactory phosphate potential cheaper
soupce of phosphates should be proferred in such soils
. and eropping SoquenSe. gince it is the guestion eof '
puilding phosphate coneentration, theve was sigaificant
a4 ¢ference betusen the levels of applied phosphorus.

ymssooric rock phosphate whieh is of sodinmentary
n dus to its good veactivity has been considered as

origl
one of the {mportant sources of phesphorus for direet u se

gtudies paﬁ'ﬁmﬂaﬂy vhen a cropping sequence of Mee and
poundnut ave taken. Fowever,

ﬁmza:. data gencrated frem this stuly elearly
gndlcated thal appiication of gromd liusseorie reck
momm@ in tho case of & short duration paddy s of

imﬁﬁa@ valuo booause Fige has no good capacity to
uabie native soil phosphorus is of mediun or high level.
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2 In the B, trial of the present stadies IFDC-702
(804 33%4 acidulated) or IFDC-916 (2570 33%4 acidulated)
were equally good from the point of viow of graiam yielad,
because these materlals had both watsr soluble and
@itrate soluble sourees of phosphorus ¢o benefit the rice
erop. This is also true in the B, trial even at pH 8.2
where thess matevials could prove thelr officiency as
far as #ice is concerned. then the seeond crop of greengram
and geoundnnt are takea inte consideration IFD:
267 H5P0, aeidulated) was good onough. They
could conclude that 267 acidulation with HSP% is preforable
manufactiure.

then grain yields of rice and greongran
and growndmut in totality are taken into consideration
[FDC~605 { 40% acidulation vith HyS0,) and IFDC~301
(sinf-granulated vith 2417 Hy80,) ave preferable
pospectively. In othor words long range effeoet of partial
acidulation of rock phosphate with H,80, 1s good

partieularly when a logmwae 4s a test crop which has the

eanaeity of oxtvacting phosphorus from insoluble sources.

3. From coyrolation studies of Beayts~I and Olsen's
extractable phosphorus fron goil with that of phosphorus
uptake and grain yleld ons eould conoclude that both the
oxtractants are ﬁe@ﬁnﬂaﬂﬁ vhien soil pi is not high)

@ﬁﬁgﬂg howevels Ay |
m@m& rasting vhen ﬁm@w@gm%ﬁm@fmm%

6f 5e0e
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In gonoral, the seld lateritie soils have a high
phosphate fixzing eapaeity and therefore, it s not
ccononieally foasible to huild up a satisfactory phosphats
potential in such soils by application of complotely
wvator soluble phosphate sourees. W, fron the point
of view of integrated phosphate supply to crops in
sequence 1% is possible to meet the ehallenge by addition
of largo doses of lass expeasive indigenous rock phosphate.
7o moet the requiremont of aeidie, neutral and slightly
allaline soils and for varieties of cropping sequenees
partial acidulation of rock phosphate to vaglous dogege

fertiliser. ‘
sinee the indigonous rock phosphate of ocur comtry

nave hardly any atility of being converted to watersoluble
gourees due to heavy czpenditurs of the prosess 1t is all
the more necggsary for the seil solontists and agronomists
to perfect the tcchnology of the direct use of rock
phosphate wherever foasibles
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err1cIeg? {») m mmssmw ngmm SHOWING THE ma‘rmﬂam BETWEEN THE
YARIABLES wmmn (MAIPBI

Fig. (1a) 1.avatlablo'P(@son's)
Fig. (3b) 2eavailadle'P*{Brayts+I)
Fige (28) 344vailabletP?(Olsen’s)
PLZs (20034 Available "P*(Brayts-1)
- B 'PYuptake Wy vice
Figs{3a) ‘@-;'&vaﬁa'@le 19 (Brayte~1)
Figs (3.0)7. Avallable *PY(Bray'seI)
BeUptake of 'PY by

e

"' &M‘iﬂ

Crain yleld
of vio

Grain vicld
of riee
Uptake of PV
by rleo

toke of Pt
% rice

Gpain 1d
of rﬂ.eg‘e

Graln yleld of
gresngyan

WW ef 'P'

@ra&n ylela
of greengran

g pt Regression equation
. E ‘ | |

3 3 83 3888

0,706
0.617°

0.740"°

0.528°

0.631°°

0.564""°

0.533%°

0.882""

Y = 32,02 + 1.124X

Y= 34.644 + 0,020%

‘ Y = 84812 ¢ 0.488%

Y = 9,734 + 0.362X
¥ = 20.286 + 1.620%
¥ = 84247 + 0,260X
¥ = 1,37 + 0.144X

¥ = G207 + 1.540X

* Glgnifieant at 53 level
*® Significant at 1% lewel



BLATION COBFFICIBNT (@) AND 1

REGRESSION BQUATION SHOWING m RELATIONHSIP BETURRY
PHE VARIABLRS CORRELATED (mmpag

Yariables mmlateﬂ

N

- — = - ! (gfmg gt E Regression aquation
Fige{4,a) 1. Available 'P*((Mlsen's) gt%emof tpt 23 o.m- Y = 8.377 + 0.407X
Figs (441) 3¢ Avallable'®! (Bray'seI) g’;ﬁﬁ;’f Y 23 0,717 ¥ = 8.780 + 0,428X
Fig+(5ea) 34 4vailatle 'P(Clsen's) @ain yield of 23 0.473° Y = 28,664 + 0.81X
Fige (5eb) 40 ivatlablo? ! (Bray*s=I) gséa vield of 23 0,53 ¥ = 24,147 + 0.888X
_ B+ Uptake of 'P* By rice Grain yicld of 23 0,538 ¥ = 12,137 + 1.518%
Fig(Ga) G Avatlable 'P! (aray'sD) Pod visldoz 29 0,639"% ¥ = 11,332 + 0,99X
Pige (Geb) 7, Available 'P(Sray'sel) m ﬁm:z' 23 0.,593*° ¥ = 2.887 + 0.260X
Be ggﬁ of *p1 w B x Jeld of 23 0,78"" ¥ = 5,211 + 2.689%
\;\ ." TR * signifisant at 6% leval,
T ®¢  gignificant at 1% levels



