
EVALUATION OF PARTIALLY ACIDULATED 
MUSSOORIE ROCK PHOSPHATE FOR 
RICE-BASED CROPPING SYSTEMS. 

A THESIS SUBMITTED TO 
THE ORISSA UNIVERSITY OF AGRICULTURE AND TECHNOLOGY 

BHUBANESWAR 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 

MASTER OF SCIENCE IN AGRICULTURE 
(SOILS AND AGRICULTURAL CHEMISTRY) 

By 

Artatran Mislara 

DEPARTMENT OF SOILS AND AGRICULTURAL CHEMISTRY 

COLLEGE OF AGRICULTURE 

HESIS ADVISER; 

BHUBANESWAR 

1985 
Dre N. PANDA 



U'tt1tC'·A t'£l1 TO 
MY . 

P'Att£NTlr 



AOllOWLBDfjBHIII 

I avan this opportwJ1 ty of expMSSlDg IlF 

Pl'otowld sease of Il'atl tude to Dr.1'.Partda. L Be. ( .. ) 

(D. II. lY. >. !4.SG. (Allahabad)" Ph.D. CM!ssouri) t ,"teaaor. 

_artmellt of SoUs and 4I1'leul taral Ohem1stl? aollege 

8' ~ture. Orissa TJnl_rd\V of AptieultUN and 

'leo!mology to'Jf hi. 1Ia1_ble IQldanee, eeutaftt Sl1J'G1"vlslon 

awl constNetlve oft tto1sms d11l'1ng the enUN ~e of, 

tbts· lmreat1catloa. 

I am VGrI' mwth snteflll to Dr.G.lW.ratN, Mesa. 
Assoo.LA.LI ... Ph.D_. PtN.tessop aDd Heat! or the Depal'1ane1lt 

of'SOUs ana ApiGtiltuHl ehemisWy toP ltMVltUq aU 

possible labo_tory taoUlttea fJmtilll the COl11Q of ¥lis 

lmesti,pt1cm. 

I am Wehte4 to a.t Dw1JabalP Sahoo. Sd1 Sol_Wt. 

L.2.P.Bapel'ltDeat and _.K.Panda. Opeatloual ~ otftce •• 

De~' ot S011s aad Apleu1t.un1 Cbom1atwy to. the» 
help am valable saaeattoaa 4lIJtlQg the ~ won. 

!baatm aM also du .. lap!, BhaDda, .... Iaetd • 

• sa and !.iW'Ia.. r-.tb.e1" GOJ'CUal ~tlon 4U1ag tie 

paled of lDwstlSatSoa. 
~ asd~ ~ __ .'fJtwl.ot 

Oftssa and th.M18s uatve",,,, of Apleu1tuN aid 

feehrUdolV deS. the Poa"~te studtes .. 81. 4111V 

aekDDWlelpt!. 

,. at. tn_ltd. to ~tea p!W,Ob •• _""­

~eal. lAd. to.. ~_, .. ,. • .u.,. _J.d •• tea 
ma'~ ~ tddtl t __ ~u.oa. 



-2-

laBt1? I am c1_p~ ~ to.,. ,..-. 

bl'other aDd s1~1aw whose ~ttons. love 8114 

blesstnss 1e4 IDa to th1s s'-P of au.eeesa. 

mm~· 

IJ!te 8th 3at7,1986 



'f 

&14 &lperimeat 
('l\'tal-'Ba- m.oa) 

Fle1d lb.perf.meDt 
(~.Ba- Gro11Diblut) 

_ [I. • I I 

66-71 

1 .. x 



IalS •• ~ 
1- CIlemloa1 composition of MtlsSOOde 

Rok phosphaw awl moM.ftec1 
p_t4all" acidt&laW !wochmu. 

l1esul ts of J)hjslcal and chem1oa1 
analJ'81s otsOU. 

IbP ~.!J, 

~~ .pa1n yiala of dee as . 
attecistt b7 phosphate tna_ntAh 

3'1 

4. MeaD UPtake of tp ... rioe at P.l • 
• p. ~ 

S. f4ean available Olsa*s'pt of soU. 43 

6. MfmQ avaUable ~'s-1 tp, 
of soil. 46 

7. !-7ean gra1D 1iela of ~. 48 

8. ~~ .take of 'PI _ ~pam. m 
ilU ..• ·Mal-L .. H.", j .a 

9. Keaft ~ vte1d ofriee. 83 

10. Meaa uPtake og tpt 1:w' riee. 65 

11. Mea avd.1a1t1e O1.&ea's .pt of soU. 67 

1.1. Tilaft aYai1a140 ~'.I "'ot soU. • 

13. Meoa POd. ,:tela of 8!'Owdmlt. G1 

. 'I 



Dsal. 
1( ... ) 

2(a.1») 

LlRPl nIW. 

ElImII, UUrHCItW .... W .) 
Ie1atlODShip lMlt.veen available "'P' 
an4 aNSa?le1d of _ee. 
BitlaUoasblp baWeea available 'p. 
aid upta1fe of 'PI .. rioe. 

Ie1Ationsbl, of availah1.e _pt (lWaJt· .... I) 
"ltll 

Ca> paiD yio14 of 81aeapam 
(b) 1,-t UPtake _by ~ 

CP., 1'.da1-Be ) 
IalaUoG!18blp __ .... ava11a1t1e 'P' 
and UPtake of .pt .." .s.oe. 
Ie1atlensld.p be __ avaUable 'P' 
ard I1'aIa Yield of doe. 

Ialatlonsblp o-t a'ftdlaW1e,pt ..,..s-l wlth 
(a) i\1d 71e14 Of ~ 

(11) _taD of 'pl by' lJl'01ln4mlt -

_1I1W1 

ao.Mlat4Oll eoettlet_, t.) ...... ad._ 
... t;1on -sbolflq the ftlat4outd.p -_tveea 
tbe ~ OQlIN1atet (a. Y.dal~- Da'" 

..... -.. * .. -.. .... .. 
1 
1 



CHAPTER-' 
INTRODUCTION 



!he alCrdtloant 1"01e of p.hosphor_ 1ft sWltalrdq 

and btd.ld1rig lIP of 1fmd tertil1tQ PU'ticalarly tmder 

lntensive system of apiOlll.\Ure, has been amplY' demOnstl'aW 

f1I'01B the results of lal-ge DUlIber' of stwltes caft1e4 Otl' all 

09&1' the "..14. SoUs ue kuotm .. va7!'!I td.de1,. b tbeu tpt 

strPPlylng ~ to CR'OPS. !he d.Vnamtos of phosphors 

Vanst01l'maUoa 1ft the soil system and its timttoa ad Hlease 

character!stlCS. hue beeD the sub3ect of !lU13e1'Otl$ "search 

lavestilat-lons, Wt 1a actual PHotios tile mos' pertlnea' 

bse 18 ~ know bow mueh .pt ean be mae avalla'b1e to C1'OP 

from the _14ft pool. The work onpho8Pbate 811Wl ttonot 

plant caJlPied 011' 1a !!Ilta ard abroad auggest ttlat aboo.' 

15 - as " ot the adde« phosPhate Is onl,. atu1'" by tho onp. 

if. appUed wateP soluble phospbaUo tePtdlhen ue IItre1" 

., utldel'go· ·t:PautormatloD 1ft the sonia &OClOI'4aftCJG nth 

the, physlea1, ehemlcal.autl b lo1ogtcm1 ,...,.tles of the 

soil. Pl. __ dePlw phoB •• ,.. Uta re1atlve1J' less 

so1t.thle ~1IJld W04uts after ~ am" ... a PttOCGsa of 

cU.sao1aUcm 0Ji so1l11d11_tlon. 

Ia India __ lV one tldr4 ot \he Ol11tlva'tQ4 lan4 Is 

UlItIeP aeld soils. A ~ put of Orissa Is also _veNd 

wltb BA14lc·n4 ami· ta."tte soU' •• :d..,low avaUo1l1e 

... ."kfmtll eoatea' '&l'ld v.", htg'b ,hoSJbOPQS tbtsl _paC1U08. 

!M,reton, the tlttantt t4&8 of phosPb;orwt req~. to , ... lop 
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a _'i.'acto·1V pOtmltJ1a1 .. so .. , ttta1l l' ,. _, 

eooaom1oal to .. u.s!), 1dle. absol1ttt". _pad", .f soU '" 
udas va,", soluble phosphate oawteN. 80 lese .... lUdw 

iuo18le aDd ... te 801tib10 • ___ of pboGPbons iDe 

wok phospbate apT41oation 1B add soil., as a .... or 
pboaPhatto t.tt11ser, needs to be tested • 

.... " tdneJlalog1ea1esp1on.tlou by tile 

Qeolo81oal aaw.,. of ldia bave ti~ a.1:eatd_ 

......,.. of Nett phosPhates itl .. !oas ____ of IlJUa. A 

total es1daatGtS NtII9I'W of 110 mU1loQ tou of not 

p,08Pbatea ooae 1a Ufterent .... of iftdu. UJe ft_ ~. lla3uthaD,. Ma4bfa PJpat-. K .... Weft tteqa1, 

aD« 4Jl4ta. •• frsdesh. 

\be l'OOII phoSPhates Wbteb aN the 1Da1a.. . 

mateftal ,. maautaet.a of' ,.MapbatlO fentU •• tde 

ul--.aurftol.tl" avdlal4e la lldla ..... saU.". 

1ft most cases \be "'datto qUlittJ' aGdape:dtleat4ou or 

teft11l-. la4_-,.. ~ Vie ........ taMea .. PM--
ot.w.s.ailll ... iaII ........ pboS.pbatea ta feliUU ... 
latJuWSW ...... ., a ...... to19 ... ant aio. 

t. re\at.tvdy simple 1tU ftlla14e MaIlS lb. p*l." ... 

ob ... ~s wbGR 1ft 10_ phoaPMtes .. be applW 

el-' dl ... _ .. .,. __ -am.'loas, lhe ~ 

aoSdula"_ tor ~. ·the ql'OflOtde .nefti ..... , .. ~. 



JirlO1Iher __ tam: issue 1st .. 11M Of phoapha14e 

ttwtl111J811 _ ,be bas1s of soil test Nd1 t. Soil _u.q 

as a tool is the _ tor profitable orOp PJP04uettoa 
~ tbe tpt 1s well oorre1aW with .. 7ie1C-

1l1fftet!1tles Grise wbile •• tab11at.d.Dg a soot -...eta"Oft 

_tween tb8 amotmt of· P ._ao" '" Fa ~~ me ... 
w1tb •• ~ of a pw.eu1ar eI'OP. tb.eNto.re ew1ul1_ 
of a a_table 80U test _th04 toy s_ GOD.dttloa wU1 _ 

_ Nt for better aU1laatt_ of phosplta .... 

1IJlII1'lS 91 'I1IIIIYIUJICOI a-
M to imre8tilate. Whether __ de I'Ook ~. orm tie 

ase4_ a pbosp,ba_ .... t. aold la ...... soUa. 

a. .. ttaIiIPU'e atteoU'f8Dti;SS of V817l1l1 aepee of 

addulatto. of Mu900rienek pbos'pbate Wi. ~flI 
..... ot BaN .. dI -.80.-

3. !O tAws_gate ...... tlJ.Mn aftd wd4ua1 etteo\ of 

paPda11y 0.014 .... ~e JLlCek 1JhoS1Jhe.- to. 

71. ..... cwopJiq srsteu. 

4. Yo tes' tile aptt1loaldll'" 'Of ~trX _ Olsea'. 
a.-..a._<iIo...-. • .tJ. ... .iI-a.~. ... f ftA.... ...... ....... u_ ,.,.. _wr .. ~v &0 ... ''!lVV~_''''_ .,. VV'~ a.v~w.v .. 

ta Bold J.ateI'i". aoU to. __ basea ..,pSal ~ • 

. Iii. tHljj ... 



CHAPTER-II 
oRE IE of LITER T RE 



Phosphort1S belng one og the moa' ~tant essentW 

element tor plants bu· ttrawn the atten't16n of soU solentists 

and aponomlsls for a long tlma •. ~ soU tertlUty 

f.m1estigaUons have been oonc1tloted 01& phoSphoRS tbaa _ 

al\Y other ale_nt, yu' oharacterisation and assoasmea't of 

its avatlabUl_ bas not 1aeen tull,. possible. 

1. mgsPMms DA!SF'JUMiXlO! ,11 .,am LAZWDSI JlGI aIL t 

Pboapbat1e t<WtUise •• l tbGP wateP solu.ble 01' c1 Vats 

soluble, wheft applied to aoitlsoils undergo tftasfOJ!'mG.tlons 

4epeMlDsu:pon the natue and conUtion of so11. I' 18 
NCO __ that ODly a small peltoentage of ac1dGt P 1s 

absomdW the plan' and the Rat 1G 1'eta1tled .. f1zed 

in s011 tn vaftOU RlaUve1y 1asoluble torm. 

AcOO%'4SQg W (Seata an4 stan'beft'l",19.G) various . 

phosphate oompoW'lds m so11 may ~ 4. _ eo'V1roumental 

con41t1orl _e wh10Il the sOil 1s malllt.lwd.· 1hO _tare of 

tutl11cer .• ,. aaaet afld the· ~ of sotl._v1~' 

ada".- •• the ,.tUttle ~o1e detGftlJ.ne the ..... of 

reaot1ouPl'04'" ~ 18 ·ttle soU wb1_ ill __ SGrVe 

a& ~teat1~ SO __ ct·pt sVtdlald.1ttl" with passage of 

't1me • 

SUo sa lUI. (l96?)1a ,~ ~ t.aufoaat4Qft 

$fiW!10S to_ ~t;st4ttble·P' .~ to aetd $0,11" 

ftssolvd d.-tag the pHeGelS of "001 watbePlnI. 



... 6-

,recipltated np14l.,. to toN conoidal Ai and Pe-P, which 

O!7staltse to form bJdrated eompomd$ such as 118.r.lael te 

and stNqlte uh1ch are much less available to plants. 

Cbakravafty and Kar (1.9'10) reported that about 

30 - ~ of added 'p' was fixed 1ft West EIeaBal sol1 

havtng pH (4.3- 6.1).'lhe Al':'t Fe-P and aa-P peaU,. 

In.owased and occluded At-' blcreased to a 1esser depee '. 

Ca-P was unaffected excel't 111 soils wi til pH 6.,]8·. 

AoCO!'dlnl to !hanna and lfaba3_ (197l.) 10 

acid soils added '1" was traDsfon1ed 1n to Al-P (4'1 to ~ 

at pH 4.7 and 17 to 34$ at pH e.6 ). 

Gupta ·and ~ (1.918) found _, 1IItaut0ftl&Ucm 

of inorgaqlo P wtder field molsture ~ty and wa-.loae4 . 

ecndltlon Naulted In a 4e __ in NtillOtaDt solu.b1e p 

aDd ns14ua1 P aid an lnoRaae in ea-P and Ilt-' with time. 

.!he amDWlt 01 4-1' dQ~ tll'lder field molsWre eoaUUon 

bUt ~sed aUgbtly tmder _Qed Cwa •• 1ogged) COJdS,tcm. 

Maa4a3 a!ld Cha, •• ,. (1972) NPftWd that 

the addoS 'pl l'Gm1D1ns 1n eqtlUlbl'lum sola"tm «eolSD.et1 

shaJ.tp1y4ep9ntling Oft lesse ~. aU4 _ttve Doll 

,bosphateeoa.at of the sotl. !he7' 81'80 touMtha, aotla 

~ hl8her DMyfa-I extPaeta'ble PGPM'lenaetl ...... 

ftaqstormattcm til to At-P. ~f'oIialatltm of adele« p to 

Fe-P aftd· Al-P was dlNOU" related to total 1rloJrgado p 

alnadY tmeMat 1a tb.esoU. 

~ ana BIlaD ('1972) sbewe4 tJb.1l;, W!~a 15 dave 
of .pllcation sue thaD _ or the .,. a44etl tAl 

8~tJ!)ha • .a ~teiI' to .... va11abl,$ fona. 



-6-

Manaal and KbaB (1977) fOW1t Uta, _ of the 

amGUftt of appl,1e4 phosphate vaS f1sad as Al-p. Fe-P aDd. 

ea-p atter banest of rice .orop. 

MaMal. antl Khan (1915) fo" tbat RPeaW GJ'Ol1q 

ot alteln1ate ._rloged and sattll'ate4 mol ... ocmdlUoa 
• .• t • 

lowJted tile BPayts-I -.P'. 'J!lese 81 ... te motatuN NIlme 

Ol.'Gatad ooracllt4oa top forma t10Il and aocmmdatlon 01 

~des of Fe art.d At. whtoh have hlp P ftdug eapaolty-

~tb.t std.n4e aid Patftalk (197'1) .mea 
. , 

fJZ1JGr1menta witb rs taa- aa Y.'.t Cl(BP04) 8Dl 

0aa(P04 )a aud towd tha't In OlJl1.tion of these SO~8 to 

moist; .-oble aol4 soUs a 00!lS14en.b1e p~"_ of &Pl'Ue4 

p eY8ft from d1oa1olum phoopbate and trtoalo1wa pboaPhate 

\Ore ~W to a-p aaJ/op re-P du to Ihatal dlSsodation 

of the ft+ 1_ 1ft the wystem., 

B1d4ePPa aDd PenP (1978) 'fIO!Ild.~ latedte ..u. 
mder- dlttUEmtllOistuN levels npopted -that apP1i04Uoa 

of phosPhatio tertl11aen ~ J1 atd ".., taoUcms 
, -

.. 60 d...va, btlt 4~ tdla same aa'bsGpaf4Y. 

1\tabhtlilesai awl W .... (l984) atwlle4 ,...·8Pba. 
rea.don pJlOiuna to!!!lEJd after 'application of dlttenat 

oa:nleR of fetUs.. p 1ft lAt.tUe so11 aftI tOUDd tha, 
... cttt. of ~ .. ;ho.,. .. 1. the .8.8ll ,sell .. 
_~ld_ ~te ~ ~dte ubS1e ~ol_ 

pbeaPbate ,._ -.1 .. to ~ ................ ant 

oftl'tt.e. Fa·· ~. At"· vewtowttl to ,be dcJmlnat .\lou 
~m 1.'1 phMl_te ftJ.altt@iI ,.Udasalyla add sotla. 
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DlSSOLtJfIO~ OF ROOK mOSPHAfE AIm AVAILABILIft OF 
mosmoRUs IN mIl §oUts • 

Dock phosphate 1s tile P?1ma17 soa.rce of phosphorQs 

1ft the mineral apat! te which is J)NSGlllt in the tormo~ 

finelY' divided tll101'aJ)atlt3, hydroxy apatit9.Qb1o!oapatlte. 

Iron and Alta11n1um phosphates and phosphates 1ft oombtnatiOD 

with clay- It may also be preseat fa the tom of simple 

soluble compOW'tds In "ganio comblnatlons. 

(OlseD 1975, Ohaveri and D1aok 1976) op1ned that 

et'01) response to phosphate rock appUea tion 1a 8troqly 

4epentlent uPon the rate of dissolution of the phosphate 

rock 111 soU. 

lbastmeh 4'b! Doll (19?8) toWld 3 ma3- factors 

1nfluenolng 'P' aYailab111ty from phosPhate rook. 

1) Irlhetteo.t dltte~s amcmg phoSPhat. rook 
soarees 

11) SoU properties 

111) VQJI1atlon ntlOtlgOlMPS In tbel. abWtyr to 
tltlllae tpt from phosphate rock&. 

~ 1s a general ~nt (PUts d Al. 196a. 

Graham 1965) that soU ao1dtty baa a mnl"kefi tntla __ q 

the avaUabUlty of ,p···from rook phosphatQ, tht) avallabl­

l1f111t1eJ.fetiB8s as 'the pH is 1~. Rook phosphate 1s 

decomposed by acid to tom lIlODOCalotum phosphate at1d 

otbw solttt4G ~. 

Oneet Ha'04 lOllS toNGa. taell't tate d~ upon soil 

eav1ronmeat. 
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11ft and Jackson (1960) have stwSMd the tmpoPtanee 

of pH 1n the formation of A1 aM Fe-»hosl'hate as opposed 

to Ca-phalsphate, the former being the maf.Q product 1D 

a.cid soils. 

Cbu, t,Tosohler and Thomas (l962) stu4y!ng seveMl 

acid s011s of V1rg1nS,a repori)ed thatAl and Fe fJraoUons 

4eoreaS9\l with ineJteasing pH. 1he "].a t10nsblp betweell pH 

and n-~8Phat;e was assent1a11y the same fOr all soUs 

stwlied. wheftfaS the amount of 'Fe-phoS})bate formed vuled 

both with pH and s011 me :re content. From these 

relationships It Appears that 8011s which ~ wel1 to 

rock phosphate application are those with 1_ pH and 

re1ativGly low !'He Fe collteat. 

Sevenl a~ (LGb:P a..'ld t{e ale1lan l.9?2, 

Olsen 1915, Chten ad Blaek 1975, Chi_ 1977) OJ1ne4 that 

the ftQctlvtty of phosphate. HOb aUllae<! top 41"0' 

applf.eat1on ~es witb mineral com!lOslt1_ and the 

solu'bUityof .pt 1n a phosphate "ak so~e can 'be used 

as all la4a of 1 ta naetiv1ty. 

Ch1en ana ~ ( 1918 ) studtei the Jeaoltvlty 

of phosPhate rocks and sqgested that taetorosuch as I 

1) Cal •• dewesslO111 of apatite aolublUt7 1ft 
1lleutI'a1 ~um _tr6te. 

U) !he ~ e~teG' (total P COQteftt) Oft the 
~8HQt oo1tlbU1ty. 

ltl) !he te~ effoot. ot apat4tedUO$ tateNbtUlt 
n.eeflto .. ~4end .... PN1atlon of 
~1@a1 ftlaotlVlty @t the vaJ'twa P~ha_ 
nck8 a'td their 8~e ett.@Uveness ~ 
~aNd. 



Lebr aDd MoClellall(197a) aamtned the imJ)ol'tant 

.-14 d81>oslts and observed that wlth ft»w acePtiem tile 

apaUtes were not fluorapatite, but belonged to serle. of' 

carbouate apat1ta in wh10h P04 was part1allJ" .. placed by 

COs ar&d Pt aDd Ca by !fa aid Jr. 1ft tbe apatite atN.WN. 

'lhe7 also toWld that ol_te solQble P of the apatite 

1DOI'easad as the ilepee of COa .'b8t4=tlon tOIl P04 III . 

the ape Ute stlPuotuN 1r!o!leaSeti. 

Oblen am Black (D?6) and Chien (1977) totm4 that 

the sust!""!oa of COs tor PO" 1n epa"-- • __ "'" 
de ... the tNG eftePt!:J1 ot neuth11aU.on 1a the a014 

so1.tt~ naultJ.ng 111 an 1ftoNa8e 1ft the ohemlea1 

naot;1V1ty of· J)hospba'e rook, aDd the m.ore the de .. of 

sUbsU.t;l.Ol'ltbe areatsp tile ehemloal I' .. Uvlty of 

phospbate noll. 

Cb1ea (1977) atud1e4 tile 41ssola.Uon of phosphate 

rooks 1ft aD a014 'P' detlcd.sftt 8011 tm4er watet-20sged 

ooadltioD and tOWJil tha, the CGlle9Dbattoa 01 '1" III 

the soU sol,*i_ eqd111Jftte4 with _dOD PhOSPba. roclUl 

dur1Dg laotllJaUoD 1I'8fteiI eout4eft'b2:, 81DOOI ___ 8 aid 

the 801.1411", tUft .... of VQIllous pko ... Reka 4_._ as lamallatlOb _me t.aeJteaM4.9J,e tp,' .. cen .. __ 

1ft 'tb.8 soil ecatd.11bJ1atGl with phospbate ... s NaClbet a 

mazlmlDl-3 weeks atter the soU wao floot!d atd .. 

, • .....a ..... was a l~.ft1aUenaldp ___ "-

10 __ tbm of the matdmQnJ'P" ooacen.aU. ta the 8011 

solattAD eqtdl1_W Wf.tk phosphate !'OOk Md the •• .,.. ., 
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COa su'bst1tutlon tor P04 In the apatite stluet ... 

Bhajabal ad taRry (1981) also totJDd 111. Iad181'l 

phoSPhate 1'OOb that eitl'ate scl1.ubUlt7 of the phosphate 

JOck lneI'8ase4 a8 the mol. ratlas of COa' PO" 1a eaell 

apat! te lraereaaea. •• solald11 V of phosphate lOOk 

lrloubated 1D aD aold so11 UDder tlootle4 oo11d:lUon lae'lJease4 

,,1ttO 3rd wek and deeNasedtheNane. 

Ibasaoh aQ4 Doll (1978) toWld tbat aa 18 ODe .f 

the prodao' in l'hosPha," rook dissolution 1ft ... 14 soU., 
• t, 

wbteb lsMleaaed in amount ,.opoft1onal ·to the ••• of P 

.. leased. !be dlssol_ ,pt Wldaqo tnDstormattoa wIdl.e 

Ca reinaln as ...... ogeable ea\tOft III soU sol __ • 

affeetha the ft_ of 41sso1qtton of phosphate "*-. Be 

~ that phoaphate "ok atsao1atioft wa_ pea_ When 

soll ca lew1s weN low. 

Cbaadbarr? and Mlsbra (JJ80) fOtIa4 ... , _ 

.... ttOJlllatlOD of l'Oeil phospba;te 18 so11 was _~ ftlaW 

to soU aoldl" ardpho$pbate potential u tkew 80 so11, 

panaet •• aeoo.tea to. .. YeSailea lB .. 4 .... or 
""'0".". of rook phosPbate. 

Aadersor&, XUsow ad ~(_) atadled la acdA 

soU·., ... and to vila' ..... phee1Jbate roelt aJd 8Ol1 

ebaftoterlstiea fat1vantle Nlease Of .,. ". pbospba\e 

1'0_ ad towt4 'a' ftlatlve 8fIM!IDDlo efteoi4venau .f 

tilt pbOSptate ...... a._til? ftlaW to ... 

sUb."tnerti COa _tea, tfId.eh ...... to. 71 • .. of 

tile ~u.on Sa .pI Nt .... . 
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No sirasle soil ~terutlcs a~ to have 

oonsistent anIJpredomlnate ifttluenoe Oil phosphate Jtelease. 

Overlapping of sphefts serving as a sink t. dlssoltatton 

products of ad3acent phosphate rock partlo1es 4eeNase 

dlsso1ution Rte of 1ndivl4aal particles. \«thIn tile_ 

sPhere otlntluance are contaf.ned the elements i.e. 

C butte~ power, pH, solute concentration patUen} dri.v1og 

dissolution. 

FSl4Ie sDULAnOii Ot .!2mtfHOsmA'lI: 
PNlbd.na!7 wopk dono at the me ~sted that the 

1.a1 td.a1 liAganomie effeotlwlleas of. moat phosphate rooks 

Sou.NeS are low an4 hlf'GJliol" to that of suparphosp"'e., 

Partial aoldulation is one ~ to increase the ~mte 

etteotlwuess ot phosphate l'Oeu. . 
lile ~es\1lts obtd.ned by ~~ end Ms .. woRers 

1ft Ohio (l~ and lt18eler. DGIA,. Mctdn, and Bel_ 3967, 

McLean QD.d Logan 19?O) 1nd lcate4 that tf.nel" ~ partlal17 

acidulated phosphate rook W1 th lo-201&ae1do1aUw _ BaPe 4 

was as SOO4 .. bet_p than tone8n1rPa_ s • ."hoaphate1a 

soUs with htgh 'P' SOl'Ptlon oapaolty. 

~_tean. and ~ee1.l' (1964) .. ~ that, pan 01' the 

u1dlt" produced _ UlQ dls'solatloD @f m.rm.oealclum,bespha,e 

111 ,artlaUy addulaW phosphate rock we-dld be .. waU.ad 

'by tho ~Idulated ""k. 1!d.s 00' only ~fta tile 

wate~b1e 11" or ,aPttal1l'ae.tdu1ate4 'Ph03Pbate Nok 

tNm PttlfttlOl nth substaatla1 qwmtttte'8 of II ID.d Pet bat 

addlttO!1a1 'pf eml1d be ftI1eased 10 to tile wate. solttUe 



pool t1'OlD the reaction· of aci4 ~ til wac1dulatea phospbate 

rook partially acidulated phospbate Melt prodMe relatively 

small eonaentration of ,pt in soil aol.utton theJ.'i8by 

re41lc1ng theft_1;1on of '1" by metal oxWe 'P01~ or 

1mmob11f.aaUoo through displacement OLl svaotuPal siUeate. 

Chatte?3ee,.tltlha and Ghosh (1968) aDd Chatte~3ee. 

~ and Ghosh (:ur70) tCW1d that partial acidUlation of 

"ok phosphate Wi til 1101 or Baso" NS14 td tn' ttle tol'ma.tton 

. of a mtxtare, of water-soltlble(Pcobably monooa1e1um ",hoapbate), 

ott.ate soluble (~b17 dlea101um phosphate) and insoluble 

phosphates. the P~t1ofl otb first two forms inol'8ases 

at the 193PelilSs ot the 'tv1ea1dum phosphate Wi thlnenulDg 

degree of acldalatl .... 

Iapedc (l!}S~) tOWid P Uptake by doe b.1gheat 

when fertilised t4'h roek l'hOS}'hata ac1dt4ate4 with BgS04-

The 1~ acidulated pZlCdllCts prodWJQd ettecb comparaltle to 

. the· prodttots of h1~ a.otcm1aU01'h· 

Itsbra and Panda (1009) hom thel:P ezperimen\ 18 

Bhuba __ a1* lata!is1tt soU toWld on • ., aetd solIs (pH 4,.0) 

10 aDd toss aeUulated ma1;eftals were goutP SOt1H8,B fer 

eomt am rift .. t4hen BoUa wePe limed to 1)H 5.6 and 6.6. 60 

ami 1~ ao1dtilate4 IDa_Mal9 ~fomed be~ tbaa lower 

i&c1dt4atetl _~. ~a1ao.ugl_ted tb.e use of ae1dalQted 

mate:flal wltbBaPO" fop __ t dgatiea eop and &.a 
acidulatiM t. 10111dllftU,_eIOP* 

~ (1969) ~ that p~ addtdo.U«>n 

~ 1~ either .. RaPe .. ~ ~ did not pm •• eomndoal 
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fop laterl tic soils of pH around 4.5 and wI til fa W!7 low 

cation exehange eapae1ty. 

Panda and· Mtsbra (1970) ~ that add 

la1:er1t1e sOils have high t1l:d..niJ GaJ)ae1'ty o.t 11". tfblch Is 

more so ~il onl,. water soluble tpt sour. 18 a!lP11ea. 

'fhey obtaiad lesser ftmUon ot tp. awl 1)a'ter eftlcleaq 

of mok phosphate OP partially ae1dulated I'Oek phosphate 

ccnta~a eom'b.taatlon of wate1'- solll14a, eluate solu1d.e 

ad e1'tJ1&. !nso1ab1e 8~ of p •. 

fttl.eaD md to,. (ltm) tOWld yield maponse to 

P w" grater 1T:Cn ~ tIlM from ~ ae1dttlate4 phosphate 

tttoek CD soUs of Id.!b 'P' somaptia ealladt7. 

Equal amotJftt of wate. solQb1e ,pt 111 the fOftl of 

&Paftlllaterl pa1'tiaUy aelddlatGd phosphate ~ (~ 'b7 BaP04' 

and eomMmRted ~hospbate when. &dded to aeld sol1s, 

the amoat of watleP GZWacted .pt was hi.,. 1D soUa 

.. ted witll PllPi (Mo~ _d Qb1ea ].980). fteV to .. the 

relative eft\JeUWBess of 'PAPR td.sheat iJl Old.l whleh had 

the ~ eapae1. to sOPb,'pt •. 

,Sblntle, __ til &ad PatDaD (1918) w1 til a~teer&' 

rock phospbates aoldtaaW to 'VM'loas ."'8 elth_ WI. tb. 

KG .r RaSO" an4 ~1e4 to a t1oo4_ P Clet101ea'ae14 soU 

to dee .ftI!01J total ... , .. ,,*vlo_ or 1tCl or ":a1G" 

6\0141113'" ~Ud 1B • ., .. .,.ptava11abUl\Y 1A ,8oJ.1. 

pdn yh14 ..,.. d 1"1 ... '" 'dee .. 110M or lem8 

8.U". He 00M1~ tbB, ~ ,.tla11,.. Qold\l1aW 

pho~te 1'OOk w!th ei1lher of the add8 wedd be sdta'ble 

rc'l powSq rtee U1'.rieP fl .. td so11 cod t40ll. 
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~ha (l.983) from a field ~t eondwtted 

tor 2 years 1!l an acid so11 pH 5.S evaluated the sulta1dllty 

of HaPe" or RNOa ao1d14ated rook phosphate as sou:rees of 

p 1ft wheat .. blaekpam OJ'Ol)pSng sequ.enee. U1s Hsults 

NWaled that 

1) law !'OGle phoSllbate ( wltOOQt aold ulatiou) was of 

no fertiliser val_. 
11) Ao1dulat!Ol'l at all the levels improve« ·the effecti­

veness of roak phel1'bate. 

111) Samples ac1dulated W1thMOa weft as etf'eed.". as 

tb.ose pnpard with H:tP04 at almoA an the COJllJ)ahble 

levels of aoldulatlou. 

lv) AddalaUcm.t roek phospha. to tile __ At of ~ 

with either ot the two adds was as etteot4ve as SlIP" 

phosphate. 

.04 ant !~ (1993) found groWld (-100 mesh) 

Mwmoorie l'OCkphoaphate when ac1dtdate4 With pa4ed levels 

of concentrated HrWa OJ" mGt,e acid the maanttwte of all 

the P torm exeellt total tmoaptt._ was blgbe wlth ClO!lcentpa,ett 
, 

actd.Uld.cb Is, 4u.e to moN mteu1w _emloalnao" .. 
~t maw. aBdfIC,atI\V (1983> WUld.t'II 08; 

partial aoldulattOll of ftftolV 8Ntlfttf lWitaa Rock pboS1'batu 

wi til 1t"'a ad yo" found tim, 
t) the toW ,p·o,.ten' 1ll -Sdtalated P"4_ta 

~_ wtth 4e...,. of a_tJwUoa W!th RaPe" SId 

«eoreased with ~. Elte., ws MShen 1n case otMllssoode 

1'OO'k ptloe1lhate,. 
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11) for all the Nok phospbataa theM was a 11neu 

WPe of relatlcmsid.p o~ va •• 801able oonteD.t. with 

I_Rasing levels of ao1dtlla tima wi til both the ac14Stt 

!~e rook phosphate had tOO m1n1mum quant1tv of vater 

so1Q!'ble phosPhate wi til both the ae1dulants. 

111> the 1DoJtease In ctthte soluble phosphate .. a 

oons",lCUOdy ft10lIe wlth HTfOa thaD with Ba'PO" __ ted ana 

the ~ was maximum ta casie of Mussoori.e noll phospha\e 

with bo~ the ae1ds. 

Muwaha (l984) totmd that dlttGl'eQoes in Haul. 

frOm pot tests w.ltb petta]l., ao1dJJ1ate4 phoa __ M rooks, 

could beatWilMltecl to the t1Utereuea 111 t.he tea ~ 

ae1d1il.arlt. 4epee of addt4atton. tON 01 addulate4 phosphate 

I'OI.Ib ( poutl __ cw 1hftDlata4), _ture of the sol1. crop 

sped.es uae4 f. wst and the. ft. of "hos._ app1.1aatiOn. 

tteeoae1tde4 the,toJt uplaftd ..,8 ana tor soUs of pH 

eotmd &5 with htght'P' nail'll -PUlV 10.. aetdolate4 

ft.lCik phosphate may dve optbun ?leld. 

~ soUs ba~ low'" tbd.ft8 eapaelW _ for 

t1oo484 1l'loe A s!mI1.- N8POU8 may be 01»_1_ '" ulftc 
~ addt11aal J'JrOdat. POP tile Pl'ePU'atiOD otaol4a1ate4 

rock pho •• te __ s~ .-at ~ 1lGwew. appear .. 

M itaP04 aftt rmoa-
aDI'I Arm JtlflIpmL ·1JlDCf .. 9l ,aosm PJiU!B&D • 

!beN .".- '0 be a ceun1 ~, .... 

seien'is. tta, ~k ,~tel ~ be be., ueCl 1a &dcl 

sfd.1s vileR 1'- ava1la1d11. tv lAtiMase4 wi. tdae 
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11) for an the reck phosphates tbEwe was a l.1near 

~ of relatlG..lIlship of wa.~~ soluble content with 

incwasing levels of ac1dillatlmt with both the ad4a. 
r-llssoorie pock phosphate had th$ ~ quanti't3' of water 

soluble phosphate wi til both the ao1dulants. 

111) the mORaSS in c1t.Yate soluble phosphate was 

COMllieuous17 more with 'firma than wJ:th HaP04 treated and 

the increase wasma.;dmum in cas8 of liussoori.e JlOOk phosphate 

nth both the acd.ds. Maw. (1984) tomad that dltteence 1n nsults 

trom pO' testa W'1 til :partially ao1d111ated phoSPhate rookS t 

could be attn'tmted to the titterencea 111 the tom of 

ac1du1an~. dapse of ac1dulatl0ilt tcwm of ao1d1tlated phosphate 

rooks ( potdered OlP Parmla.a), mtt.we of the soU. CHP 

SJ)8Cles ued fO'lt test and the nta or llhosPha- application. 

He OODe1udGt1 that top uplaa.d ~s anti tot- sons or pH 

~ 5.5 _til bightP' tb1ng caput", lo..~ ao1dulated 

1'OOk phosphate may gi11G optfJmlm yield. 

~ sons having low tp-t tbd.ng ·eapOOIty aU for 

t10cdd !'lee a a1mS1ar NSponse maY be obtained bV uslDg 

~ ae1tlq],atei ~WJ\. Fe the ~tlOD of addulated 

wek pho.hate thOM s~ mat p:romtse bGweve? appear to 

be UaP04 8lnil m~. 

UBWZ ,A1RBlaIg!lAL ~ .. 91: Ji9glf!Il!~ .* 
t1lere QJjpEmI'S t@ be a aeae1'al a~' ~ 

fuidentltJ. tMt rook ,ho$pha~a eoQ1d bel beDt ue« hl @;ottl 

soils vhsre 1M ~1ab111tq l~sed •• ttme 



( ~1anda1 ana Khan 19'12, ~, l.9S1.). 

HaMal and Khan (197a) am 'Hu1tdal d 1!l (lSJ77) 

found that the advantagesot applylrlg reek phosphate a 

tew days betoM SO'ld.ng ab.oH seas- OI'OPs .". be ow1Qg 

to 1 ts slow but s~ rate otsolub111zaUcm lil the sol1 

uatie7 the POSAble 1ntluence -of so11 scO.vents, which maltas 

the son sol.l1t1_ adeqUa. tell" rich·1!l available tp t to 

meat a pUt; or tpt MllPinmeflt of the 0!1)p plaDts ill the 

'Int tlal 8..,. of IftOWth. 

Penda _ Pa.n4a (l968) 1nvesttp.tiag .0 dl!'eft 

effect of raw "ok ,ho9J)hate CD u1d latenate soils' of 

Orissa toWl4 that ground 11. A. 'ft. roek phosphate of 'P1I'OPer 

t1D.eness caD efteetively be um ift add lateritio so11s 

for pmi1ng rice. 

Panda and !t1shya (19ft) wer1dng v1 th UttsNat 

sources @f ft»ek phosphates m red and la.ritlo 8OD.sot 

Orissa "~ted- in.el'ease 1ft y1e1d of 417 ma~ and optake 

of phosphata b7 ~e. 

PatDrdk, Sar~'h and ~Sde (l9?4) ~111 

the ways of 1Mnastng the- ett1eu11O? of .tuo Hit 

,o1~ ad 1$IC1~& pboaphate tor .1_1D aoid latafttlo 

s0118 to- that when. '1" 1& to be ap»1ie4 at f1004l1tlg wrd 

pud.d.'I.J.ng, It 10 ties1able t.o .se vatUl!" so1tlble ,hosPba_. 
ct.t. ao1«! Hlu.'ble pho·~te ant! l100k ,hosJmate caa 

replace va .. soltible ,bo~at9 lfl aold $OUst It ~ an 

ap,11et1Sllfftdentl11 1ft ~ to aUowC. tor U\e soU 

to "main Sa .. ~ ~1d.e e~th 
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HlDbaa ana I1ck (1974) OODe1udd tka' POOle 

pftospbale. vera m01'8 eeonomlcal thaD superphoapba_ as a 

source of tp. lD aold sollSe 

Kundal .114. (19T1>. Ddl.,. U 4- (1977) 

repopW that S01U'OeS wi til low watarso1ubllll7 peBtOftl 

be,tep at highel- thaD at low_ :rate of application. ~ 

nte fd appl1catioa of rock phosphate 11- not 0D17 hi .. 

CI'OP y.le14 a.nt! 'PI uptake at also 1m.pl'Oft tbD ava11able ,.,. t 

status otJ scd.1. 

Otaaaat.DIh aIltI Panda (1978) stldy1nc the etm' 
~ MusSOOJ'le l'Oek phosphate Oft .1_ In ae14 '1atedtto 

ao11 ot 1I&q1taD.",.. f0UD4 tba t the yJ.e1c1 tIltt..... __ _ 
GO * Pa0r/ha tbJIoqh superphosPhate aid 890 B'I p.0tlba 

tID'OtIIh Hassode .. phosPhate wen JIOtsSSDlfleant. SO 

«ue to cllttenraee 1Il eon d1Iteet applteation at Mwtaoorle 

I.'Ook plHulPbaw ray be )lftfele4 eve. sQJJeII'PhoSPbate • 

. Ba3 and Vall (lSlO) nu4yllll the P npp171nc 

GOadW of !SP _ 3 apaUUe "* pltO ... te te soy1aean 

touad ., tIP ~ hl.8h&st amomft 01 ., 111' 10ft 

eftioleDO? 4_. lQc •• l ... Uoa ~t .. I'GCle 
" . 

pHIlP_tea malaWaed tItdI-o~ etfte1aetu PI'Olab17 

aa a 1'88111' .f lIds __ "'eea P __ sea .. tentl18_ P 

... _" 1II~ .. la1d1. ro. • 
• o~ (1980) tou!1tl that " OOQ1d ,. meN 

ltaet1ota1 .. malIa a .tac1. taea",. apPlieaUoa .r IN- .. 

phosphate tIlaft mt:iI'e '"' .... fIPIll1oatt_ Sa IIIfBU. ct ••• 

a evan ... -., ... . 
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~ and MaD3W1&th. C1ge3) stwUed the 

1'GspG!l8e ot Ii. to superphosphate and ~ _ok 

phospbateoa _UtPal am Qela sons. llaapoues to Ntlssoor1e 

rock phosphate wlth _ ~thOllt lft'tgatiOB vas.s1!d1u to 

OP bet~ tban the NapODSe to SBPevphospha_ aaiI slue 

~e l'Ook phospllate Ja the eileaPest SOQfte of !pt . Its 

ue as Neommeutle6 1D aeld soils. 

[ashrat· xtunar and Dtd.ve41 (1988) 1a du4J'1Dg 

,be etteo.veae~s ot five tftdiaD and one ~ (30_.) 

rack phoSPhales as ." 801!rCe tor wheat alii l'1. Sa .... 

add sol1s toW'14 that the ,ol'd." of efteetlvenesa as 

ZordU. ?- 3hab_ ~ ~a ~ ~ ~ Puu1la :::> _.bhwI ·rook phospbate. 

II§lR!JAL mm " 
IakeJa antl BaSas (l96O) op1rlGa *t 1D general 

the ,..Usl ettoot 01' 'P d~B uPOn the taoiIrtH, total 

~, of 'P' applied, ~ an4 fnqu.Ente" 01 appl1eatton, 

pbJ'slcm1 aDd ehem1eal propoptlOD of sot1 • ~8 of 

,h8Spbate WJGt1. wea~ eonMttoa·antI UiO .oceed1Dl es-op. 

HotSda aacI Data (1971) "peW that t. aU 

the OJPOPS ... mett pbo~te. ~ hi ... 1'efJMw.d eft., 
. . 

tmm sapelPhospbata. 

~a .1.1,.. (19.) !a a &14 ~'lft 

aa ao14 soU, aP14l1'JM ftP. Tado slas aa4 "* PkosJlla. 

top a 8~' eI'OP tabn "" 8 8U00er.atve 1&d foWl! 

empel'PhOSPhata ard bado slq' Pl'O!ttee4 bljhe. 1leia b& 

Ill'S' ,.. •. t»d ftd.dua1 .pt ~.at1_ Ift.oo. .. ,.... 
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.fte. lfertil1zsp appl:1cation was areatel' fJNm nek phosphate 

followed 'by 'basic slag and 'lSI'. 

~ § AI,.(1981) ia a two yeu field 
. ' 

experiment wi ttl wheat. and mal. found that t1ul.y gMmld 

(100 mesb) Mussoo1'le rock phosphate waG s18D1f1oantl,y 

infm_ to sup8swphosphate 1n Its ¢J1:Not as veU as ~s1dua1 

efieet1veness when oompared on the basis ,of equal tpt. !lte 
. 

efficiency of tm&soOfte rook phosPhate however tmp!lOVed. 

gpeatll' at b1gb.er levels and 'When time 01' appl1.catlOll was 

advaneed. !he Rdanal effect of MussoORie rook phosphate 

meaau~.d 'by nett! and 'tOtal 'P'qpta_ 01\ thesuaeee4lng 

orop mal •• however, was h1ghe1" tha!l diMet efteet. 

Warwaba. Irt!mwaP aad 1W.patJd. (1981) studS" the 
" 

"sPOilSe ot a legum:lnotlS aDd 2 D.OJlP-1egwdnous OIOPs to 

powad ~1ll8soofte rook phoSPhate a10ae and alO1lgd ttl 

supophoQJbate. tum 'fUd ma8.tDe, _ 1ts patlal addula"_ 

with !JaPO" @ 101Z til ~ M1dl0 soil (pH 8..,). 1be ?lela 
ami 'P' uptab in aU' the crops eXcap, beBHm tncweased· 

siltllt1eanCy W1tb t-bsSool-le .. 1£ phosphatM ..,1teatloa art4 . 
the effeet of ~ly adcl1l1ateel R~Se _ok phosphate 

balD! h1gkast 8fI.4 ~'b1e to aD eqalaGse Of ap ... 

phoSl)bat.e 'both Oft the 'basta of dine' and residual etten 

em _op ",eld and ''P' uptake. 

~ ad ~ka. (lSH) tn & fte14 exp&l'imea' 

to asgsa "" teftUlacw VQ.1.- ., 1~1. rock phostdlate 

ta aa add scdl 1D Wft of tiRO' eften on S~ ftoe W24 

ftsldtJal @tteot OD ld1Ult .toe towd that althotlgb •• 



-20-

diNet effect was not stat1st1eal1y significant til. 

NS1dna1 effect as well as direct + res1dUal eftaet taken 

together as 3udged _ gra:1n yield and total. tpt .. take 

was· significant. There was praotlca11l1' no advantage due to 

increased fineness of pock phosPhate beyond 6'1 mesh. It Is 

sqgested that in assessing the fertUizer value of rook 

phosphate 1 ts residual effect mWlt be taken into aocoat. 

Delmath and Basak (1984) ill a 2 yeu 1'1eld 

experiment 1ft ao1d la_aUe soU in rlce-wheat-greengram, 

OJIOpPing' found that neither pUNlla rook phoSPhate. ftOJI 

rihssoorle rock phosphate D.01' Tata basio slag was effective 

in l~ea~ yleld· and Puptake 'by wet land rice CI'OWll as 

the first crop. but peengram responded ta\fOU'rably'. 

MilsSocwle res phosphate awl 'baste slag were as etfeetive 

as superphosphate. 

Maw. (].98G) 18 a 4 Yea? study wi til whea' al14 

soybean pown 1!l11OtaUon 1ft fa. .cla7 loam acltl alUn1 

fOund 1mssoorie rock phospb3te to be an .meteat phoSl)hate 

oarl*te •• A s1q1e hea.",. dose of llppl,lcaUoil tbrotiBh MUsoode 

l'O. phOSPhate oaoe iD 3 or 4, yeus to the fust orop ot 

the IOtatlon was fOQnd to be SllPQ10r to fRCI1lell' applicaUoa 

vlthsa11er doses WheftadJa.41e4 1. te11Dl3ot _atift 

apoaomlo etfeotiveuss M4 total tp. uPtake. ites1d.ua1 

effect of rod phosPhate was gNat_ thtm su:pesrphoaphate 

wb10h beemu espedally marked af. 2-3 yeaN of al'"ltcatloa 

i'he avaUa'bte Utefttuve RVlewd, clearly 

Smtleate that FOd PMSPbates aM 'POtential pMS'Pba. 
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cawie" tor direct appliea tion 1n acid s011a, and since 

they have direot etfect on the first erop and lles!dual 

etfect on the SllOceedlng cropSt the:!.r application in add 

s011s are advisable fOr phosphorus econam,y. 

UALUATION OF SOIL 'lESt !§THOD lOB PgDICYIl!G tpt AYAILQlLUJ 

Various ext1taotants haW been recommended to 
measure the ava1lable ,p, status of so11. Man:y workers 

have' invest1gatedto find a suitable method tor tile purpose 

and have suuesteci different extractants to be used 1ft 

different oondi tlons but an exQtaetant Is sui table when the 

soil test value well eo1'M1ate with the yield and uptake of 

Butt-Iant. by the crop. 

In most of the soil testing laboratories Br.,..s-I 

method is recommended fop acid s011s and Olsents method 

tor neutral and alkal1ne s011s. It is ts-ue that none or the 

ehem1ca1 methods Is suitable tor all we of solls. 

Bray's-I and KUI'tz (].945) develOped .. 

exa,.aoUna· solutiOn containing HaJ. and mt4;'" ~M svoag 

SC)].ution .onta1aed O.lm HOl-and O.03N m.F whleb is Bay· .. a 

extnuJtant and 0.0281 Bel and O.03If -4' lmGwn as Jbta7 t a-I 

extraotant. 

Olsen i.l.ll.C1.9M) s-eported that 0.0 .11003 a' 

pH 8.5 has been to_ to be an tmpOJItut aIld useM metbotl 

for mesuJ1U'1!'l1 a'ft11a'blesol1 phcephoftls. 

Ghosh (1961) •• porW01sea awl Dray ... ! method 

to _ sQ'Pen. ow:r othw _thods 10 ao14 lateli" 80tla 

ot Orissa. 
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carriers tor direct appliea tion in acid s011-, and sinoe 

they have diPeat effect on the first erop and l'e-sidual 

effect on the sueceeding crolls. their application In acid 

soils are advisable tor phosphorus ecoA'lOml1-

IVALUWOlV OF SOIL TE§1! METHOD FOB PgDICTING tpI AYAnABIIQt. 

Vari"us ext.hctants haw been recommended to 

measure the available ,P, status of so11. Man:y workers 

have investigated to t1nd a suitable method tor tile pw.-pose 

and have Sl.1.l8este4 different ext:raetants to be used 1ft 

different condi tiona but an extractant Is sui table when the 

soil test value well eorre1ate 'With the yield and UPtake of 

Butrient. by the crop. 

In most of the so11 testing laboratories Br8J' t s-I 

method is recommended tor acid s011. and Olsen.ls method 

'tor neutral and alkal1ne so11s. It Is true that none Of the 

'. ehem1ca1 methods 1s sui table top all type of soUs. 

Bray's-I and Ktmtz (].946) developed two 

extra.ot4nJ· solut1Ort containing HaJ.. and NR4F. fte strong 

'solution contaiaed O.1N Hal and O.03I1l' WI"P wId.a is Brttl't a-a 
extnctant and O.025N Bel and a.03N -4' lmown as BJtqts-I 

extl'aotant. 
Olsen. G J!l.(19.64) l*eJ)Orted that O.IM lta1loo3 at 

pH 9.5 has been tolUld to be an important and asetul methott 

tor meaSUllil1ll available soIl phoepl'loJlltls. 

Gttosh (l.988) peJ)Ol'W Olsen aM Bray· .. 1 method 

to be stlPet-lor over otheJt methods 1ft acid laterita 8011s 

of Orissa .. 



rook phosphate in add laterite soils of Orissa reported 

that OlH nts extectmlt 1s highly suitable overotheJp 

methods tor add sol1s. 

Laxm1nan.tdnlhara and Krlshnamoorthy (19'18) toW'ld 

Dray's-! extraotant for rea aad blaok soUt Olsen and 

Bray' s-I exwaetaftt for alluvial soUs are saltatite tor 

exfiItactinc avallable 'P' tor paddy. 

BamamoOl'tby and lIasan (1919) reported that Olsen's 

tpt gave higher COftelatlon with J'leld of paddy ana 110' 
related to tA' value and BPay's-I gave stsaU1eaateone1a­

tioa with yield of wheat_ 

DhUOll .11 14.· (1979) f'0Wld that Bn?'s-I lave 

poslt;1ve alld ·b1Ibllr 81gn1fteant ~at1on with l'1e1d and 

.. taB' parameterot rice aJ.1d. ~t ·than other matlloda. 

Holto. (l98O b) toUDd tha, wi til lneeaE4 qg SOll t Pt 

bUtter oapaclty theN 1s CQft'eapond1ll8 de ___ ill the 

PJ'Oportlon of IaWe tpt takea uP by p1aats~ He sqgesW 

that a satisfaotory extneta." shHld also ."'., a po.UOll .. ., 

of laWe'" f am N1lO~Ua3' !N.y'8-l OVel'GOttiPemt.te to. 
'I. . 

s011 tpt tmtter c:apaott1' Sa son with low p1l. , 

t1bamtl and 1bum146 (1980) totm4 1n aot1s VU'Ylnc ta 
c' \" 

pH 4.:9 .. 7.4, P ext:ftcted W the BraY's-J: and Olsen's 

methed was equa11?sdtable loP eatt-ti:cm of avai1able'P" 

In these sOlis. Rowe... they (1)8eve4 ta SAte?48P8!dea_ 

of 'Pit. onanto _'uP .. teat awl '01~ (tOftten, ad thdtt 

efte!Jt$ ~ the extl'aOUOft .f ava11atile .pt. 
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Panda and 141shra (1970) WOJIldJag on at111satlon ot 

reek phosphate in ad.d laterite soils of Orissa :reported 

that Olae n·s ex_actont 1s htghly Sllltable ever otu. 

methods top aetd ao11s. 

Laxm1~ham and IP1shDamoorthy (1913) toU1'ld 

Bray's-l extraotant t. red and black soUt Olsen aD! 

JiJraYts-I extRetaftt for e11u.vlal sons are Std.ta14e tor 

extraotiQg avaUable .pt top paddy'. 

~ and Hasan. (1979). reported that Ol.sea's 

.p. pve higher cowelatl_ with J'le1d 01 paddy an4 _, 

related to tA' value and as.,,'s-I gave siSDf.t1eaateone1a­

tion wi ttl yield of vb.ea t_ 

DhilOft .I..\!Al. (1919) tOW14 that ~· .. t cave 

positive a114 highlY' sign1fteant oouela.tS.on with 71e1d and 

_take 'parameter of r10e and ~, than other methods. 

HoltoN (:uJ80 b) toUDd that wtth lDONaS1l11 sotl 'P' 

batter capa01ty tileR is ~epcm.d1r1l4e0RU6 lD the 

J)2'OJ)Ortton of labUe tpt takea U1l by p1aft'S~ He sdUesw 

that a satisfaotory exf:Reta..l'l' shot4d also ... , a PGl'ttoa .. . 

ot laW.''', and nporte4thatBPay's-loveoomp8118ate tOP 
'r~· . 

s011 t~f btlfter eapaolt7 ta 8011 wi tb low pH. , 

SIlal'ma and ~b1a (1980) fotm4 1D 8~8 ~ ta 

pH ~9 ... .,.4. P extJ'aeted bv the Bray-tawl ana elsea', 
methOd was eq.u" su1tahle toP eatt_t1;oa ot available'P' 

m these setls. ~. theV o'bsewd tall S1l~_ee 

of P'lt orprd,C mat_ a_teat &ad e1a.v _ten, am UteSr 

effects ~ the __ eUDa Of ava.Ual)1e tp •• 
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Bl4da:pa AlIl.(J.981) Jtep~ Mgb ~at1OD of 

Olsen's available tpt with diffeJ!eftt f.norga1e tracti.ou 

am J)pOpOse4 Olsen's so11 .t;en method to bawllable tor 

evalWilt1onot .pI nqdwment of ftO$ 1n tlGOtted SOIls. 

Yost am rr~tk (l.992)eompa:f1ng attterent 

extraetants toP soU .P· towd that double acld o'U'erestlmata~ 

avaUable t P. wIleN rock phosphate had beell applied and 

that .pt aw1labU1ty was bette~ assessed .,. O.6M llfaHCOS 

and Brayts-I method. 

~ma and i',dpathl (1984) 1ft a st." OIl the 

1wU.ces ot 'PI availabiUty In SOBle B1ma1ayan ao1d soUs 

foWl« that Olsen's ex.a.otant removed mOst of Its 'P' "'om 

the At-P traeUOl'l followed by Ca-P fracUon.Jlta:r's 

p~gre deftwd mainly fltom Jl.P to11owed bY If..-P and 

aa-P fJlalmosl equal ~.OD.< 

~ aM ayer'. (lS84) to_ the 'bets. 
pJlOltlotlve abUtty of the Bravts test with soU reeelVlrag 

phosPhate !Ook a.tmea!' to Nsult fgom the a1d1l\7 of the 

~tD'e to exWae' both UD.Na4taa 1)hesphate ·HOk *oh 18 

liksl,. to dis_l". 1ft the short tum. and a .... lle4 '1'*. 

Pow fJdtial ,.-toftftanee of Olsen's ~d .. was towd. 

SO m sltuaUou who:ps ~tea J)htlSJllata Mek COD.l.tea 

aliQlftcanU,. to plau.t aVilla'b1e t.,t 1n the-11 a_g_ 

wheN pOOtJl'lmte :roek app1ie4 Q1'lmJaUV _3 Br&.V'a poeedDM 

avPUN to 1» the moat efr.ttw sOU teattog "nodRea 

.. I a 



CHAPTER-III 

MATERIALS AND METHODS 



aBmWfA4 8m • 
~ tdals ~.e. ~ia1-Ba. and Mal-Ba __ ebadaoted 

in the 'D' block ot the OentRl !casearcb staUoa of the 

Orissa md.verstqr ot' AUPleu1tUN 8t ~,Btm1la1teswar 

wbiob lies ~ longitude of as048 t B and U·.'B aid the 

latitude ao"16'11 ad 2O~"1tm • 'Jhe 8WlWl1 ftlntall of the 

aNa is 8?oWld 1600 mm. 

4fhe trials weN COft4Ueted 1n me41um law'!. Die soil 

Is laterl t4oe1asslfteCl as Ha~ts. !he eapedlliaDts 

wepo daslgned to study the tiHo\ anf1 NsUua1etfecot or tile 

~ phosphatio tenutsu mati&1'l.a1s derived fftm the 

partial ao14u1atloa of ik!soerle ~ok phosphate. few Moe 

baSed ~tJII systems. ~ a~ats wen camec1 .. 
1D the same· fields f~' tvo seasons i.e. ~t and swmaer 
season of .tb,e 79U' 1984-88., 

mgsmgSI asrtmqII!91 iii .:c.t!IAY t 

tft the_ ... fie14 .tala tAle ma1n pltoapba. 

eaft'lalt 8S th8 i~e rock l'hoaphate aAtt the 0'" 

~CGS WI'8 ·1Jle moftftd PI'Ot1WJ.ts 4mvett fHm .. paptb4 

4uddatlaU- of the ~1I8_fWle NOk phoobate. tdplefNP.'­

l'hosphate was takeD u tb.$ .~ phoapbatte feJitlUs_ 

t. ~aoa. Yhe aefidls of tile .pt 8Dvees ... an 

as to11am. 
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1. Yr!:ple superphosphate (~ted) 

a. l·ft (rtassooztie phosphate roe-fb1.e1l' gfOUftd). 

3. ~C (llJssoOrle 1)bostmate ftok-ooneeamte4-
, f11ila1y 1fOW'J4) 

4.IF.DO-aol (lhssoorle PI- KlntfJl'QD1l1atad with 8.]$ 

Bast)" ~) 
5. IFDC-4OO b __ arie ,~ ~6ni8ftml1a.W w1th 7.n 

1!a~ 4 bli'Il'le) 

6. X1/Di)IaGOS (MusSOOJt1e ~ ~all" aeidtilate« wi'lt" 
B.aS0.c- IftIlQla. ted) " 

? mo-,?Oa (MIlssocm.e PI- ,aruQlly ae14u1aW wi. so,; 
RaPO.SMwllatea ) 

8. Il"OO-810 Oblsoor1e PH- ~te4 addalate4 wl'" 
&01' Y 04- ONtmlate4) 

9. IrJ)()aSIJ! (M1lS8OO"le PH- CODcerlbated -PdUal1y 
acd.dulatea with ~. y~ bamIla •• ) 

10. ma-1l3 (Husoof'le PH- eonceabated- '-tta11y 
acitta1atetl with -JC BsPO.c- ~ed) 

n. I~816 (Muscoda PI\- IVtlall1f eeldalaW wl~ 
86' BaN~ GhmilaW) 

'bt cbGmloal ~ttloB of the matadal ·bave -­

pnseAted to fable-I. 
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raMrJ-
Chemical aomposlt1.of !·1tIssoorle; ~"hosphate an4 moUfled 

~y ae1dQlattad ppoluns • 

( E1tpHsse4 In wt. ~ ) 

ai.~ 
I • J , I 

SO.-S I s.s-
I 

e.s. , (Ja0 I 

I PaOs I PaOs '.°5 
t I 

If 

l.liPR 18 0.2 0.7 41.1 2.6 -
a. IFDO-301. 16.2 0.& 0.8 36.3 1..7 7.() 

3.IJ'l)O-4OO 23.9 1.4 6.3 39.8 ]..8 -
4.IFDO-aos 14.1 3.0 1.7 alA 1.0 -.. 
5.IPDo-m 31.3 14.8 4.1 31.a 1.. .. 
6.IFD0-810 18.a 9.0 1.0 sa. 3 1.1 30.7 

7. D'DtJ.912 36.3 20.0 1..5 38.4 1.9 ,. 

S.Il'DO--113 3I.a 7.8 4.3 40.0 2.3 ' . 
9.me-ft6 •.• 6 3.6 8.1 sa.S 1." .. 

•• I ! , I I F • -I - f - S 

rf.Bt- AU the materials and aftalytioal data flave beea 

~e{l_w&:. 

-
0.1 

0.3 

a.l 
0.4 

3.3 

1.$ 
0·.7 

1.4 

,. 

tJdp1e 8QP9pphospbaWtakell a8 the .~ 

ahosJJkatie ,..tllls_ t. ~smCOtttt;d.as 
t" " IT 

~W'aOs(~). W.-a. p.CS(9t.01& ot total 'aO.), ' 

C.L 'aOs (O.~ 01 taW 'gOs" AVaIlable 'PaOs(99 .... of 

.tal 9.°6'. 
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fttAL -~ 
r·. ,. , 

. The· experiment was desilt'lG4 to evalua_ tile dSreet -aatl 

residual effect of the phospbatle tertlltae!' matefta1s 

cieri-veti h'om tba partial ae1dulation ot~bsBOOJt1e __ 

phosPhate for a~m UO"ing system. !he-trial 

waSCO_lIoted In a moderately add soU of pH 5.8 ad of 

clay'l_m tca'Ul'e. lrd tlall-v oomposlte soU. samples' were 
oo11eoted flaom d1tterent 1oeatlons of the fteld tor 

abuaoterisaU01l of Ute SOil. (Details of seU oharac1;erl­

sties on ahap_r .... IV ). 

iJalUtlml ot PJ.nt!.t .feet; 'RaId,. M.~, 
,~-DIMlIIom 1 

JU evaloat101l of -the fl1reot eflee't of the 

parttallyao1ddlated !.fttsaoorte rook phos'Phate proifaeta, 

ri._ crop was ta_ 1ft the ldmrtt· season of the yea, 1984. 

HlIb 'yle14. paddy variew PRtap (OR-1Jl-s.1) of 4uatl_ 

126 ~a.ys _s ptMh 

-!he details of the- phosphate treatmeats or the 

esp_maRt .. as to11owa. 

11,0& __ Ati 

'l1 

ifa 
fa 

'" " 
'0 
'I, 

. ClDWol i.e. ao 'a06. 

40fc Pa0tfha ~qh - • 

aorc pactl- fI •• 

120fi ,.o,ta" •. 
Aftif,oz .r. G_-_haa -. "~-1I_t... Iaft"'~_ 
~ ew-~~ H~ 

~ '1-"'_« •• aB-
11J) ~ 'afJ,f- tl 



iIl·p, 'AsI_' 
Ys 
~ 

'10 
'u 
~la 

~ 
Y14 

1l.s 
1i.6 
~17 
Y, 18 
Y1' y. 
~. 

18J 
iJJ diP 
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PgJlgu'laa.a( _ ... 

~ 'aO'- tlWOQgh ~7m! • 
8Of!'& P.O~.IH U 'Q • a fI-
JS{fIgPa°,/ha Q •• 

~ '.0,/'Ja ~ D'lXJ-1l0 • 

~ p.O/. fttl'. 

l.IOYi PrPt/U U ". 

401t PJ'tI- through ~ 

-- PaO,fba 0 ". 

120' PaC'. a It. 

4Ofc' P10r/ba ~ D'1lC413 • 

~ p.0alba tbrOUSh .D'IJfJ43a • 

1IO{q; Pg0,/ba tbroQlb ll'DO-813. 

4OBI: Pe0tfba tduough IPDCJ.81e. , 

~ 'sOlba If ft. 

~ '.o,Jba" •• 
, .•• !! I ij' i • I,' I - .• . " 1 . 'I" -I I' .! 1 lit: ft " [ Q' , I 

PI""" AU. ~ sa _.tmellta vue a110aatea 1n a 
Pftfl4aaise4 ~. 140* a_teat Ja1tq IfOM 8II1Jp1o\ dae 

4M x • an4 ",lleaW tbdoe. 
"VJ!PV41J"'f;lfP1 .. 

36 dC'S 014 sead1tDIs of .. do.eV&'fte\Y' '-. were 
trauP1aBW Oft 17 .... 84. With a spao1al of 1Icm • 18 om 

cl111Dl 31-4 seeaSngit/hlU. 

1b all .. tNatrileftta - ..... was appUet (f 7StIba .. 
Ji8JD1f)t.d.um _,.- laS ep1tta w •• " 'basal, at ftaal PlI4d1tQli., 

_. !II dan aftejF ___ tlaI,. aid tbe ~ •• ', 

tt days batoN __ • tal.atl .. 
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Potash vas appl1ett i~ GO Q flaOllJa as Muriate or Potaall 

1ft 2 Ql,!ta i.e. at the tim of final puddling awl 10 days 

'betore panicle 1m tiatiml. !foft!!al plaa~ proteeti_ meastWeS 

WN taken. 

~ .. 
Ywo ad3aoent MUs frca eaeh of the 2 ~ (1eavlDg 

the 2 bol'de rows) wre eo1leetad at pmde1e Wt1a.Uon 

stage and dried under sma and then 1Dsitte owa at ?GOe an.4 

preserved. 

b (tltOp was huvested on 18.11.84. let area 

baltveated 9.1 x 3M • ~ was "shed ana gMin y1el4s of 

1n41v1d1la1 sab-p1ots llf9Pe n_pled. 

StaPf_ son &ampl" ,.e ee1lee~ alter banest of 

the <WOP. by taldag S OG1.'eS hom 'ea. SlltJplot __ G011 ~1e 

tu- .. 
~1al-B;L (~ 01'0P-G~) 

. I a J I J n 

I_gat!. PI· "MB1. mma • 
»W the GValf.I~'t4on of the Hddual etteets of the 

, jJh.o~t1(J te~ma~s a~lled 1ft the ~t aeasea 

to. the Uoe ..,. a sMGll4 enp of ~ wu taken 1ft 

the summett ~ lQ .. -- sub-plots, tB the sam ii_lilt 

as 1ft khaYJ.t 88Q" ~am vaft.ety ~ 19-4 was povo. • 

• "I_st .. --
ffte _sib. ~ sown 00 W5.3.M b t~ at a depth 

o~ a.6 to s. (J asv~. - twJtUtatB _~'lon ._. \?U 

8Jil'1fIk;14d. 
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bee'" phosphat1.e tertiUseH, Nltnl- @ ~1Ia 

Oaldum AmmO!d.um NtWa_ ana Ra0 @ aotIha as Htidate o~ 
Potash weN a~lle! as basal 10 tAte fUr ... be1'oJte sOWll1g • 

•• opop was lrrtaated __ after· 40 dill'S of ~t1en 

10. the GOWRns stage. 

Plant samples WOM.uected.~ 2 __ (lea\d.D8 
, . ~' . 

th$ bode. !'OW) ... seotiOM f~ each nw weM sampled 

by .. ~ the __ •• !he pl., samples ... · ftftt 

dried ~. tbe 81m an4 thea .1n the OVea at 10°0. 

the 01'0P vas lla'nestad ttl ~ the 1)U1e.4 ....... 

to s.a.as. Net ana bawested was 3~f X til. "fIt$l ." pOcIs 

" .. ploW. ad tbl'eshe4 ,..~. of J'le1d. 

At.!.' haIPWS' of tJte erop SUPface sot1 samples 

weN colleoted by tdiag 8 cores ·fNm each .,,10'. \9 soU 

sample tabe. 

tM ~, was dUlIllld .. e.val •• ·the au., 
and .sldual etteot of ~ I'Oek PhoaPbate .Pliett 
el~ as _it 01' at .. ,artlal aol4C11aUoA·" a BS.oe­

GJ.tcMJrlt1adeJI8PPIDl .. tet. .. eKal waa aoaItlo'*1 IJl .. . .' 

aol4 SOil llavi. pH a.a att4 01 ell., 1oat1J --- lat."aU? _1. ·soSl8l1ll'1. WeN .n.ted ~ .~ 
1 ...... f tile f1eM ,. ~-ttft of ... ..u. 
(.taU. ot eot1 ... ...sstl.e Oft ~IV). 
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IifwttAXlOI( PI' •• a: IIZWI • 
__ •. 1 ........ 

F_ evaluation of the d1Net effee' Of the vuto_ 
. 

phospttatie t_~_. _te?1a1s 4_1:9'a. ,.. MtlsSOOfte I'Oek 

phosphate aGe was taken lD the lbutt seasoa of the~ "ear 
1984. 

1f1Ih l"le1alfl1 JJ&tMF Ya.!'ietT Plstap _s ~. ".. 

deta11s of the phosphate tnaiaeats of •• eapel'1m.GD' aM 

as rouovs-.. 
,,8(_­

"1 
fa 

Ya 
Y4 

~s 

7. 
17 
'l8 
~ 

\0 
Yu 
~ 
\a 
\4 
\a 
'i.e 

!tnIaJa. pf . ." .. , 

C01'ltNl i.e. n.o P a~ . 
401il p.0,r- appu.G4 ...... SP. 

80,,'.0'/_" ft. 

UOIi P 9°,/- a 8. 

4M '.0t/- applied tWOtlIh MPR., 
__ p.O'/_" ·If .. 

~ '.0,/"· .. . 
40Ji PaO,. applted ...,. ..... 0-

~ ".0'_. . .. 
U'Dr~ ' •• '/." • • 
401t '.01!J'ba ~11G4 ...,. ~. 

801i .,.0'/_. • . 
1ID~ P .0,/.. tt • 

~ p,o,p:. appUe4 .....". J1IDC-4OO. 

__ p.oIM tJ •• 

~ 'e0jba. It. 
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.. og~* 
~7 

PcUE'u atfDItagg' 
40~ 1'aO,- applle4 ~ lPDO-60S. 

'118 ~ fi'a0r/ba -40- .. • 

'rl.9 l2O~1 Pa0e/_. ". 
'rIO ~ Pa0,fba appHed tbJtoUgh DDC-818. 

1ft 80lfg Pa0,jha ft 0 • 

'faa l2OF~ Pg0t/- 0 Q • 

'fa ~ P g0tlba 8-pplleCl tkt-Oagh IF.DC-?Oa. 

~24 ~ p.o,{ba tt ... 

. !as l.IOr« 'e0t/ball ft • 

• u , -a In ., 1 m r I 1 I I L I. L.' 

AU the as treatments wre aUooaW l!l a 

'. nnaomlsa4 OOBTtle. blook dedgB hav1ni cross aabplot alae 

4M x a~f an! repUcatet1 thPlee. 

SJII,tamallDl»M1 t-
Dilrtyftve days 014 dee seetUb8s of varlet,- Ifttap 

WR WaUPlaate4 Oft 10.8.84. otheP cm1tval praotices all4 

_~ of plaat·and·soU samples a. same· as is ease ()f 

,.w-l'\(~B1-).' Ble CWOP vas baIwataclOft 9.11.84-

.artoP. was ~ aDd INIA y1e1tls of latU'Vlduai SUlfplo. 

weN NQOIt1et1. 

flllAL-Ss (S~ 8OJ' .. GJ1OWI!- ) 
. ' ,,.. U I 

j F .. -' 1 II ,r;, 

bt1aH1- at .PUU-' "'t,t t 
VOl" .. $V4111lt4on of the Wd4ual effect of the 

phO_.UO f.ttlt., matetWs 'a~td SA l4l.stseasoa to 
the .1_ .'op, a neoatl .-O •. md.\I\ vas taktm lathe 
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summer SQaS01'l in the same sabplow In the same tlea1p &. 

1n khaPtt sea,son. ~t yaPle" Am-la-a4 was taken. 

nat,.," pu.qt4-, .-
file ~t keftlela wen SOWll on s.a.8& (I 31Wba 

at a .~f)f gO ams .1t tt) _. ' 

_..,_ ,hosphat1e teriWsers, ra,",_ @ 20fVba 

as Cale1um AmmOftiur4 .tate and 'Aa0 @ 40YUlJa bas M_late of 

Potash vaN appl1ed as 'basal!a ~ bei'OPe s0t4ng. 

~ti_ was faet11tAteti ." g!ftill a 11gbt 

f.rri.«atitm an- sowinI. The CJMP was Imp'eeI tbrloe \lur1ft; 

'the powth ,arlO!. 

IrJDltJ,Sac ,-

J'OtBt lllaats were .ueetett ttom a l'O'tf$ (lea" ttl. 

bo1'4er I'OWslwha the plants WPe about 4S daJ's 014. dried 

WId.- SWi and theft b the Ovea at ?fPo. 
b UOP was ~f)te4 ot'd.l8.6.8S,t uta a ., afta of 

harVeSt ll( X 1!J1. The ped l1e1ds waN RUO.aat.· 

ftve CJC»1eSllrtan samples were collected .trem ea. 

tlulbplotbY .u saJftPllq tuba, toUowbg Ilanest .t ·tbe ,O!'OP-

(A) _*.~'D !IM@.-"t ,. _ii§"!.I .... 
!he samples eo1l4eted ~ at. dft..etI oou. 8h34e. and 

~WId Wtth a wooctGB ~r and a1l~ to pass -"USb. anra 
dew anti sttwed 1ft .,o1,.thyte- "a.'. to. ~ anal.?Ii&., 

1ifAl. J!Ia1ut, I 

.. moIs~ ,..a.$ ~-~, ho1allq -pad" 

~ 4~~ sa ~Oft'e4 W P1pe~ (2960). 



.. 34. 

E~eal ualys18 of * ·soU was 4cme ltv tlle . . . 

method 4ewlopel _ DouyouC6'S (]96g). 

The pH of 1-1 sotlstwa .. am _n. O.O]H CaOla 
8WBJtQtd1mIs weN mastn.te4 by uslal DldW pH me ... 

• cation excbrmge eapae.1ty tf.U 4eta __ .,. 

leaeh1ng the scdl wlt.b neut:n1 -mal ~_ acetate 

(Cbapmatt,lS6&). 

Oqaato ear'bmil was t1e~ .. WalJd,ey and m.&Ok 

method (lB34). 

mxcmalttl8 u141tiy was 4eteR'4_ .., 1~ the SOIl 

td. til llf KCl aDd 14tratbl .. leachate .tIl staDita1d .011 

as deMJ'1M4 by MeLeaQ.19GS). 'SKcthanseable A1 was .. te.rm1ae4 

___ ding IfaJ' aD4 1Jaek Utyat1ng with sta..~ a.· ~ 
able u+ was ea1cu1ate4 fRm dU-I_ .. ~ tile .w excJtange 

ae141ty ad ~.e Al. 

PadOD ~, vas Pl'GPan4 "" tustDS 0.. .. 100 meall 

·soU saqt18 with 6-51. lfagCOa '" means· of a plattmm eJ!Q.e11l1Q 

fOllawlDl£ the metllod leser1UJet1 by laeks_ (l96I). 

·total Pee0a tnm fastoa .. aet was .sUm.4 

~.uY' '" UGi aodium All_ate bv the -_cd 
.veate4 ., kG" (19U). _tal. 4a0a watt eatlmatea 

~tdoa11., udng 4111Dtnm1 --. outUnei 1J.V 
RDb!DsOa .... (1180). 

'lOtal pM."'. of ate aoU vas 4e~ "" 
dlPSt1DI •• SOil wit' 1Ieto. _th04 of 1To1lt atd , ... (118) 

as •• aelb1d • I .... (".,. 

,..ua1J1e.,t of soU vas d.teM~ wdft8 .";'. Itiltt .,.,._.1 eatnotaDtt fo11tJdlll ... 1'0084 .. ----.. ." 

~C~.)i. 



(3) PJrAffl ALl4LXSlQ 

Plantsampleseol1ectea W8H dried in aD -oven at 800e 
and the dry weights wen taken. 

PlaDts weN tvthep dftM 1n en oven at lOtPC to 

facilitate grin41Dg. 'lhe plant mate,..Ws Df each Veatment 

WeftJ theA ~ sroaad with a meebanlalgp!.Dder fitted 

with 40 mess sieve and 8tO* In alund.D1um eoatdneH ter 
. . 

ehemteal ~1s. 

Plan" samples of 0 __ ~ takea m 100 m1 eon1Dg 

eonl.u. ftask aWl 16 d. of ODftoeatalaW &10a was a44e4 ana 
kept ORr nlabt. Tb.eD it was bG11e4 .. a het pla_ _tU 

bJrOWft tumes _balded. 1'1_ at_. mSxtu:re of mt03+ lIClO .. (3t 2fttlO' 

was ad4ed awl bo1led Wlm wbtte flames aeewmJla-te In the 

flask. 1\10 m1.of • mn was a6.4ed tolloved by aOml othot 

d1stuled _ter al1d tutaYed to 100 m1 volumeWlo t1aak -shlDI 
with water aad the t1oa1 volume _s made upte maR. 

Five ml.ot aliquot was taken tn 2S 114 volumetRe 

flask and S .... of ~um vauadomol:"ldl0 sdlut10n _s 

added aM_' ft.J7 30 m-tes tor eo1mtr tiew1OP1l\9n'. Them 

volume was ·made UP" as ml. '!he d .... 01 a~1Jaftee was 

_~Q' 490· am. _velengtll 1ft a eo1orS.metel' •. WJiag 

standp'1tads of 0,2,4,6 and 8 ppa-

.. flab _.lfted both mm the'dlfi4oal analva1s 

.an« fItOm the tt..eM •• ~fttl weR staUatlaa1t,. dalyset 

top _wo1at!Oll (lMmel-' aid ~lf9!s of VIfta ... 



CHAPTER-IV 

RESULTS AND DISCUSSION 



!eao Dlals 1.a. Mal-~ aDd ~-Ba WR 

conducted to evaluate the direct aDi rasldal ettee\ ot 

various adtt1ei1 t 'partially ao1dulated prOdllc.ot Huseor1e 

l'Oek phosphate •. 

_sal ts of the p!qsieal tm4 cheu4ca1 ataal7SG$ 

of the so11s of the ftelds when the ~ab W8I'G 

eodueW have been ~sede4 iB .11..-. . 
8011 ~~uas of the ~Ba. ~tal atte • 

• L 1 J I' . E r IE, , '"' i ~ .1 II. I 

•• me.doal aa17Sls sh.ows that the soU la 

ot o1ay loam t&~ with as._ olav. It has SL-09h vate. 

holdiDg eapadt:r. Chamtca1 waa17Sis of thesotl JeVea1a 

tbat the soU has a lOll atl_ aehange capaeity of the 

ordu 9.·2 me/100s. 9le soU. Sa !IflOttefttely aC1~ With a 
pH ot s.8 am1 ~ aetd1tl' 0.11 me/100&. 1Ile 8rd1 baa 

13.~ sesqutt.mt4e t4th good t1atnl 081'&e1tl" of phesphoPu. 

Avdlatile P .late 1. 1_ and ~e ~ CIa.' is 

ftlso of the low level. ' 

sou. ~t1_ of a-~ .. .,.PlmeaW _.-
I' . n f' 

!he meebadoal aDalysls sboWa that ,be se11 1. 

@t s11tif loam ~ with ao._ of ela? I' _. a __ 

b.GJ4iD1 atJUl 'Y of SG.o,(. CJl.emtcd ~sls of ... soU 

~ ., the sot1 htA a low eatl •. ~ apaoS.,. 

ot tbe 4W4_ , •• ~. !he sOU 11 ao1dl" with til pi 

of s.a aa« eMhanJe actd1", 0.16 ~ ~hte Al 
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3able:2 
ltesll1ts of Phlrstea1 ana Chemical Ana17S1sot SoUa.. 

::·1 Pal'tleu1us Qf 'Ana17B1s ' I ~-l\ ~-U; 
, [ I I I I A' I 

1. ~ea1 iM1ysls 
(a> Saatt 
(b) Silt 
(0) alaY 

2. 1!extual alass 

3. r~tlIre peeentage 

4. Water 1to1d1n« capao1t1! 
(Oven dI'Y bads) 

s. Pl\, 
pHs 

s. Cation ~-Pae1ty' 
( melloot) 

~ acidity (_1OOS) 

(a) BKchaDIealJ1e 4+++ 
(ll) :J.iBl'IhaDg.1i4. If' 

Seaqtdoxl48 ~tase 

(a) 1btal ,..Os ' 
(b) _tal dmOa 
(0) !ota1 "'t0a • AlgOa 

OJcade ca1'boa 

1btal soU '1" b peeeatage 

Available· soU'" - ma 
Ca)01seDt e 'P' 
(l) )u.a,. .... J ·t", 

51._ 
17.34$ 
25.16~ 

<nay'loam 

a.16tb 
39.0_ 

5.8 

6.4 

9.9 

O~U 

0.02 
0.09 

. .,. 
B.~ 

U.351i 

0.40$ 

0.018 

'641& 
15.~ 
20.~ 

Sllty 1eam 

2.Q1I 

30.~ 

&.2 

·4.7 

7.9 

0.16 

0.08 
0.10 

.... 
9.a. 

lA •• 

0." 
0.021 

6.0 

4.$ 
" j )11' If If' I III r . II rnll'-' 't-' •• : LUI8QifUf..,JilMl.1 -ill" '11 Ii. JQln ' •• "l't n .!it iill.,~,II.'I. 
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:ltMs:8 
Desalts of Physlcal and Chemical. Analystsot SoUa. 

2. 

3. 

5. 

6. 

Meckaft1ea1 Analysts 
Ca) salld 
(h) SlIt 
(0) ClaY 

~al alasa 

!-70istve pecentage 

Water WdJ.rII capaet_ 
COven dJ.17 bads) 

pB" 
I'll. 

Cation ~ eapsetty 
( mell00.) 

~. ao1dlty (meilOOg) 

(a) 2Kobaqeab1e 4+++ 
(1») BB'tdIADlea1:a1e If 

SdqdodAe pen8Dtage 

fa) ibtal Fe.Os ' 
(b) 1\)te1 daOa 
(e) fOta1 I'fIa0a .. ila0a 
__ 0 .. boa 

.tal sotl'pt b ,....tac. 
11. AvaUabl. soll ,p. SA P!ml 

(a.)01sea Ie 'Pf 

(tt) JhlaVtp%"" 

67._ 
17.34$ 
aa.26~ 

alay loam 

2.1511 

33.~ 

&.8 
6.4 

O~l1 

0,.02-
0.09 

•• 
9.J.S1C 
u.~ 

0. __ 

0.018 

8411 
1!5.44Q1 
20.~ 

SUty'1oam 

a.O)C 

30.011 

0.16 

0.0. 
0.10 

4.90$ 
1-.2_ 

i4_'-
o.~ 

0.081 

6.0 

... 6 
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also eontnbt.ttQ a lot towards sofl. addlty 1ft this soU. 

!be soil has 14.~ seaqulold.4e with lOOt! ftx1ng eapadty 

of phosphorus. Avallable phosph01m8 statu of thts soU is 

of low level and orgamo carbon content 18 of medlam level. 

mLD EXPEeDmft - mAL BJ. ( IIla.Ji1t-Rlee) 
I 8 . , • 

1B1ua*D of Dlugt; EUu' .-
m_ was 8I'Otm in the ~1t season. to stdy tile 

d1Not etree' of tID different pbosphatie materials taklq 

triple ~sphate as 1;hes~ 

(X) Ialat1ve effect of phosphate soanes en the pa1a 
yJiJ4" aU 1- n 

.e yieldot palnobtatod tJtom ladl'ddual au'bplets 

have been converted to l1e1d per bectaR aa4 the meaD 8Mla 

y1e1d 111 4lIha have bgea pesented 11l 1\1148-3. 

v.om the table l' may be e1eally notea tba, .. 

avenge ylell of 31.B q/ba was o'btaSaed trom the OOllUOl. 

plot wlteNa9 tile fdgbes' mean 1'1a1d was ot the oale. of 

39.9 q/ •• incase ottnatmeat whlohnee1ve4 1ft)tJ-7Oa 

phOsphatio tevtlllaeJP mateJta1. 1bt.a 18 abOut _ hi •• tham 

the eontPo1 and 4fI> bigbR thaa the plot which nee1ved 

'",ple ..,8Jll'hoapbate. 

Aftalyatsot ~ shewed that the rte1d 41t-teN11ft 

dws to vmoa t.1reatmenta wen stsrdtteant_ hn was td.sbly 

dp!ft.ca.ft' aute~ '.twG9U tfle .. ~ u4 ,be ... ,. 

lllt;b.Oqh gle1d dt~ 41le ., ~ p •• bate .oo .. 
• 8 no' stgrdfScant • theft was B1ptftoaddUt ... 

hitw8eA the MIfWen' levels of the ,.spla," f.U11 •• 

_WWs~e4. 
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'fM&r:3 

Mean ~ ~4 of R1ce m .vila as aft __ ' _ the t!ose 
and. SOlI?Ce of phosphate., 

tpt JAWlU,S 

'P' SOU!'C88 

eJoaW01 

'laP 

I~ xmo-,. 
I~lO 

~ 

~ . '. - .' 

mOa8lS 
Ii ! --

Dd 

-

twatmefats 

eoatT1e1 ".rest, 

'1" leYt4s 

0 40 

91.8 -.. 38.7 .. 38.8 .. a.8 - 36.8 .. &7 .. as •• .. . ., 
i' 

S1A 37.4 
II 

1Ft tea, 
e 1,." i , 

Ipt .... w.s. 
.p ..... a .pt La. 

low.l 
4 I fIt !1 II' ' " 

** Sign1f1oant at 1% level, 

lb' 

(PaOs :lft 

'" 

., 

... 
-.e ... 
39 .. 3 

39.3 

31.3 

38.4 -..., ... 
LLCm) 

I I I ,r I, 

La 

1.44 
0.68 

Ifg/ba) 

110 

'. 
87 .. 7 

-.3 
41.. 
40.6 

at.3 
aLa 

39... 
i: 

19.1 

., 

,BAR 

31.a 

aLa 
39. • 

• •• 
:II •• .,.8 
37.7 ..1 

. n ".-. -

a7.8 

••• 

I.. 
L8 

L4 

• , - E" Ii '". -r) ... u .. ... [ I! .. - . J J , .. I ,. 

'. 'SlCdSctaa' ., .. level. 

.... , 9''''Od'-



'!he HSults showe1 that deftnlte1y theft was 

lnerease 1ft yield GVG'P eontJtol dae to appl1eatioa ot VU'1ou 

phosphatic fe!atil1.ser materials deriwd htom partial acidul. 

tion of t·usooria rook phosphate. 

EVentbough tIlGN was no signlfteant dlffU'e!lCe 1ft 

yield due to various sovees. IFDt>m (~ ao1dulatlO1l 

with D3P04 ) PI'OWd to be a he"." setIPoe g1~ the b1ghest 

pain ?le1d. f·l1sbra and Pattda (l.969) also totma that 60$ 

aG4alated materials with "sP04 ~forme4 betwr thaa l.otfe 

ae1dulated .terial t. ahon duration ·OJI01)b lIaban~ 

later1fdo sons bavlq p1l6.6 and 6.5 • 

~h(l!, levels of 8~eattOll of pho$phattc 

f.JG.ul1s~ _te~1a1s 1tl~d the P'S1n yleld dgnlf1cmn14? 

HOW"., 90ft and 120 ~ levels were statiStleal1y a' PaP. 

Effectot pbospbate treat.mttr&a Oft the uptake of pkospboru 

1nt n- u P·LfdiilB·I -. 

From tbe ~tage of .pt In plants aut! the total 

417 matter yield at pante1e tm.t1attmt stare the total 

uPtake of 'P' al '.1. stage Was f'oU.nd ou. 1tle me_ .,bke 

ot .P' by ueepl.- as aftMW b7 vutous phosPhorua 

tHa-'- have 'bfaM ,.. •• 4 1ft i'II'b'le*4. 

AnalYsis of va?tQllWQ1) 8!wWe4 that a8 ~8 to .·total 

.,take- of phOS'l)htWWl tMN was ao 911:td.t1¢J~t dl~ .. 

lJetwa various __ .au &f phtl~ sO_Oets. 13tlt there 

was dgnU1oaat; alit ... _tvweOemttlml 11$. ftd aM the 

ft~10U lewis or phDsphde ."Ueatimb 
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tabid 

Mean lJptake of tp. by. rlce in Kg/ha at 1'.1. stage a. affe~tecl 
by' dose and SGeC9 Of phosphate. 

lP' SOURCES 

control 

TaP 

IFJ)(>605 

IP'DO-?Oa 

IFDt>810 

IFDo-8lt 

lFOO-813 

IFDa.816 

MEAN 
... ri t • ! " 

~eatmeats 

contrOl Vfhrettt 

t p. sOUP. 

tpt levels 

tin tr .,' 

I 

"'" 

'P" LEVELS (PeOs in Kg/ba.) 

0 40 

9.4 -.. 10.*1 

... 10.8 

- 1le4 .. 10.1 

- 10.2 .. 10.4 .. 11.3 

9.4 10.1 

J . 

!l£'.ltn 
If.Sa 

• • SIS. 

l\f.8,. 

Sis * 

80 120 

.. .. 
1.0.8 11.4 

n.l 11.3 

U.S 12.8 

n.? n.2 
12.6 ~. 

10 •• u..4 
1l..3 1l.tt,4 

• J 

ll..4 11.8 

I , 
1 

J MlWr 

9.4 

11.0 

11.·1 

12.0 

11.0 

11.8 

10.8 

11~: 

n.o 
I' 82 J 

.1 

• :Slgn1f1eant a. ~ level. 

N.I. +-to Not stgmtleant.· 

4· 
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!his NS·Ql t shoued that deft.fttW,.there is more­

gptake ot tpt at P.I. stage 4ue to appltoatloa of va.rlous 

phosphatic feri111ssPst O'VEW that of ~o1. ~ 

theft is Q.O dptf'ioaftt4Ut_.ces bett6een d1ft __ t .p. 
sotUrOeG, bighest amGmt of' P' UPtake was from the 

tJ1eatment tbat "cslved IP1lO-1Oa _~. 1hts 1. a'boot 

"fJ, Mgher tMn the control ~ • 11 MSheP thaa the 

plot wb10b "_Ivett Mple s~hosphaw. 

~.e 1ft the l~a ot apJ)11cati.Oil ot phosphatic 

f'ertWser mat~s ~sad the total UPtake of 'PI 

at p.1. stage slgnlftealt'ltly. 

Effect of phospbats Wea.'tments Oft -the avaUa1Jle tpt a.we 
III an ':- -." .1 J 1 •• '1 " , 'u ( 

The avaUable son phosph.iWu was .wacted both 

by Olsen'. ~._ _ 'a-I metMttafter~' 01 .. OI'OP. 

\be ~ OlsQllts tPl sf;.t.tus of soU ~ h9.Ptrest 

of tb.e rice .., have been PHs-tad In 1hb1e S. 

AWlll'9lsot vu1aMe shoW4 that theN was 

dgtd.fteant dUfeJtmtees ~ dttt~t tnatmenu, 

control w. ftat. fttteat •• ""c t_Wl~ ~e. 
aM variou love1$ of pMsphatic fetittlts_ appUcat101'l. 

!Ids 1s qdtelt1U.Uve that dltf-.' pJ;m8Phau'e 

tert1Uaep matedals helJ)e4 f.abldldlng .. of thepho_a. 

l@vel of soil (Wet- that of.lltrol. 

~ Vd'lmm pko9p:kate ~~ 1~" (am,: 

acldalate4 With lIaPO,,) @lso- ,"va! to be a 'better s~ ta 

buUd!ftg UP otthe tp' lew! 1D 3fJ11 te11ow4 'by ~alG 

(_ aeldfttaW w1tIlIaM,,). ~ a", matte. "e1dwll,,,take 
.1' ,_~ws -@.~ •• s~~ at 1JM1~$ ildt4&t4_ 8~_!,,, 
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faliri 
f·falaft aveUable Olsen's 'P' o~ sotlln ppm as affeeted b7 

dose and SOlQ!lCte ot phosphate. 

aoat1'01 

fiP 

IPDo-SOS 

XPDeJ.?Oa 

I~ 

Il1D().81a 

D'!ltJ-9l.S 

IPJ)()wtB16 

.. 11 IF 

-=s a AI 

iNatmeats 

coaWG'l W.RS' .p. IO'Jl'088 

.p. tevela 

• 

--
,... 
.. 
--

- .. - 3.4 

4.6 .. - &.3 .6.4 

oL9 &.9 8.9 

s..4 &.1 6.1 

4.3 4.9 s.a 
4.3 8.8 &.7 
4.4 5.0 6.1 

4.4 6.9 8 .• 2 
I .• £ , 1 b • L 

4.6 6.8 6.& 

1.1,00 q,D.(O,.OIi) 

0.40 1.1 

0.41 0.8 

0 ... .0.6 

0.16 . 0.4 

d. I .. 
.'. ~, a' U 1na1 . . 

La. • Ito .. aJ.sdfl ••• 

• 
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hlghest wltb isba treatment recel~ ~7Oa ~ee was 

possible because t tcl1s matal'lal has a coml4DatlOft of water 

soluble. cltftte soluhte and ettrate 1nso1Ub1e S01l.1.'CeS 

of phosphorus. ,,:atoP soluble SOUI'M _$.I 'QSs! 'by the plant 

as a starte,,1thosPMtG wheHas the c1tN.ta lnsolQ1I.e 

SOU?Ce was . ,Nlease4 s1cm1,.. 4. to :lWlenat aeidlty of the 

son. 9le Olsen's P as !l0asved atter haneSt was also 

b1gh.eat llt'der this tNatmeD.t' becaose fixation or wate.­

soluble phosphorus was minimum ... \1le add1", created by the 

transformation ot wate1?solll14e'P' to 0atrff?4 aat t1aPO" 
did help 18 the dissolution of the Uftftaeted 1'Oek pboapbate. 

Ns result Is in eonft!am1t;y with· the RSUlt·ot tttLeaD 
_ \heQler(1.964>.· 

~lD tile level of appUcatlon of phoSJ)hatle 

fert!l180P soaroes incnase6 the available 'pi status of 

3011 sigt'd.tteant1y. 1.'1d.s hS~ tcono\'JoNted with the 

"salts of B'a!lllal d.AJ. (1.977) aft(J Ba11ey sal.(1871). 

1'he avat1ab1e DPa.Vt s-I tp. status of soli have been 

'N~. 1a '1314.-6. A1la1yds cf ~ showed tID, 

thaN was _ s1gll1t1oant dUr.enee _tween oontlfo1 va., hS\ 

1tut ~ was dgdtlGW'lt dttftWtutea _tweea ~ 
treatnwnts. tpt sOUPe&S aad 'P' levels. Itt ttd.s also 

lFDo-~ ~_ pS'0Ve4 to be 'bas' sovee Mil 1MNased 

leva!. ota,ppllu.timt.t phostlbailrt ~{' tile .,. nab 
of son iIlgdflmmtly. 
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tA»ri 
t,,2em1 aVtdhble IPa.Vts-I '1" Of'SO!l 19. ppm as atfect.ea by 

dose ami " __ .r phosphate. 

11 L I' . . 

l.~.: J ..... I.tm!Ils fPaOs tn lIIrIha> 

:: ~: J : ~.: I :~.:I. :vJ. 
control 
ysp 

IPDO-GDS 

IFDo-?09 

IFDa-810 

I~ 

Ift)a.813 

Ii'DC-816 
.... I . 

1 I 

1\gea'tment8 

acmtrol VS.MSt 

'pl .~$ 

tpt levels 

• pt ___ • 'P" 
level 

3.& . ,. .. ... 3.5 . .- 3.8 4.2 4.7 4.2 .. 2.7 3.6 4.8 L? .. a.a 3.9- 7.7 4.9 

- 2.9 3.5 4.6 3.7 .. 3.4 3.7 4.4 3.8 .. 3.0 3.a 4.1 3.5 

- 3.3 4.0 6.9 4.? 
I • I· 

3..5 3.2 3.'1 s.a 4.0 
I • fI t· b • 

-r.t ·Sfitd 
sq •• 

g,·Cm.l 
0.43 

g,g.<2t9ll 

La. _ .. 
•• SlI .. ate . 

1.2 

0.26 07 • 
O.lB 0.4 

043 •• 1.2 
n % 

,Ji$ SilQ1ftcut at 8}& 10m • 
.. ~caft' at ~ level. 

It.L- _, d8ft1Ueant •. 

ILL 
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~vha .1!P1i'1 1-· 

(s) Ava11ab1e tP'estimated by Olsen's ad 1ra,,'8-I 

methOds attar harvest of the rice eop Welle stpdflcaa14F 

and pos!fd,vel¥ ~atiGll values 11':: 0.106 aDd 0.611 

lNspaottvely (ftB.1). 

9ds iruJleateathat the pata y1eldOf tJJa .lce is 

ve~ 1ntluencea_ the -_!law.. tpt level of t.lte soU •. 

Heme it is Jd.gb1y dasl~b1e to sall'ltain a «004 statu of 

.• p' f.ntbe sou. to produce • goc4 ..., of ~. 

Cb) AVaUab1e t p, eetl.lmlw(l .". Olsen's an« Brq.s-I 

method weft slgnltieaatly and positS. vel,. ttOft'e1aW WI ttl 

the uptake of ~PU ~ the erop at P.!. stage Wltb 

coett!olea' of CGP.N1attoa value a I' 1'# O.?4 and 'me 
respeettvelY',. (Ftg.a>. 

'Ib18 indicated that the uptake. of phoaphoMs at the 

P.I. staseis mtteh tntlaei1H\t by' tb.e avaUable .,. statwJ 

ot soU. !be t P' statu of so11 aab.J1tally depend. Oft the 

dose of .,,11ed pho~ aM the. type of the eamer 

.. 4. 

c.) Iela~ .. \ween uptake of Ip. aid Pda 

y1e1d was worke4 ell. A hlgbl? at.flow UtI postu._ 
... 'ten wlthooetttd.t of ~tt_ tale ... ;: 0.681 .$ obtal __ ~ • two Pa:raatells,. i'l'tml the· .pt _take 

values. one my notl_ tbat pea_ the ~ble tp. 

stQt;wiot .u._-- Is •• tab and • also the 

pamyloU. 
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(0) OLSEN'S METHOD 

A. 

46 L Y=32·02 +1.124X ~ 46 
r-=O·706 * ~ 

(b). BRAY'S METHOD 
A 

Y = 34 -b44 + 0.92. 0 x 
"'=0-517·*-·' 

~ 42 ~ 
(n=22.) 

G /1 ~42 
C!I 'd .. ~- I 

0 
o 38 ...J 38 e --I ~ W 
lLJ - ->- >-

en: 22) 

• 
e 

E) e (;) G 

W\1¥V 4e 
G 

• 

z 
z 34 - 34 « «' O! n::: 

(!i lO e G> 

30 30 

2 4 a 8 10 u 2 4 6 B 10 

AVAILABLE-P (ppm) AVAILABLE-P (ppm) 
, , 

Fi9.1 RELATI9NSH1PBETWEEN AVAJLABLE-P AND GRAIN YIELD OF RICE (TRIAL-B,) 
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(a). OLSEN S METHOD 

a 

A. 
y= 8.&12+0.458 X 

~=O·740 '* *' 
en =22.) 

246 8 
AVAILABl E -P (ppm) 

J 
to 

10 

14 

12 
tJ 
.s: -...... 
l1\ 
!L. 10 
UJ 
~ 

~ 
0- S 
~ , 
a. 
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, 
(b). BRAY S METHOD 

G 

y= 9.734 + 0.3062 x 
r"= O. 522 ~': 
(n: 22) 

2 4 6 0 e 
AVAILABLE -P (ppm) 

Fig.2. RELATIONSHIP BETWEEN AVAILABLE-P AND P-UPTAKE OF RICE AT P.I.STAGE(TRIAL-Bi) 
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(x) ~#i.tdua1 eftee' of phoebe. souroes Oft \be 
BfdD 'dIl4 qt _- . 1 •• 

!he yield of II'dn obta1ne4 from tndlYS4ua1 

subplots ttave 'heeD eomrerted to nel4 pep heofa_ aD! tha 

average pdo. yield in q/ba have beaPHaGIlteti 1a 1sb1.e-7. 

'Resalw malcated that au ~ yleld Of 7.9 q/ba 

was obta1lWl1 .hom the oontrol plots wheHu the btlkea' 

mean ySeld was of the ol'tiu ct9.S q/ha, 13 ease of 

treatments wbteb reG91ve4 !~ ea.anJJ1atad p,ft _.taI 
dth __ BaPO .. )an4 ~ (aot4dated vltb 4018 DgS04). 

phosPhate ..... ~ ware .~ ~. pala 7le14 111 

these ___ dB U against CODtlJ.ol1m' tiS .-on tftple 

S~~sPM- the ?leld t~. vas ot the Old •• f . . 

.~ 0111". 
ADal7$1& of .,,!mlee ~ that taR was h1Ihl? 

d.p1tleant dUt-..ue between the ~ -. Nat IUd 

differea" "",,'e 1eYe18. ftllt tUft ..... 1ft J1,e1' d_ fa 

nsld.lefted of vasd.-~. ~3 _8 ., 

sf.ldfleat1t. 
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Neau pa1n yield of ~m,la qlba. ,as dteet.ed __ 814_ 

effect orf: p t treatments ' 

'P" SOtD"e68 

. ':.: r:: ~"a~6j! ::;:::j 
. I~ 1 40 .1 80 1 320 I ~ 

aoatrol 
TIP 

IFDO-605 

IFDG-702 

IFJ)t)t810 

IFDM12 

IFDC-B13 

D'DO-B18 

. 1. •• 1 • 

DAN -
~--. 
t':ofttItol va. .. t 

g t? I r.'· 

7.9 --.. .. .. 
--

. I. I 

7.9 
.'illll:.I' J 

tE'tI.' 
m.a. 
'Ms** 

-
s..a 
9.9 

8.7 

9.9 

e.a 
9.«) 

9.0 
I I , 

1.8 
I I 

.. • '.9 
9.0 9.9 9.2 

9.7 9.9 9.6 

9.1 9.8 D •• 

9 .. 2 D •• 9.3 

9.6 '.8 9.3 

9.6 10.0 ,9,.5 

9.4- 9.9 9.4 
. ' • • I-

•• 4 e •• 9.2 

0.9 

0.18 

, I " I 81 1 l II.' M • T .1 I 

.. S1Inlflcant at l$ level.­

if ... • NOt algnUleaat 

, ' 

* 
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The "salts 1ndlcatad that defiMtelythsM was 

in<JNase in l1eld O~ contl'Gl due to the haldual etfeet 

of var100s phosphatic fertiliser materials. 

Even-though theM was nc sip1f1cant dUteeace 

amODPt V8.!'lous '-sources, lFOO-813 and IFDo-606 sources 

proved as bet. sOUI'ees. ~ ae1dulatton e1tft~ With 

~1& ~P04- 4~ ~S04 yielded the same real1lt 1n reSl'aet 

of grain y.ield as ~ as l'esldual effects awe eonoemed. 

A paptla11l" acidulated lnaolQble phoaphatie S~ 1Da 

rock phosphate whtm .. eta with tbeso11 ttll! a loqer 

pei"iod is able to show its long ft.mge .tteot "fleeting 1ft 

"the gn1n yield. m.,hM- 1ev018 of application of all 

phosphate SOtD'OBS in kba!'1fs9ason 1n~S$tI the· Cfttnne1d 

of S~1" ePOP sJ.gnlf1oanU" dtle to their 1leS1doal effeets. 

1!ds result eorroboat0d With the Malt or IDtmath aDd 

D!Isak (19M). 

(II) n)ttake of 'P' at preblootd.nl stage as arlee_a by 

£idSlWlJ. iUm st ~.m t.naPm'!!& ,. 
!he total aptake of 'P' _8 ea10t11atei ~ the tpt 

eonoenwaUon aDd the total 417 _*r l1'1e1d at P"bl.~ 

$ tag~ am have been P1'GSentetl 1n 1lAb1e-8. 

Aftalysla of va~.~ that w1th ~'to ,p, 
UPtake nsltltUll ef.teet ,or VlUJ!oos, ,Sf)~ _s -, dgnlU@ttU'lt. 

butslga1tlRat €Jltt~ was fomd ": __ 8 ttle ~tmeu.tf$ 

and the va!iOU 1evtJ,s of ~l'm_ ~Uca_e • 

• 0 Jf~U ~ ~~ the 'Pi Uj)ta1it9 18 ~ 4., tD 

nstdool etf0et ot poos)Jhate ~leat1oa mm- contNat url the 

upt. 1$ mm16 tim; to 1a~e41mMl8 of ~bate 

@,11oat1Oft • h ltmt'lf .~ ~pectl_ of $Oll'Nea. 
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IIMa:e! 
Man uptake of .pI by ~ 1ft ltg/Da at ~ 
stage as affected by residual effect, of .pt- 'tlreatuJ.enw. 

'P' SOtII'CeS 

contn1 

91" 

~ 

~"'2 
lFDM10 

IPDCJ-8~ 

IPDo.918 

DDO-816 

Mill 
nul 

o _ 

~ts 

acmtrol vs.ns' 
tP'~8 

'P'levels 

om 

0 

1.6 

--.. 
• .. 
-.. 

1.6 

1 [ It 

IJJ) 

.. 
1.7 
1 ... 

1.6 

1.6 

1.6 

1..8 

1..7 

1.7 

i 

'E" W\ 
SlI-

&1. ... .... 

80, l20 

.. -
LO 2.0 

]..9 a.. 
1.8 La 
1.8 ,2.3 

1.9 L2 

&.0 s.., 
2.1 2.3 

h9 9.3 

- t - I 1 I F ,. 1 

.,,(m) 

0.18 

Dd 

1.G 

1.' 

LG 

1.e 
1.' 
1.9 ... 
2.0 

9 

1.9 
., lit I 

gt. ,q,MI 
0.8 

• ,. 
••• 

n j. I 9 E or I I' J - .' .d U r I .- L I f_ .- I d. L 

• S1~C3ftt ~t 8$ lev'ol • 

• * ~tmnt.' 1$ le.,l. 
I.a... lJot sl8a1t101!mt. ' 
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em) juiJaNI ,~, lfidp of !AU l 

'.ihe avdlabla 'pi s.w of sou. eatlmatea 

~ by Bray'.1 methOd ~ bean ~nte4 ill ~e-8. 

~s19 .,t varianoo showed that there 1s no stgdftoaat 

dlffereaoe .. tweeo yartou.s II" ~. but th.eJte Is 

s~f1oanC dlttereDCeS betw'eoQ the 1ewls of phosPbate 

appl1a4. 

.1be result intlloated that bltrh- level o~ 

J)hOsphate applieation to the main .-opt also increased 

the Ndtllua1 available' PI status of soU, .. t 1at1~ 

the SOOODdorop. 

(lpm!1ati8 SM'tu.' 
(a) Aft11able aol1 ph091l'horu estimated 'by' lIM? .. I 

mtbad weM ellDlfteaotl,. and poalUve1" eorRlated. wi. 

file pa1n 71e14 of peeDIhil wi. til eoatfle1eat of 

OOHelatlon val_ " .. 0.564 (ftg.> 38). 

!his shoWe4 that tho ~ ·?1eld 1. ~ 

lnflueWJSd. wthe awl1a'b1e .pt status "g ao11 bo l' lh19 

to NSldWil effe.t or ~'. pRe aPJ)11eat!.clD. 
(1) Ava1table a.av's-% '1" _r.sltJlUleaMl,. 

ml4 poat~wlY ~teI vtth the t.o~ _til) of 

phOsPhORS bY the ~ftm CJI'OP at PNtlowePiq stage 

with l& eoetftolont of OOl'Nlat161.l wI. &- = 0.683 (rig-a). 

\1lb ladle.a~ thtit the total ~ 01 ttbO--- _ the __ Is lBflueneaif '" tktt 3vaUatW.t t,t 

leqel of soU,. b n,ddual tpt level of so11 4epan4et\ oa 
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GREEN GRAM (b) P. UPTAKE AT PRE FLOWERING STAGE (T~IA~-BI) 
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the dose of apPlle4 ·pho_ortIS aDd the .. of 

oa:wler used for the pn1liollS C1fOP •. 

Co) le1ations!d.-p between the uptake of tp. by 

the plant at pntlower1QC stage aid pa1D ,.Selc1 was 

workedou'. A bigh1,. ~fteaDi; pos1'1ve oone1at1oa 

wi til coeft1o!eut otCOl' .. e1a tlon '9alue It = 0.8 va_ 

obta~ betweeQ the above _ ~tua. 

It;· lIldleate4 .'t the INln y1E4d 18 ~ 

~aenced by the total ·Pt upta- of the p1aat. 

PDUl ~Eft .. ·.IAJ,..Ba(~") 
L _ t . . r ! In. 

IJALYldOl! qF PUM! ;mqz t 

D1No' elmt; of phoepbat4e ...... vue OG1IIPued 

as aga1a8' Ulple st1P~bate ~ JIlt .. as a teat crop 

tn the Jrhar.tt seascm. 

(It Watt_ etteo' of phoSPbate SOtJI'eea Oft the PaiD 
yJel4 At .11 I I· R ... .t 

'l.he. rIald of f&I'81r& o'btal_ ,... ird191t1aal 

_bplots haVe heeD 00 ... te4 to ?1e1d per he .... aid the 

.-mi ... _in ,s.e1d m q/ta ,.. tUff ... , PhoSJllate 

waatmeau have lteell pnseated 11l .'b1e-9. 
From the table 1t may be noted that aa aVfJ1'a3e Yle14 

of ae.8 q/ba was oMalrle4 from the coaaul plot wheNtla 

t.hG b1~. lURQ ~. was of the o1'dg 31.4 q/ha . ., la •• 

of treatmeDt ~b ".l"~_ ~ (~ 0.014.'10$ 
with "aP04 ) \fbi .... " to 111' ...... tile etatfo1 .. 

_ mctN than tMt Of the tI"M-" Whl<th ••• vet "'148 

~te. 



••• 

,'11'1'" 
Mean PdD J'ie14 ot Bloe 1& ttlba. 'u aft_ted ,., tba ao .. ami ___ of phosphate. 

·tP ... _ 

aoatvol 
uP 

MPR 

mPB-C 

lFlJO-aOl 

~ ' ' 

II'D04l6 

lJ'DOe816 

lFJ)t).'JOa 

• wan' !b r .. 
MIld' 

I I , 

2reatmEmU 

_VOla ... ' 
·Pt~ 

tpt lew18 

• _I 5 . 

. ' 

.pt LilVSLS fP. 0 l1l '9." • Bir/ba) 

0 .- 80 1SD mi.AW 
,. 

28.' - - .. as.a .. .. e 

- ... - 91.6 .. 8.8 

- n'" .. .. -.6 .. 11 • .1 .. 30.<. 
1 liM T I 

16.8 ~. • 
. 1 , " . 
'E', .'Ifi .," 
••• .. -..... 

. I! == "] r 

, .I , 

••• 
28.3 

•• 1 

•• a 
mt.e 
8.7 

8.6 

3Le 

• i • • 
•• 0 

.. 11K •• 

.·Cml 
1.1 

0 •• 0.,. 

II.:? ..7 
at •• .,.1 
ae.a &. 
ao.a 8.4 ... 11.4 

IB .. 8 •• 0 . ... •• 0 

aa.a 31.4 

• 11 u L 

19.7 28.6 
I ~ , , 

•• 'P,QI1. 
1.0 

. f. .__ . * I . 

'. __ ~.,,,. l6wl. 
'.. 9lIaU!odt at 211.-• 
•• ,4Jit _I _.ncaa'-

• 
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Analyds of vadallCe sbowe4 tha' tbe neW ti~ 
due to vaJl'tou Weatmeute are sl8AU'1eaGt. ftetre 18 

s1gD1t:tcant 4UfGl1'eBCe between the sourees and also tile 

'Various level_ of phosphate GPPlW.· 

'!be "S1llts showed *t theN 1s lu.cIeaseta 7le14 
0"'- GOftWOl due to __ lcaUa of phosPhate, ,atld amD11I8' 

tbe various S0lJM88 IFDa-702 \fa_ fOtmf! to _ the .st 

.000000ea\.1i1blch was atat1st1ea11y at par wttb .. pte supeJll* 

phosphate. Ot;hcw sources toUow1nI IFl,)().?Oa .. 1D the Ol'4eJt 

IFJ)(J.301 'Z- D'DO-81G ~ DDC)lItOO ~ T~1PR ~ DDO-8OS ~ JlPB.c. 

ID this ~ also IJ1)C.'1Oa (801l ael4~aWw1t1a Y.' 
soar_ .,1'0ve4 as a bette. SOU!'Oe trw 1P1. 18 add soUs. 

1!oweVert Id.Per 1eve1s of phos'pbate app1l-'loa. 

lnoNased ·the palD "utd &d.Ifaift.Oalltll'e !he1'e ... hart1,­

aD1 sSlnlttean' Wf ... In sralD yle1d 1Jetweea 80 ard 

l20 XI p.0,jtta appl1~tl .. 

(D) .taJte.~ tpt at 1'.1 •• tap as afteeteil _ 

DbM'PRltte _ .... " t . IT. 

FitcB the P8N8fttaae of .".- Sa plads _ .. 

_tat .., _t_ 7le1d at palde1. IId.tla,,_ atase .... total 

'1" ... was to.a out. !fa averaae u.ptaIt:e of t,. '" "­
plat at '.1. -k11 as affeeted to? Ya?ltmsPa __ .at8 

haW ... PNSGille4 lA •• .-10. 

AftQ1ysls of ~ showtI th%, .... va.- DO 

dpttsoaat 41ttel'eDe0 be ... 4itferefta pho.$Phate .10 ..... 

m .... _ of total ep •• _ .. "" tbeN .. dlidftoad-

41tt .... 1JetWeen .e .-001 Yhfta' aid ttle IIS~ 

levels 01 QMdlel phosPbate·. 
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raMD='-.2. 
Mean ap" Of .p. \t? dee in KWla at. P.I ... as 
atteetecl .. de. ana SOUCIe or jIlOaPhat4 • 

. ~. ~ :.: :[;P~:~ :~~~ i?i :' I~' -: 
aormol 9.4 .. 
RP .. 11.0 

HPB - 1O.a 
MPB-C ... 10.9 

lFIlO-301 - 10 • ., 

IPIlC-4OO • 10,.8 

IPDO-608 .. 10.4 

D'Do-818 .. 10.& 

IPDC-109 ... 10.3 

. ill . I I I 
.. I 

MIAlI 6.4 10.6 

'I' _, 
.. a"_ •.•. 
'pI .S011I'Oea •• 

'P'leve18 
.pt SOQl'Ce S "p. LS. 

level 
. 1 . P. II. m .. j" 

.. .. 9.4 

u.. n.s 11.4 

31.2 n.1. 10 •• 

u.. u..o 11.a 
10.a lD.9 -.. 
109 .. u.s 10.9 

10.& 11.0 10.8 

n.. 11.8 11.. 

n.7 u.s 11.& 

q' . I 1 .11 

u..a 11.4 10 •• 
I J 

0 •• 0.. 

• -SQtttoaat at 6~ ItWt1 • 
•• 8Igrd.tihftt at ~ leWl • 

.... tWs SSIJdft ... 

2 
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ibis Nsul' showed tba" deftntte1" there Is UJDIl8 

upfinb of tpt at P.I. stage 1Jy' riee due to app110attcm 

oE phosphatic t_t111~ mat4Qli1als, over that ot conbol. 

Yhough s1gn1t1eant dltfereace vas not found bet.ween 

'P' SWPe8S, st!l1 the' UPtake was more hom the treatment 

that Hceived ~'i02t followed 'by UP. InOnasea levels 

ot phosphate app11e~fd.on 4et1!d.te1? 1wJreased the UPtake 

of ·P's1g!dftcaat1,.. H~tao aad 120 1ft: 'g,0'/ha 

applied 41d Mt dgo1fteant4y laOl'ease t.be UPtake of tp'. 

(m) Btteot ot phosphate t:reatment OIl the avaUab1e 'PI 
mtwJ of IOU ,! • il J 

.. !he ava.l1ab1e soU tpt was detemfted both 'by 

Olsen's and BraY'pI ~thodt after harvest of the· Plee 

.ibe average '1" stataas of 8011 estimated by' 

O1seil'S ,~tb04 haVG Men Pfioonted in Table-ll. 

, . 

Analysis of vadance shoved that dStteeneo 

betweea dift_eDt phosphate SOml'C9S was flOt ss.8Q1t1cant 

1ft ,btd1d1Dl tIP ot _ tpt a~_ Of son, btIt s1sDlft ..... 

dUmeoce was touwt between -.1000 lewl8 of pM81tbate 

"pl'1W. 
1V&11a.bl.o '1'" statuer soU estimated b»' II.t&yt.-l 

methOd haw been 1WGSGntsd lQk'b.'le-lJL 

A,Qalyda ol'~·~ that dill __ _ 

_ Men tpt ~ ,.S 00' atlft.1t1ant 3S "gorda the 

aVtf!ll.llb1~ ,p, s_.o'l soU, bQt Glgpd,ftRftt dltfenaC9 

was tOUlld beween @Oft~ w.wst 8;ftd the dtffeHnt lovels 

ot ~sphorU ~t1Oft. 
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Db.ktelB 
~ ava11a.b1e :amy'&-I .pt fit soll m ppm as atteotecl by 
. • .. ad 801U1Ce of phos,._ . 

• p. J,~, (PgOa ta KrIba) 
.. 

'P' SOIll'CGI 0 .. 80 - I DAI 

coatMl 4.2 .. .- - 4.2 

ftP - 4.8: s.s 6.12 6.6 

MPR ... 4.4 s.a 89 .. a.a 
MPB-O .. 4.1 5.4 a.a e.g 
mn-301 .. 3.6 · ... 6 &.& .... 
D'i)().4!)O .. .1 LO 6.7 4.9 

IFDO-608 - 4.3 &.6 s.a 8.4 

IPDa-slB .. 4.1 &..8 6.1 s.a 
~'IOa .. 4.2 L1 8.e 6.0 

.. - • .. I • IlT:nA,M f .... --, F '1 I . f , . ·.It I I -•. .k 

iWlN 4.2 .... a.. a.. &.1 
u. I • I 

fft.\1a. fInetlts 

con~ ft."d 

II 

'U I 'n $ _ til I J nl 
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Results of both tJte so11 .st 1ndleate1 that 

dUteJ.7e!lt phosPhatic feRillsep mte!!als helpa4 Sa 

baUd1m\g ., of the 'P' status of soU OV81' tttat 01 eoaVol. 

HlghS? lewl of appllaatloa 01 phosphate so .... i!lCl'e&ae4 

1$.8 avaUable .pt statu of so11 sicntficailtly. tis nsal' 

'18 In ~ with the hs1l1ts of mm4al U ill (1971) 

aDd Ball." alll ,(1977) that SOtINe$ With low water 

so1abU1 W prwtorm hett_ a' hi.-. tbD at loweP nte 

ct applleaU-. Hlaher n_ of appUoatla 01 'reok phosphate 

81w DO' 001? ~ Gl?OP v.le1d aa;«'" uptaa ... also 

1mp1'OV8 the available 'l't a.tos of _1. 
gprrelAf493 stpM.M • 
Ca) AVailable ph~ esUmate4 by Olseats &at 

BnYt 9111 methOd Wl'e signiftcaaf4.7 GIld posldVGl.,. eoI'I'&\ate4 

with the total.tAt. of <phGspho1'U8 by the .., at Pantcd.e 

tntttatiOll stage dth ooeftleleat of col'.Nl$td .• val_ 

.. 1:1 0.479 a8I 0._ ~otlve1r' (fta."). 

!bi8 .ktl1eate4 'that the total uPtake of pho~ 

by the .... ce <n'OP at ft.!. stage 18 mueh lnt1~ 'b1' the 

available II" level 01 the ao11., '!he level of available 

'P' aattara1l1' 'epeDtle4 em tke 4oeeot allPlSat _o~ 

and the type of mlftler ~. 

(b) AV.itable 01 .. '8' tIBl Drw'.-l fpt weN 

slpdfteant1? ad _lttve1v COINlate« with the 8ftl1a 

?lel4 of ri- wi. eefftG!e. 01 .000nt1a.t4on w.ttb val., 

it =* O.41'J aQto.- RSJ)eOtl\te1y (n,llS). Us indi ... 
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(a).OLSEN's METHOD (b). BRAYS METHOD 
'" -A 

\4 ~ y= 8.3n + 0·407 )( 14 y= 8:~80+0·425 X 
t"= 0.&70 *' '* r"= 0-731 ** 
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Fig.4. RELATIONSHIP BETWEEN AVAlLABLE-P AND P UPTAKE BY RICE AT P.l.STAGE (TRIAL-B2) 
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(b). BRAYS METHOD 
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0 r-=O.539 * * 
0 (n=25) .s:: (n: 25) ........... ~ 

~ 32-'32 • Q G . • 0 
a ..J 

U1 -I -UJ 
>-28 > 2.8 z 

Z -<t 
« 0:: 
a: ~ 
.(3 2.4 e 2.4' CD 

2· 4 6 8 10 2 4 6 8 10 

AVAILABLE -P (ppm) AVAILABLE -P (ppm) 

Frs.S. RELATIONSHIP BETWEEN AVAILABLE -P AND GRAIN YIELD OF RICE (TRIAL-B2) 
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that the PaiD. l'leld 1s ft1.~h 1Dtlwmcecl by the 

available phoaphorQSstatua of soil and henee 1t Is idgbly 

desirable to mamtata a good status of ,p, !n son .. 
get beeter yield. 

(8) aalatlomdd.p _tween the up_keot !'P' by the 

plant at P..%. stage and graia yleW was voWel 0-..1 

highlY' s1p1f!can, postttw COft81,atlOll with coeft1e1ea\ 

of CDr'i'e1ation value ~ :: C.S33 was obtataea between the 

aboVe two ~ten •. 

!t showed that pa1n yield is lrlflueneetl by the 

total t P• UPtake of the plant. t1h1eh Is ultSmate1V 

1nt1uenoed 'by the avaUab1e ,p, 1ave1 of soU. 

, 

lEI.tAM ·9' .JMl-«w4 .-tea II 

A sUltl1DeJ! -..op of lI.'owdmat was pow aRep 
, , 

dee to stlldl' tbe nstdualetfect of phosPhatio so_cas 

already app1te4 to r1ce duping the pre_tag kbaftt seascm. 

(It Be1.atlvenstt!aa1 effen of phosphate s.,..son 
SbI .pg4 ",., It 'IlIliIdDD' ',.. r ... • I 

!he pod yield obtained from individual sulJplo\$ 

haW beGD oonver.te4 to ,se14·,. heature art4 the a .... 

fJOt1 yield tn q/ba have ~ .~ in ,. .... 13. 

It may be QOU4 ,.. the table that all 3vehIG 

pod ,utd ot 14.9 .q/ba was o1Jtfillnel ftmm tbe ccmt.o1 

whWed the ~'.m.een 1ie14 ., or t. 0l'4.- or 11.7 q/ha 

tn ._ of trn_nt Whloh rece1Wd D'D0-301 CMlnl • 
_&misted tdtb - ~904 as 'bUll.' ,hol __ ~. 
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JlWls-U 
Besf.dual etfeet ot phosphate sovees 'On the mea ~t!Ijl~, 

pod JfAl.d of ~m111 ta q/ba. 

tp. SO~ 

aoutrol 

'lSP 

MPH 

~ 

IFDo-301 

~400 

I~ 

IFOO-S1.6 

~702 

II $. r J. 

MBJUf 
.. 

TNatmeBtG 

aoaWOl W.RS' 

tp. SOU1"C&S 

''P' 1ew10 

tpt 

0 
I 

14.2 

--.. 
-.. .. .. .. 

24.2 

LS'fBLS (PgOS 1ft 1QrIha) 

I 40 
I 

-
143 • 
16.9 

14.5 

15.8 

14..4 

16.1 

18.0 

14.1 

1 1 

14.9 
hi 

1f'.C 
Mg· 
stg· 

I. a. 
81g$· 

J t 

• 

80 ( ]11). 
I .. .-

]B.3 17.1 

17.3 18.8 

16."2 1,.9 

1'1.' 19.3 

16.3 11.4 

17.13 18.3 

JS.1 38.9 

:us.a 1?d 

• • .. t ... 

l.6.'7 18.2 

..fm1 
1.16 

1.13 

0,.41 

It 

14it2 

15.6 

17.3 

1G.a 

17.1 

16.0 

16.9 

17.3 

16.6 

18.3 

•• (9·Q§1 

3.1 

a.'2 

• ItgQUloaDt at _ levd. 
.. Sii'A1flC84t at iSC 1~ • 

N.a.- Not slgnltlo.aat 
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In the phosPhate treated plots the mean yi.eld ft1t1ed 

between 15.6 to 11.'1 q/ha. 'ftlWJ it may be seeD that the 

plot which received I:FDt':-301 y1e1ded. 24.6]6 higher than 

the COlltrol. Houever, this d1tt~ was ~ dowa 

to ~ whea compared with the tNatment which nee1ved 

tri.1)le saperphoaphate. lttea yields obta1ne4 from the plot 

recelv.ing viple snperphosphate and poWld rook phosPhate 

are seen the 7le1d ditference Is of the ora_ of l.l$. 

J,ookiDg at the ecoDDlD1o benefit of tbls 1l$ dUtel'eMQ an4 

1oweI" cost of lnpn lr1 tel'mS· of phosp_u t~ rook 

phoaphate. Ofte would bet ~ that fOP sllch add soU. 

rook phosphate is ta'ei'eMble to OOifJP1ete1y vater soltlb1.e 

scmrce ltlle triple ~ospbate. 1he aft ... of coat 

per Ifg of pao& from tdp1e SllParphoaphate and IJ'OlIId 

MIlssome 'Nek phoGPhate Is of the OJIdu of tts.1.40 • !Ida 

dltfer-- amounts to .. 1HI- when 90 _ pao" 1s applied 

and 1 t Is frJ.W- 'Whml 40rc 1s aptd1ed. 

Atlalyds otvarlance showd tbat theN was 
slga1tloaat cUttel'elllle _tween vulous t1'eatments. eontrol 

w. NS' and the dilt8ftD;t leve1sot l'holPhateappUed as 
N~ the yield of the WOP, but there was no tdp1ttoaat 

dltteranee Sa yield dtle to Rsld_l effect ot va.dows 

phoSPhate S01Ihes. 

TIle· .. lAte ladSoated. that 4etidWy theft WU 

bore.sa 1ft ~14 OWl' eontnl do. to the nsUual _fe.t 

of ".sou ~- s ..... ·• mvtmtltougb tb& .. was no 
slpltlo1lt4iltRU4G _ .. - _dOWl ~OURes stlU 
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IFDO-3Ol aDd D'Do-818 showed be~ HSldual ettectt 1a 

UecJasiag the )'leld 1ft comparlSODtD 0". sowea •• 

Sighar levels of application ot aU tha P-8OVel:lS 1a .. 
kbarif season 1noNase4 the pea )'leU of tIIPOwdWlt 1D. 

8tJ1ll1leP seasoa s1p1fleantl:v due to tbeU Rdctaal etteo .. 

(II) 

~ the peeefttap of tp. 1ft plaats ... the 

total d'l? _~ttw yield at P"t.I.~. stage the total 

uptake of .Pt.wu towd OQ. aM have baeD PftseaW'_ 

!able 14. 

ADalysis of vmriaa_ shot8I tbat as Jepttc! the' 

total uPtakll of • .,t by the crop the" is DO atp1fteant 

dirt ... _tween N1t14ual effect of various Sources. 1m, 

s1Irdtlean' dl~ was found befNeellOOlltlrOl va. Mat 

and tho vaftOWf levels @f phosphate app1te4. . 
.' 

. DIe ftsu1t8 sbowe4 that __ tpt oWte was 

_1'8 due to nsSdaal effect o~ phosphate applleatloQ 0..,. 
tka, o~ oontJ1Q1. ami the qptake 13 ~ doe to blgheJt level 

,t phosphate 8PJ'ltaaU.cm to __ IcI1.ant crop iftespeettve 

of all ttle phosmatG ~h 

CDt) .,.J.aMl '.'.' 1' __ at _al 
the a'Vd141lls t"t ata_ of soU 8Stlmtitea .,. 

Bra,,-pI methO! bw lMJea Pl'GSGtdiet ill ~bl. JL Aftal7da 

of ~ ..... that tbeM i. DO slgalfteaD'.tUtteN.uoe 

"~ ~ phosPbat9, ..... 13 bJdlt!1ag .. ott·he 

avdlable ., ••• - of soJl. 'btIt ,heM S. atlJdftcan' 
iillt-._. be~D the l~w1.ot pho.,.. 3ll14lel. 
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a.eM 
Basidual etfect of phosphate SOllheS OIl the mea _take 

of 'P' by gromlai;}.at " .. tlowaring stage 
1n ha. . 

tpt SOtJRtmS 
I 

aontrol 

'lSI' 

MPR 

!~C 

UOO-301 

~O· 

IFDCJ-606 

lF00-816 

IFDtJ-'102· 

u r 

MEAl! 
• .. 

~tments 

aoatwl.-Nst 
• pt dtf,Ne$ 

.• pt levels' 

0 0.0 120 HBd 

LO - ... .- 3.0 

- 3.6 3.& 4.3 3~9 .. a.a 4.0 4.e 4.1 .. 3.8 4.15 4.& 4.3 

-. 3.9 4.7 4.' "-4 - 4.2 4.8 4.6 4.4 .. 4.6 4.7 4.7 4.. 

- 3.9 4.4 4..' 4.3 

- 4.0 4.1 .8 4.3 

I J L PI. " 1'1 , d al PI ',-
3.0 a.9 4.3 4.6 4.1 

R - . . , 

'Eet
! .IS 

911-
w,'ral 

0.33 

Ss,.CO.(6) 

0.9 

•• SSg 0.31 0 •• 

it •• 

Sif4*-. O.Ul· 

*SS8ft1floaat at 8}1 1~. 

•• SS8ft1fteant a' 3$ level 

!'l~L ., rfot 31sfd.t1ean'. 
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:the Nault 1D41eated that hl~ lewl. of phosphate 

appl1catiou. to tbe malo G1'OP GlSB lSlON'ased the reSuual 

avaUah1e tp. status of soil that 1nt1ueraced the seOOlI4 

0Jll0P0 

Qpn!laUm Dmtls' • 
(a) Avdla14a phosphcNs estUated by Bhy"s-I metlloa 

were siardftoaut13r aad pod tlve1y <.iGRelatad wtta the po4 

71eld of groUDdnut with coefficientot ~atS.oa value 

It == 0.639' (ft,.6a.). 1h1s 1ad1cated tAla, tile pod yle1. is 

Ye~ 1uti~. b7 tbe avaUable t,t 8ttltwJ of .soU. 

('b) lftilah1e Ira7t s-I 'PI WN s!~eaJlt1,. .. 

posltlve1,.comtelate4 with the total .,take of '1" by the 

.~ 80P at PHh'lOGmingstap with So aoetflo1eat of 

ooJlNlaUoo value .. a: 0.693 (Fl,.A). tis revealed tha, 

the total uPtake of 'PI "'. 0l'0P 1s also lBflWJJlee« 

by the available fpt lev elot son. h rosldual tp* 

level or soil uat\JJ'ally 4~d _ the dose ot ap,1I.ea 

phosphOPiIS ai1d the t1V$ of oaftleJ1 ~ t. tile previous 

eop. 

Co) 1\thttoneblP .-- • UPtt1ku of .pt 11»' the 

p1arlt fA' PN~.8ta8e awi ,od yte1tl was to_ 011'-

il ~~~ J()8ltlve ~t1cm wl'Ia coettld., 

of COJIIUlatiOft val- " ., 0.752 .. o~ ___ the. 

ab@W-~",· 
t"t ~ 1$at the, poa ?1Qld Is _~ 

JBft~e4 ltV file ~,p. otak$ of the· ,1_. 
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T'ftlO field 0lqJeri.mentS n.amel.y ~ and Ba We1'e 

oonduoted 1ft tba· tn' block of tM CeoWal WaseaHll Statton 

of the Mssa Uid.vers1ty of Agrlc:ul~ and 1\1otmDlogy 

to wst the etftc1eu07 o~ r_sooI'19 rock phosphate an<1 

1 ts partially 8Jtd.dulated :pJ!ool1ats as eompabd to triple 

superpMs-phate m. cropping sequ.eaces ot riee-~ 

and rice-gI'OUDdmIt. !hese trials wre eondaeted in med1um 

land tf.hePe pound water table 1ft the. raul" seasoa oomes 

close to tbe SU'Ptaee.·!he solls of both the tielas dI9 

elassit1ed as tfaplaqapt (later1t1e). 'lha taxteal 

wsses of the experimen1al 81 tes an clay loam ant! s11_ 

loam. respectively. !he dom1nant claY' m1nenl as ident1t1etl 

'by earlier W01'ke:rs is kaol1n1te-1l11te. Fa1J- QlilOUBb of 

hydl'OUS o31de 0187 .. 8lso PRS0ft'. 

In the B:t .tal C8011 pH 5.8) mrv pa44ytt1l!l.'atapu 

(f)D..l3l-S-1) _s powa dttrins the kbarlt' season In a 

~SG4 blook 4es13D wi til • treatments aJJi13 

"plieatlo_. 1191'8 7 4tf~t pbl)sPhate oaDlen __ 

tested at tbt!ee levels 1.8. 40.00 Md 1m _ ".o,/W!b Ii. 
CJlOP "_twa aD tmltolm dose of 1S'J Wba app11et1 b 

3 sv11ts. 37.. If as basal. 19.7S Ka. lJ3 4a1's after 

traw;p~ am the· Hat ? ~a batoN pante1e iatUa.Uoa. 

Potassium was ~4 @ 60 IrI 'KgO/ha as ~te ot potaft 

1ft a SJWlt ts i.e-_ 30 • aft ~ and 30 _ at; 10 ~. 

befmm panlde lnttlat1«u TIle .phOsphatic 8~S w .. 
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~d taking Into eonsiderations the sPdn 71e1d aEtd 

phosphorus UPtake at paido1e tDittaUon stale. &d.l samples 

eo11eated ~ eacb wea_of;. Wl'e tested toJil ..... s-I 

.and Olsenta ,pt. COft'e1aUons ·Wft wcmke4 oat betweeft the 

,hosphort\$ uPtake and "s.el.4 .~ pa1a and soU test f p. 

values with phosphor. QPtakG and pain 1'1814. Grata F1e14 
from the ,control plot which did not hoe1ve .. ('PI 

7lalded 3u8 fllha ~s the 71e1d flJom the plot 

~eeef.viDl UDO-702 (~ HaP04 Partially ao1dulatea) was 

39.9 q/ba g1 v1Dg Q11 laorease or 2&;4 HoweveJtt thts 

inORa88 was of tho ~ .. of 0111,. 4~ as eompUGd to the 

plot Ncelv1ng f»ipl.e sftPe!'llhospbate. loth avaUab1e 'P' 

ot soU as ~wa 'b.V Bny's-I ana Olsen"s methott had 

atpif1eant ~af;lOiVJ vlttl ~ II1a1n net4 aat __ _ 

ot _P' ~ the CJ'QP. 1be uptatD9 of phoS!'hoPus at panie1e 

m1t1atlon stage ant! gnln y1e1d atso sl8ftlt1ltanU" 

coft'8latea wi fib '.' val us or 0.631. 

O~ (~.1a-4) was pwnas tb.a seoontl 

CJ'OP __ B:J. ",tal w1 ttl 1'esldoal ,hosPhuaa dthou, allY 

ftGSh ell'. apJ)lleatlml. ~l"t m Ia flIha ft?a odd_ 

~. ftlwate aD! SO ~ if.aOlba f.Tw Wldate of potask 

was. a,pplied ta .. t\!lV.fOW ~ ~ of ~. 1t&ts 

~ NWd.- cme ift'l,satioa 001" aftQ 40 d~s.t 

a-mtnatlcm. Iu tb1tJ ~~ y1e14 41ft_eAGe due to 

IHHi1dual ettaot of 41tteNDt SOUPCe8 ot pM~ m 
senerial W8 un· d-.tlo.l. 'RbwWJ!t.tb.eM was 81tJd.ft.caat 

4t"~ftOOU yl~d .. ~ eeaWOl am! thr:!. hBt. tbe 



vaafaents "calving me-60S ( ae1dulatea tdth ~ yo,,) 
and lFDo-813 ( aeldulatad with fB~ KaP(4 ) PJloaueed yield 

of 9.5 q/ba as apinst eoaWol y1e1d of· 7.9 q/ha wh10h 

amounts W ~ hlgh.e:rp l"1e1d.~t tis J1,e14 was Gftly =­
more than the plot Wbioh Heel vea triple superphosphate. 

Such .eSQlts lead to Ute conclusion tlbt pa'PUall¥ ae14u1atd 

rock phosPhate ewn. with - HaPO" 1a bettQp tbaa super­

pbosphate fop·1ntesratetl phosphate SV1PP~ to the soU. 

1XOel1ent posit1ve~at1on was o~d1aetwseauptake 

of phospborus aId the ultimate ~ y1elt! ( • = 0.823). 

AvaUable fpt extJ1aetable by ~·s-I reapnt cowe1ate4 

silfl1£loonUy with pa1n 71e1d (.:= 0.664) and phcsphoru 

uptake ( • = 0.593). 

Ia the Sa U1a1 ( soil pH 5.2) H'ft' paddY' °Prtl_ft 
(OR-].:41-3-1) was also ~ tdtb gs Weafmlenu aa4 3 

!'Gl'l!cat;iOU. S!nce pit of tIlts.U was somewhat fJltQ.I8 

acidic _0 the··l\ trw. plot, the soU'.s of phospb.ona 

chOsen weJ'$ dUteent. Hew ap1n blta. superphosphate 

waS ued 3S th9 s~ sourca'tor compaptsoa. BI'o,he 

80 ... 9 ·1WJ1u4ed pow4~ raw t.fwJsOOd.& wok ,hospbate 

as such _ :rock ~b. eoncenVated eonwatng 1_ a4 

a4$ total 'aOa- .-peo"vel,.. ~ t~ ~y 
B@ldtllate4 mateftals mSd~ted ROk phospllate weN 

al- asetJ w--.]$ y" aB! ?7J; BsP04 ~ ·wmtt as 

~. ~" was flO ~eaftt .ltre_. 1ft th9 pda 

yiald of eoatl'ftl 1'1ot and the ~lou ~ftng ~ 
!4WJ~_ek pM~te sud emt(J0ntra~ powd~ !<_$SOO~ 

.• ook pb08P~te-t the 1ie16 oMatne4 ~ the \dot of 
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IF'Jlt':-7Da (80$ RaPe) 4 ac1dlJ1ated) was hi_ .. ,. 4.G q/ba 

ttwn the cont1'ol a.mtlUUting to 1~ Msher. ib1s yield 1a 

0Dl,. 1.7 q/ba hishGta than that of tlt!ple-~hosPbate 

(~higher). ~ powril ~ phosPMte as ~ted 

i'OCk phosPhate did .. pertOft) w11 as ~ tD 

p~y acidulated ___ a O~ complaW" ___ 1ab1e 

som:aees beeause the soil was Yep? I)_Jt 1n lnbal'ell" 

'ertUlt7 1ft nspeef: ~ sfti1able .pt and also be ___ 

rice is ha1'd1,. oapah'l. to ~ot 'PI 11'014 1uo1uble 

S01l?ces. !he s..ay's-I ~'b1.e phoaphoru. of 8011 ba4 

sipJ.fl@ailt poslt1veGOPOlatton vl th 'PI uptaD 1'l? rice 

( It := o.m) ana paJ.a. Ji.e1d ( • == 0.639). Uptake of 

phospbonB and paift yt.eld had also slgo1tlcatl' eowe1atloll 

( , == 0.&33). 
a.oa&mt (1' •• d-l:a-M) was _own as ·ttte test 

erI1P m the 8a W1a.l to teat ~e ws1dUa1 effect of the 

pkOSPhate ___ 9 wIlloh were &P.P1W to the mrr Paddy. 

Nlt1'ogeB (if at) ltS IlI_ fltom calcium ~ _.fie awl 

potassium @J ., !'S rrgO/ba fttem ~te of potash WR 

.,1104- 1,'he ~ was Udgate4 S u.mea d~ the .-tIl 

peJ'iOd fa aft 1ate~ of one ~ . In. the· eontrol plot. 

pom'Jdmt.t po4 yield was 14.2 fI- whitth vaN 17.7 q/ba 

i1tl I.t11')O-301. 11.3 q/ba Sa :r~91.6 and 1'.3 ~ba tQ the 

plOt ,mlcb "_1_ srourd ftlssool'le l'08k phosPhate .... 

was ~. ~. 1tl yleld 4ue to IFDC-:DJ.. u against 

.. wo1 whSteaS:la othe, .. tmeDts tke IDGl!8:aa8 .. of 

tbe OJ'defCt mJC p ~- to the .. tJrol pi .. It i. 
J8wesdDl to ._ tma' ... vas sl8nUt.n' 41ft .... 

fA yield de .. vadOWJ --_. blat 41""" IQ .. 

,oa yield dall to .,. ~ .... t siPftCl4llt. "". 
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claarl,. indicates that even the mt.d~Qte4 •• 

phosPhate were 8.1 BaS04 has bean WJed as hlntt_ls 

good enough when eo CI'OPplng S$~nee of' riea and 

gr0W'J4m1t is taken. IDte2?S8~Y the yields obtdnet1 

fi'om the plot ~ pound rock phosPhate was app11ed 

1s the same 11_ 8.1 yo" tBea~ t-oek PhosPhate. 'lhel'e 

was no sian1fteallt ditfeJ.VGttOss amoq the ~s to 

build ~ a nsldnal 'PI Which 1rld1o.ates oleQPly that to 

b3dld up asattsfMtory 1}hosphate poteut1a1 ~ 

SOllPeG of phoSPhates should be PR~ 1B su. SOUs 

aDd eroppSng se_nee. S1nee 1 t is the qllQSt10n ot 
btd.ldlng phosPlnte eeneent1?attoa, theN was a1lD1fteant 

dltte~nc0 between the· 1ev4$ of applle4 pho~WJe 

SQLWIO! 
:t.. Mwlsoorie JOck pMePba.. whlell is of ~1ltaP.r 

ori~n due to its good "activity has Men cmtS1deMd as 

ODe of the. tmporiaOt SOUFCeS of J)hoophG1tqs fop dhteot. 11 sa 

m add so11s- tis haS be_ ~ ia the ~t 
studies part1~" ~ a' ~J4ng seqwrmca ot Bt. QQd 

legu.mtfJ 2JJml ~- - ~Wl' are --. ~t 
the mr.pe~!ltal elate genentaa tnm tMa stwt701ear111 

1Bd1oate4 that application of pouat 1*'S9002'1. l'OOk 

phOSPbafie :1a _ case of a shoJtt duatio:a ,a~ is of 

!lO ~. yu.- teoat1S6 ~ bas flO 1004 capad,ty to 

~e' phO_tWWI fIQm ~utde ~5t ~ the 

aftSl~1e native sd1 phoSPho~ 18 of metflume hip levttl. 
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2. In the 1\ trial of the present stmlies IPllC-'i02 
Til 

(50~ ~P04 aoidulated) 011 D'Do.91G <- HaP04 aeidt4.ted> 

weN equally good tS'O!il the point of view of patn vield. 
because these materials had both vats. solUble and 

Gltra~ soluble ~s of phospho~us to bmlef1' the Bee 

Ol'01J- tis 1s also t:rue 1ft the Is tft.al awn at pH 1.2 

vile" thesema~als could PM" their etftel$WJJ' as 

tar as .108 Is eonceme4. ~ the seecma cap ~ p~ 

ami Il'OWldmlt are taken lftto ecms1defttl_ lno-816 

(~ HaPO" acidulated) was goo4 enough. bfttore" one 

eouldoonelude that llS~ aotddlat1on with B:sP04 Sa prateMble 

leold.Q at the cost of ~_a. 

'blhen gh1ft yields of rice tAl'ld ~ OJ- rice 

and greaDthmt 1ft tow!'" an taken into oonsSdel'atlon 

ma-60S ( ~ Mldtd.at1oa tdth BaSO,,) and IJmC-3Ol 

(tdJd~.ted with g.l$ BaS(4) de pretenl4e 

respeeUvelY. ID otftnt words long ~ effeet or ~ 
ac1dulaUon of rock phosPbate with "aBO. Is .1004 
parU0v4ar1,. when 3 1esame Is a test .., wbloh bas the 

.",aaty ot __ etlns pboaphol'llS rwm 1Moluble --cas.· 

a. I'JtOtI ~at1on .stw1.tes of .,,· .. X Qail Olsen's 

.extNaotable pb~ftS ftJOmsoll td.th Ulatot phUphoNa 

uptsIta and ~ l1eld one em4d ~ nolUde tOO, both the 

extPetants 111M 4ependatile vIte1l dl pH Is DOt td.gh1" 

ao1d!@. ~. ~t .. i extlaOtant .~ be pnhftted 

ftW soU. taSttal when the ~H of ~ .u to Of the .a •• 

of s..0. 
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llil 1~ra1. the acid latedtle sons have a high 

phosPhate fbift8 capao1tyand theRtoN. it Is not 

ecoaom1ea11" feasible to bld.Ui up a saUsfaot0i7 plmspbat9 

potential 1ft such $ol1s by applloatlon of (Dmplete1V 

water soltlh1e phosPbate so.eea. ~, flfoa the point 

of view ot1aWghta4 phosPhate SllPpl,. to 0I'GP8 ta 

Hquenee 1t 1. possl'ble '0 meet the oIDllGll1G ., a4dlttOll 

of laqe doses of lassezpeulw ladiBenous roe.tr phosphate. 

1'0 meet ·the requ1hDlent of ae1cUa. !1etlbal and s1i8ht1.7 

aD'a11ne souS and to!' varieties of crGllptng ~_s 

partial addUlat10ft of !'Oek phosPhate to _dOllS 4epee 

is probably the QIlS8'eJl. to eemJ.Omtse the cost - ,besPhat4e 

~ser. 

unce the ~WI rook phosphate og OU· co-b7 

have urdly .. atllity of baing eonveted to -.tePSOluM.e 

~ due to heaVY expendtt1lY$ of the ,roeos8 1t is aU 

the mOH neoessal'V to!- tha soU se!edlstQ aid a~G. 

to pel'tMti _ tecb!101oIV of the dlNn lISe of l'OOk 

phosPhate .~ feasible. 
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APPE'NDIX 



AEPI.lRll 
ZMLN 

COIB6A«rIOtf (J) EFlICIEftb) Am> BRlSSIOlJ EQUAtION SHOWING BE RBLATIOISRIP DEMEKf !HE 
VAIIABLIS (J)1\mBLAnD (mAL-~) 

ftc- (Ia) 3.AVa1h1'4e t '. (alsea's) 

5. " .. ~ 'by rJ.Ga 

. "e., ..,takeoftpt by ----

20 

20 

ac 

20 

ao 

0.140·· 

o· .". • .611 

0.631·· 

0.883$$ 

0._·· 

'f = 8.611 + O.4mX 

y :0 9.734 + O.362X 

Y := 10.216 ... 1.6201 

Y ., 1.31 + 0.140 

Y = &.19? + 1.S40X 

hiZ' t J • n 11 • _ IT 



Ay'y'IIPII 
u ... a 

co..,morJ tlOlWJ\:CXIft ('1") AND ._SSIO! lIQUA!IOtf SROWI!m !lUX tlILA!IOlllSIP ~! 
m VARIABLES OOtmllLAftlD (ftIAt-.Ia' 

Val'la'b1es .. Nt.W-- --~------I 4t .. 1 '.- I lalteaelem. Gel_tiOD 
• . I , I, fE • L I II (" I' ~. 

Xw. YIn-------.. ~~-.~.-~.- .. --... --.•.. -- ... 

hi. ' .... l 1. AvaIlable tptCOlseats) 'UJtake .f .pt. .• o.a'M--.v t = 8.177 + 0.407.1 -_. 
Uptake of .,. ftc_ (4.11). a. AftUa tile 'PI (...,.. s-1) 
by.i. 
GLtas.a Jie1d of 
ftoe 

na. Ca.a} a. _11&1.4.'P'(01 .. "8) 

ft,s.C.,,) 4. AvaUable"tCBL-vts-I) CbeS.a yield of 
rtoe . . e. ___ , :ot tPI _ ft.oe ,GNia 7lel4 of ••• 
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8. _take of tP" ", 
8IIOada' 

'" .,.--, 
'-I ?leld of 
poWldWlfJ 
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0.?81 ."1 • 8.'180 + G •• U 

13 • 0.478 .1' =:I •• 884 + o.au 

•• 0 •• •• 'f :II 24.147 .. 0.888:1 

a3 0.581· y = 12.137 .. 1. 613X 

.IS •• 0._-, .. 11 .. 33ft +O.89X 

.as 0 •• - :r = 1.187 + O._x .. . 

as 0.7.- y *I 8.111 .. 2.6181 

.' :. ~~. >t'.~~; "'.~ . II d I 
I J J .' . "lIJ'ltJInJ 'n 

._." -- . ;:./ .. '~~-~'::-:.'~J:;""; .. Slgrdfl0.t at '"' level. 

~/ .,: •• ~t at 3$ level. 
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!,~~~ 
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