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.ll(] Llle ])r(](ltlcLu wt't'e' t'[t,t'.ctorizod. T],u ti"o,ir.*i
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are required with tlre forr,r,r rhon ..,ir,. .;ul^llpper' conlparable to CuSoo;nu*"r.., lowerdosascsare required with rlre fornrcr tn", *liri'tt,o"irdl. lower dosagcs

Koywonlu: l,arlt lizer ;

l. IN',l'ltot)UC,l,loN

t t t tc t'o r r tt I t. ir rr l ; sI o u - rr: lto si n 1g ; cap pe r ; poly p lros 1t It at e

Vttt'i,rrN rrrtvr r''lrrrlr rr rrr rr trrr r!r'r,rlrr(, rrt.trtvrrrrr.krr ans'ciur'd wiIrr trrc usc trI iruru[rlc ,r,tro u. lrucronutrre rrtfertilizers makc it, irrrpe rrrtivc if,,,i'if ,"r" be repluced,
1s 

far as possible, [,y ,i,,ru_."ler;i;; ;;;r"unr]s. How-. ever, the largc-scuic usc ol.suct, .r,,i,r"r,,.ts is e vcrr rruw,very limited. This rnay be 
"tt.irrri"Jto Ure ruct thatvery ferv types of slow_..l"uoi,.,g _IJ.n]iut,iont fertilizersare commerciallv availuble. Tire rnore notabl",f ifl"r"lthe p.hosphutc gi uss- fr.i t r, r..; ;;ii,.. ""* 

p.n"i u" ; c(,r r.tc_quently, tlrcir rrse 
,inr 

rrr,,Hily.,,,;rii;;;,, t',i tlr,, lriglr-v.1r,.,cropH. M.r..,vcr, []rr:,rr.v,rl.rr'if ity-,',i: ,,,,i,.,,,rrt i.rrr vur.iunwith,the urril ty;re ,1,,,1.1.ot ,f.rJ."l.i,.,, ,,ut',,t*,,r. srrtiuf rrc.tory (lleuter., 19TO) .,l,hic iB fr*rr,"_t,},_ uolulrilizutir-rnof ione trorn nhospnutu gi,,r*,1il;; by lryrlr.lyrrccl..v^g. of r'-l( ) I" r,,,,,,r{'i;i;"1, i,;'i;;;r ix ,r[t,t:rctr Lyvurious soil fuc[ors, urrch rr ril,t"lnjrcrature, ionic
" 

nature rif solurion, eLc. (Van Wlru.,'l'sdor.
_ .,,1j- j,l::ll,^t:. l:.,1,,q, 

rcgor-i* "r p,,ry, p i u, p h a Lc -based- 
11.v. 

rc I 
1a 

s i n g fe r.ri I i ;;; ;;;i;;J',;:, t,,#',1,.'J i?iff :glussy lrhoupltaLes which o.o p.opo.od'[.,,nl rrrelts andirrvolve [uui.rr Ierr]r)eraLurcs, betwe"n A0O urA 1400.C(l(rcrrru Clr.rnie, I 12,.,; 
.rt,.,,,,'.ru;,'; ;;;,"i,,,lrt,rts, I gZ7 r,',d ( ii ) t'c rrrt:rrr,lr,,"i,r,ri"" -i*,i.,i.i,' 

;;; crysral I rrre oru nr o rphous p rod u r-.rs. oL ta i n erl r t 
-il, 

I ;;:r".i;i ;;,; ;;:aLures, usuallv <s(]9:C tt_yon, "ini.,'lbZr; Sauchelli,19(i?; Volfkt,viclr, *r7zr. ,fiif,,,rgi,,l,,,',,',.,,,,t,,,.r,., rrr.iuirrgfi.rrr tlr, lrrglriy (.rr.r.rlHl.v(i r..,rrct i,iit ,,,,,,,lit r,rrx rrrrr,r.lrrt.rltvrtlr tlrt: ,r.'tlrrt.(i,rr .l.glrruu fi i,, ,,:"',,"*ligrlrle drrr.rrrgtlrc prt_rd ucrion ol rrr e, ra pi,rrpr,ri,:r,'iti,.' r'.li t, r,, t i ty of th clatte r cornpounds r,,.' ,".i"I,-.;;;;;." r,,re,rs ro bedoubtful. \Vlrcreas p9r3r:]!!r nrcraplrosphares showgood fertilizing poteririal r NDO, i'Sii;,"Vrlft ,vich er ai.,1975), s prrrcly nricrurrutricnt ntcraplr<.,spllBte (c.g.,t"ttose of Zn,.Cu, I'e, l\tn, erc );;;;;;;;;I;ib.n, *.ii ,i,,.unretaplrosphates o{' }reavy irretals urJ ii,gnf y insr_rluble

c'rrr1r.rrr.a (,l.lrilo, ltXi2), ln l)rc[, u ;rrrrcly micr'rrutri..rrt rrrrrlrrlrlr,nlrlrrrlrr t,r.ttlizor rlr,r,l tr,,l lrlll,(,ltr l, ltnvolrr-rurr aylrthorizod yol,. tho only ui.uiriir,, being lrcrunphosp.hafe, UpO, iVotfko"i.h,'rsili."'ef f orlrer conr.pounds suggested (l.yono et ul.', rgZi;Volfliovich, lg?2)are essentiully nracronutrient f K or Nt f".iili."r",irvhrch srnull r;uantiliee of ,"i"."r*,#ir:,.,rs a." irrcorpo-rated aa additiveu.
We ailempLed Lo.develop another category o[ slow-re I e a s i n g m i c ro n u tri e 

" 
t f".i i flr_,*'* f.t i. f-t w i I I ove rco rn othe rnojor lirnirarionu of rho ,*;;;;i;;; rypeu (Rt1, ot,1., ll)flli).'l'lrcco c'r,puurrtlu r,,, ri.,i,r,-"f,rrilr l,.rlyJllrru_phutcu ,f tlrtr rcepoctivo nr"iui ir"rl'rr.f , rrr,tcr.iulu rlor)oI uppoBr to ]rove been pr.eviourly ,".un,,,olrtled [,ruBe aB ulow-releueing nricronut.i;;;r;;;."a. Tlris nraylrr: tlrr. [, n,rrrn irrli.rort r;,,,;;;;;,;":,, tl,r, .,l,.rnicr,lnrnke up ol' short,-chain 
.rrretul potyptiu.innror. Slrort-chairr compounds, which 

";; p;;;;;Ly heating theresportiyo aci<l phosphates, contoin ul*,!. u,,,r.riil.,r,ol wBter soluble componenLs; tlr"y ur" t ighly acidic andex rremely, hygroscopic. Sol u bi I i t y ;; ;;l.i n. f,ygru".op_..tctty may be reduced by further fi""ii"g, ," [orm lc,rrgcr
llrail,nolrlhospharce. ^y"*S;";,-;r'if,;, trearnrenr, &considerable arrrount of insoluble .J_punrnt, ure alsuforn:ed, in which the nutrientro;. ;;;1" unavailablcfor planls. This plrenomenon is due to ih" tu.t that anypolyphosphare produced by fr.or,;;;lwayo currtuirre i,widu rungo of i,-0-l,clruirr l";;il;,V;;r Wuzor, ltl66t;tlrc nlrortcr clrnirru urc wrrtcr uoluble, wlrereuo loltgr:r
:lTl::-,r.* onty muy be-insolulie i;;;;, bur ateo inorganrc complexants. Hence, heating to reduce shortchain compr:unde also resulLs in un'inl."ase of longchain forms. Moreover, even irigirfy p"lf,renzed poly-phosphates contain water aot;Ue 'coriponenrs 

andbecome sricky *h"n 
"rpor"d ;' ;;', ;;o.pt,.ru.

Recently, it hae beerr possible Lo overcome thesehurdlcs to produce slow-rejeasirg r"*.".r,ricrrt fertil-
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rrr'r', lrlrrrrrll\', llttlr,strtllr'x irr iiriH nlrrrl\' l"irsl, tlrr'
kirrllir'x ol pull'ttt,'t irttliott ol r'ttpt'ir' plloNlllttttcl ltttvt'
lrt'r'rr irrvt'stigrttt'rl turtl Iltc ttttltltt rrrltl soltrllilitl' ol t.ltc
lrol.yplrosplrnt.o protlttcLs tlt:tcrnt.rttetl, Orl tlre bnsis oI
tlrost sttttlit's, tt stritalrlc 1lol1'plrosplrrttt' ltttrt [;1'1'11 111'-

lcctt,rl firr lirrtrttrlirt irln rlf' tlte sirlrv'rt'lcnsi,rg firrtilizer.
I.'innIly, this fi't'tiIizer compound lrns beerl charnctr-'rized
by variorrs lecltrrirlucs and assesscd [trr it.s ltrltilizirlg
potcrr Lia l.

Z M11,1.111111111,{)(i\l

('trlrtil ltt,lr0rirlI rt,,s;,t,'1,ttt,'tl lty rltrrnolvttrll ('rrli{)1 1-rll7()

(Alt lil)ll)rrr rrrrlr.r rrrtl rrr.rrtrrrlrzi.g tlrrx.lrrtr.rr *'rllr Nllr()ll
( AIt' ltl)l l t till, lrl l,rl tl - 1) wtts trttrrirrt'tl.'l'ltt',r't't i,rt'rttt' wtlx
r!rtslt(.tl, rlirrlyzt'tl, tlrierl rrl 80 "(), ilrrrl al,ort'd itt tt tit:sicctrtor'
(lrr?' c,rrrtt'nt of tltia srrrnlllc was detcrtllitrr'<l lr.v tliasrllvirrg in
(i N IlOl nnd recording the color oI the zincon complex
(scrrsitivit.y :10.0011 ppm) formed at pH 6.1 (lluah nnd Yoe,

lfll-r4). tlrielly, [o a aolution of Cu2' in 25 ml, volumctric flnBks
'.i;::r r:!rlld 5 rn[, of'tt Lu[Tirl sulutiort rrL pll 6l (tlrit wrrs

prcpnrctl iry rnixing 100 mLof 0.2 N srrliurn ncctntc (AR' IlllH)
i,,',i :l ,r''1,',,f'0 2 N ncctic ncid (AIi Ill)ll)). Irirrnlly l5 ml'
zi rrcolt ( 2-cnrbox,v'2'-h.ydrtlxl'-5'-strlloforlnoz-ylbcnzr-ne, Ii'
N'icrck) solrrtiott (prcpnrcd by rlianolvirrg 0 0321-r g of zincon in
() 5 rrrl,,,f 4'n Nni)ll rrrrd dilu[irrg to 25 rrr[,) wrrr trrldctl 'l'lre

xolrrliotrs tvt'rt'ttttrtlt'to vrtlrtlttt',tttltl tllt't'olor ilrtt'nrrrly
rr,r.,rrrlt,rl nt. (i20 rrrrr ( ltuslr rrrr<l Yor,. l1)5,1 ). Arlsorlrt.tl rvtttCr
(llr() ) rrrrrl (rllril rvrrlt,r (ll20,) rvr,rt' rlt.tr.rrilint'tl frolrl tlro
s'r'r11lll llrr rrl l t)[ rrtrtl t {}0()' ( ], t t'Hltt't l ivll\"1'lrt' t'otrtpoxit tutt

ol l ltt, crtiltpottrttl, t lttlx trlrl trittt'rl, r+ tlli lln l0llrlwr: ( lrrO, (i'l lil'X ;

It20', 30.56%; llr() , 2.31'?'.
()upric hydroxidr:, Ctr(OIltr, was reoctcd with IIsl'O{ (AI1

llDI'li solution rlilrrt.cd lo 46.49. I)zOr, (wiw). Stu.dardiz.ti.n
ol tlrc ncid wns lts dcscribed by Van Wazcr ct al (195'l)'

Wciglrerl {rttrotrrlts of Cu(OIl}r nntl Flrl)01 wcrc tnken irr a

plntiir,rnr crrrcible to ohtnin Cltr:P ralios of 1:2 or l:3' The

rrrixtrrre $,ns tlreri plrrcr.tl in n ntufll(,hrrnncc nt Il'r0 ''('( l0 0lr

"(l) lor !)() trrin t() r('lr)()\'('trlosl oftlrt' fr(,t' rvtttr:t" rYlticlt (,lll!sc!l

spattering losst's ttt higllcr t.tnrpertrtttres l"inrlll,y, it wtrn

hi,ott'd nt ll00 "(l (l 1 'tl), l]50 "C ( i: I 'C), or 4(x) ''O (* l l-r "())
{irr thc rlt,sirt,rl p0r.irrrl ()l tirrrc, coolcd irr tt rlt,sict'ttttrr 0r'er l'rOl,
rrrrri tlrcn rvciglr0rl. I,'rrrthcr cxpcrinrl'rtlttl_ rlcInils ol tltis
,1",,.tir,., *t.ug,, iiruy [rc otrtaincd fr,in Vtrntllc]rnri {19!}2). 'l'lle

rllrcl{'(l *r,,,i1,1,', wlrc wtlsltt'tl Io nlJrttrttlt' tllt' solrtlrlr' lrortiott
r,n,l llr,. irra,rlrrlrll rr.ritlrrc, lroth nf wlriclt rvt,rl rrlort'rl lrrr

tutrr l.y s is.
l)i.)lr-yrirn tion,. r^nrcters wcre cnlcrrl^lcd.'l'lr.se irtcl utlt' ( i )

*r:iglrt'l,ss pcr rirrit w.iglrt ,f llrl,( )r nctu^.llv ,r.xr,rrt (.6t.int'4
{l'.trt Lltc kn'wtr ut.rcrrgtfr .f plr,apS'rric ncirl n.lrtti.n' w/*'' trtttl
llrc kn0wn wcight 0f'soluti0rt trtkerr for rcnctiotr; orror rtrl)gtt

I 0. I ) and (ii) ttic Yoluc of /l (cuc +. IIzOfrOs) lbr tlrc re&cti0n

pr.orlrrcl, wlrich is nrr inrlcx oIL]rc clcgrec of polynrtrriztrtion.'l'lris
ls otrt.ninorl fronr the known wei*hlB of Cu0 trttd I'.rOo (ntttouttts

irritinlly rrrlrlr,rl ) rrrrrl tlril tulctrltrtrrtl w('iglrt..ol Ilr(), wlrit:lr in

r,,iltill lir tlro t.,trrl rvCiglr[ 0[ prorlrtt:1. il)illtls tll(' wCiglrt. o['(]tro
| |rOh in il {rlr,lrriln irr lln.y t'l lll,, l1}1)il)

Solrr{iorrrr, olrtrrirrt'rl lry wutlrilrg tlto rrrttr'tirrtt ltrilrlttcln rritlt
\\'il1(,r', \\'rrtt1 ttttrtlYl,'rl lirr (ltrr' lln l'lllr Tlll(lllr |iltttIlt.x (l(rtxll

rrrrrl Yor,, l!)[r,l) 'l',rlrrl l, wrrx tl0l.r'r'trrlttr,rl itr rlr,polytrtl.tiz('rl

soluti0rrs 0btnirrCrl lry herrtirrg sn uliquot conLtritling 0.1 I'] I ICI

nt 100 "(l lor 9fi lr firllorved by colt'rimetric analysis (+0 02

lrlrrrr) ns tlrc nrol5'bderrttrrl bluc crltrtplcx (Jackson, 19711) For

,,,.r,,1r'.i* ol tlte iiisoltrlrle rcsirlues, t'he sanre nlorententioncd
c,rlorlintt'tric ltroccthtrt's $'e rt'ltdopt"il cxccpI tltat lhc strntplcs

r.'r,r,.tiiss,,lvctl irr (i N ll('l prirtr to ('tr2'nnnlysis attd rvcrc

friscrl itt 5,,11|l lor tltt' tlllt'r'lrtirl{lli()ll of totnl I)'
'1'ltt'rt'sirltrCs rrt'tt'llls,t tltrrllilirtivt'll ttsst'ssCd ltrr th0ir

solrrl,ililr. it, r'rrrt,'rtq It'iig('ilts. 'l'1,. ''t'rlt'r''.0 l nnd l 0 N IlOl
rAlilll)ll),{) 2NlI'll)'l'r\rnlti,i)tlr,rtn(l(}:}:llrlcitricacid(t'lR
l.l lrlr.rtkt. 'l'ott s111111i 11',tttllltt ol s;ltrrJrlc itt tr tcst ttrirc'{lbl:ul'
'.ll) rrr11) rrits tttlrlltl 5 rrrl, ol'tltt'rertglttl, tltt'srlsplttsirrtl wtts

i,ll,,*,,irl to stltrrl. rrrrrl its trrrtrrrr' $rrs t.x;ttttittt'rl irt 1,t'rrodic

nty ri,'n

I
ii rvrrr lr,r'rrrlrl soi rl,/r', ll rr fi'w ptrrticlcn rotllninod ovcn
(i() nrirr, il wrrrr tllxcrilrt'tl ttr rr/rrtr'/.v l;olrrhlt rrrltl lf no

clrrrrrgc rvrrr obscrvcd evctt ntlcr 00 min, it war
insoluble.

Avcrrrgc clrnirr lt'ngth of prtlyphonplrntc (fi') w&t dctsm
by tlissoiving tlrc snrnple irr o,l N llCl, removing Cus
tlrc solut iolr by oxine extrnctiotr and finnlly titrating
stnndardized NaOl{. nn doncrit>ed in dptail by Von lY
nl. { l3ll.i, I

['t,rtilrz.cr snntplt'u werc prcporod by rt'ncting Cu(OHh
Ilrl'()r ((lrr:t) = l:li) nt ll-r0 "(1, nx dr'*crihed prtvl
Srrlrrrt'tlttlttllv, il wtrx ltcttllrl rrl il{X) "(l frrr {i0 tnln, w

u'r,tglrl Irxx ol () ll'l'/ g/g rtl' Ilrl'( )r wnx rtllt,lilllrl 'l'lrc

rnnHH wnx ctxrlctl, tttttrlc itlto tt ltttrtr witll wntcr' ltnd
or rliltrlc I l: I ) tlrxiccrrl{,r', Hr(}tlll(1, ntrtl xtored. 'Iho
rr,prt.at,ttt i ttg t lrt' tllrtl rtrl i ztt tiott renctittrt trloy be repro

11H (.lu,y ;il I1 r,;l'<, *0:,,,r I (J.51 (laCOr - Cuo rsl lo e6CaocrP

I 0 61 Il.:cl()r
Chenrical anBlysis of the fertilizers, copP€r calcium

phosphatc and coppcr ammonium polyplrosphote, wer

ty the some proceas described earlier lor the reaction md
Iir nrldition, Ca2' (*0.05 ppm) woa dettrrnined by A'{"3

NH{. (+0 2 mg) by Kjeldahl distillation (.lackgon, 1973)'

apcctrn ol thr.sc compourrdn werc recortled on a Perkin Bl

niodel 5?? instrrrment within o Ecan rrnge from {000 to

cnl I unir)g pcllete cont$ininfl KBr na nrotrir' XRD t

r,'corrlt'rl orr n I'lrilipa PW I 140 X-rny difl'rnctomeLcr urlnl

Ir rrlllrrtiott r,lclr <lrt.y) tttttl tlrr'(lttr' ttltttllrttrl nr tho rirtq{.$'$
,,,,,,,111,,* (l(trxlt rrrrtl'Yrx', l1l5't,. 1,, nllllltion, ,t:1T_"::?-fSii;
Cu2' solubilized by 0.1 i'i HCt, 10 N anrnronium citrarafp!:liii'
U.5), 0.33 M citric acid, and 0.005 M DTPA (AR Ferak'Brrl,.ui$fir
were nlso determined; the solutions obLained on ahakiug C#fl#
g of se,nnlo irr -20 nrl, of t.he reagent alld filt€rin8" Sf*
Bnalyzed for Cu2' {rB t)el'ore. -!!l

Plant growth expcrimenLa wcre corried out in porcelain poti

filllrr.tl (lrrKrr rrrrlintitttt ttt tt actttrtting x1x'cd of 1"2(l/mln.
Solrrbilizution of (lu2' lrrltn tltt' fertilizcrs, (0.1 g in l0 n

rrlrvrrllr)wrttt tttrtttrl rtftr'r 0,24,4U,72.96, nnd 120 h(rltt

Soils (0.. l5 crn) wt're collected lronr (i)l'unu, Ilihar, lndir(dd
nlluviurn; Ilnl;lnqucpt; pll 8.?5; ECe 0,68 d9rn; organi'c

0 {i0?,; nvsilBLlc cu?t, 0.001-r M DTPA, 3.00 ppm) nnd (ii)0 {i0?,; nvuilablc Cu2', 0.001-r M D'IPA' :J.00 ppm
Wcet Rt'rrgnl, Indin (Ilimalnynn Terai nllrrvium;nlltrvium; llnplaqucptl

r /Ar(. ^i,ail..l,l- f\.lr.ptl 4.tll'r; il(lc 0.il:] d...Vm; oignrric C, 1.46(: availnblo Culrlpll 4.tlir; Ll(lc ().ii;t d5/m; orgnlllc L' l.'lo"t; &vBrrtroro t/u',
il rttlt-, ttt I)'II'A, 4.95 ppnr). I')rrch pxrt cotrtairrcd I kg of &al

p,,t ii,r tlrr, I)trsn noil nnd two plntrtr per [x)t frrr tho Mal roi[.

At cnclr frrrtiliztr levtl, ftrtrr rr:plicnLea were pcrformed'

rcsullB rvcre sLrtistically arltlyzcd

nnrl rvus treated with n bunrtl rlose of au;rcrphosphnlo ( 100 a3
ol l'2()1,/kgt lt tnrrv lx'ntttrtl tlrnt tttt t'xctrr of phcrphrtr

li,rtiiizr.r *,rrn r,,lrl,.tl x. llrrrl lhc ,lrrrrl'rr rr.rlrtir.trtrtnt ofnutrl.
tiorrul It wouttl lrc cottrplt'te ly ttl(f ti reHp(rttac to additiorul P [a

the polyplrosphntr.r fi'rtilizcr would thrrh lx' of little corl+

t firr thr, I'trsn soil nt,a d*,ii,ini,iaper g,t frrr tho Mallort' ]i;
cncll ftlrtiliztr levtl, ftrtrr rr:plicnLea we re performed, t']

All.r,r ltrrrvr,xtttrg, grrritlx wcrtt trl'l)llrllttrl lrottt-!ltl rtr.tlw and 1i

,;,,,,,,.,"' ( lulrpr.' r u tr x r rtlrl t',1 us ( ) trS()r' 6 l l-4) 1t1,,*,:l]..^". 
Ui iitl=(lu(!n((' (lulrpr.'r uttx tttlrlt'tl rrs (lttS()r'(rll?(' trf, wull'!t Y!{3.,,1'

.',,J,1,,.. ,',,lcit,rr., poil'Pitotlrltrttc nt tltc rrtte of 0',-l (X) 2.T'l"T'lr',,;lic()pl)(.r t'rrlcitltrr poil'pitotlrlttttc nt tllc rrllc ()l (''._l t ! t:ry' :^1'dl;],1
,,,i,i lt.tltt pprrr (lur', *'hiclr ttre equivalctrt to0' 2'5' 6'0' 

10.0: 
ti;,

,r,,i itl.o'Ig of CuSOa./irn, renpectively. Urca waa :d{* *1nnd 20.0 kg of CuSO+/irn, renpecttvely Urca wql iou l1
wht:rrcve r ni'..'rrn.y. Poddy (lET 4094) waa tranrplant'cd b i{:
rL-. -.-r^ ,,- e ..,^^L ^l.l ".-linoo nl lha rntp of olre rtlent o,af ii'lilli';;,;; ,'"'i *""i'"ri ,^pir.s" "t-ir'" '"i gi ole'rrJglt -T iti

llnun wr,iHlrt wtt* r.',',,r,1,'tl Strnw, rlrilrl lrt 00 "(1, wn. dig{tlt6d ii
rvtl lt tritrrtrl, I l('l( )r I I lNt t, t llrs( )., ttrirturo (Jnckrrrn, .'.i

lll7lli, rrrrtl llrr, (ltr} lr'ttr tlt'tlrttritrt'tl lr.v AA,9, h'rrrnlly, S. t
'l

3. IiESUT,'fS ANI) DISCUSSION

3.1. I'olymerization Kinetics of bupric Ilhoo"

Jrhntt's an(l Nnture of l)rotlucts. J'he raLe curvee for

ilclryrlration poll'rrteriznliott ilt (lr.r:l) : l:2 arc' shown i

irr liigure t. At tiris ratio of ()r.r:P, ()'r( I{zl)Or)2, is lormed i
irriLirrlly (at 1l-r0'()) rvhich then concionscs with loss of

rvater. Tlrtrs. tlte lrrrrnatir)Il of nletBphosphote lnBy be .

rcPrcscr)t.('(l lr.1'tllc rcactitl) ()u(II2l'()",t2 * Cu(POsh +
2Il',().Irrtlrr'itrtcrrrtt'rliirtesLir8(.so[polynrerizB|ion,
polyphosplratcs arc firrmcd irl wlrich Aome o[ the O iole i
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l. 'Kinetice of Wotor lxruu
rrrrl lho (iorrorporrrlirrg It

ln tho lloactlon CuO f
Valtror

('rr It rlrtr'ttotr
I rrrrrlur tr,lrrpr,r'rrl rrt o
t :rllo) ("( II

wutglrl lorr
tgil ll,ll()1)

0.,,r99,)
0,1351
0. I 609
0.1 775
0. Il]?ri
0.2 139

0 I{i{;6
0.2 r 96
0.2{39
0 25.1tt
0 '277 ti

u.t 129
0.2523
0.2709
0.2737

I irttu ul'
lrrrnt t r rg

1ililil)
I( (CuO I
lll)/1,/orl

l:2 '2v
.t0
60
ri0

100
120

t6
30
.t5
60

90

296
2.56
228
2.08
r80
l ri9

220
162
135
L2.1
r) 1)9

170
1,26
I,05
1.03

l:3

roI
x
$o

o-
fO
:r
o

th
o
J
F
:cI
tdi

l5
30
.15

(;0

75

lo
15
20
25

x-x 31O 'C

a---t aoo'c

Cu. Ptl3

a -'^a 550'c

Tnble 2. Water Solubility of tho
the lleaction CuO + HsPOr

0.1302 I 02
0.1?0n- 1.48
0,2l0ri t.04
0.2:14',2 0, ?g
0,2.152 0.67
0.272t 0.38

lteaction Productr of

O 20 40 60 6u tOO tZA

TtME OF HEATING (nyn)

Figure l. Kinctics of rlclrydrntion in thc systcrn ()u()-ll:POr
ut Cu:P = l:2 urrd (ltr:[) ,- l:iJ.

Ily Cu2' ions. 'l'lrc r)llxitnurrt rveiglrt lrlss lttlr ullit llitl)().1
llrrrt, iu tlreorctir:rrlly l)oldilllc lirr tlrr:sc H.y$tcntH is 0 2?5{i
g/g Il;1lt0.s lxirrr:r 1.5 rrrol ot 27 14 ol'll1{) iir lost. lj.orn I

uloI or $7 975 g ol ll 1l'O,1 irr ut:cortlirrrcc wltlr tlle
reactions CuO * 2HrP0{ - Cu(l'lzPOa)2 * H2O and
Cu(HzPOr)z - Cu(PO3)2 + 2H2Ol. 'lherefrrre, it appears
thai the Byutern rcuclcrl at 400 "C tilr 25 nrin terrcls to
opproach conil)l(:te delrl,tlrntiorr, wlrcreus a! li50 "C rvillr
a roactlorl pcrro(l ol '/l) rr)in, con)l)lcLr: de hydratron occurs
with the lorrnrrtion ol ultrap]rosphotc. A! lower !e rn-
peralures, polymcrizalion is ccrluinly far fronr conrplcLc.

Shapee olthe dchyriration curves irppsrently suUgest
cornplex reoction kirrctics. Sinrilrrr Ilelrirvior has ulso
becn observcd fbr zirrc polyphosphale s (lluy et ul., lgglj).
In the Bample conhiining &t1 e xcess ol pho.sphoric ucid
((lu:P = l:ll), tlte nrllure of thc rlchyrlration (.rlrve
(l'igr.rrc l) is sinrilrrr trr Lhut of'the Cu:1, = l:2 sanrple uL
llrc sanre tcrnperature.

The R valucs ol the prrrdrrcts which indicate the exlent
of polyrncrization ol clruin lerrgtlr arc shown in 'lrrlllc l.
Vttlr,rcs closu to ll.O irrdicut.e unpolyrrrcrizcrl orthoplros-
plrutc, Cu(ll2l,O1)2 lOuO: l;ll20 :2;p2Ot: l, hepce
CuO * lltO/P20s: 3.01. Values close ro 1.0 indicate a
very long chain rnetaphosphnte, (lu(POrr)z lCrrO : l;
P2O6: 1, hence CuO + H2O/P2Os = ll. It is seen tha!
cornpounds with /l vslues BI)prouching 1.0 arc lornred
only st 400 ur il50 "(1. ()urrrpounds lirrving ilrtcrrnediuLe
vslues of ll (beLwccn 3,0 ut)d 1.0) Bre {lcid polyphos-
phBLes in which sornc of the [l , iorrs arc substitutL<l lry
Cu2' (Vun Wuzcr, l{.}(i(ii. Successivc incrcuscs in L}re
Ienglh of the clrain rnay occrlr l)y c(,rr(lr:nstliot) of
terminal ()l I grouir.s. 'l'ltc producLB arc thuH csBentiully
twin P-0- l' cliains, thc two units ol'wlriclr orr: con-
necLctl by Cu aloms. 'l'hr, pro,Jucr- contuiirs terntirral OII
groups which ilccount {ur t}re [l2O component o[R (CuO
+ II?O/PIO5).

Solubility ol the poly,l.rhosphates lormed are shown in
Table 2. In general, there is a trend ol decrease in
solubility with incrcirsrrl periorl ol hcating althorrgh
haphnz.lrd trcrrtls irrr irlso t:r'itlcrrt lrlrr.trt'trlirrly rrt :liltt

(lrr:P reactiun
(trolrrr tcnrpcr{lturo
rntio) ('C)

Cu2'
(% coluble)

lw/wI

P l':Cu
((,L soluble) ( rrrolur

lw/wl rutro)

time of
lruuting

( nrin )

ll()0t.a

350

400

20
,t()

r;0
80

100
120

t5
30
45
60
?5

r0
l5
20
25

l5
30
.15

60
75
90

l0 lri
l(i 20
27.03
24 t2
2 l'.14
96{

'il.21
26 l0
r6.16
18 96

1.35

30.60
15.53
Lri3
?,61

69.1 9
ril99
68 0s
68.05
39.62

1.26

{9{0 000
61.85 6.58
5.1.4.{ 4.13
53.28 4.53
53.1{ 5.08
43.82 9.28

6.t.76 6 30
b'2.42 1.r2
37.12 4.7t
37.23 4.03.1.30 6.53

'51.60 
3.4ri

28 88 3 rJI
15.74 3.36
15.91 4.29

77 5',2 2 6r)\ 8o.{s 2.6{i
78.60 2 37
83 60 2.52
63. t3 3 27
25 82 42,03

l:3

"C. 'l'hus, at this temperature, the oolubility of Cu2, is
initially low; it risee to a nreximum and decreases again.
Similar behavior ie also observed at S50 .C. Tlre
urrusual solubility data suggest thal hydrolyeis of the
solublc cupric phosphateo to the insoluble cupnc hy-
droxide probably hau an inrportunt effect particularly
in less polymcrized compounds. It may be obeerved that
ever) cornpounds having r? valuea close l.o 1,0 conLain
soluble Cu2' ('fable l). Thiu shows the wide variations
in clrain lengths in tlre polyphosphaLe product. I'he
tre nd in the datu fLtr'ft, P uolubilized ie airnilar Lo tlrat
for tft, Cu. 'Ihe rnolar P/Cu ratioa aro very high,
suggesting that acid polyphosphatoa are mainly boing
aolubilized.

The composition of the
ratios are Bhown in Table
clf Cu suggesls selective
phates leuving a residue
I). Tlrrrs, tlre rcsidues

,.,..r,)il :., rr ,

regidues and their P/Cu molar
3. Here, too, the high content
diaeolution of acid polyphoa-
which ie richer in Cu2+ than
which rernain insolublo are

. .lrx)

3l-r0

2to

t70

\
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'I'rrble 3. Wntcr-lrrsoluble ltesidue of the I'roducta of the llenction Cu0 + l13POa: (i) Contents of Cu'* snd P and (li)
Soluhilitf

eolubility in
('u l' rr.rtlltorr

l ""t: l'11'lll-.-tl, lllli':' 1" ""' (')
l'|l xllttlrlr.)
Iulrrl

loN 0iilM 002M
ll('l crtric rcid gmA

I

s
SS

SS
3S
I
I

S9

SS
SS
ss
ss
SS
I

SS
I
I

I

I

I

I

I

I

SS

t 
"'2

'2\t 52 1r.l

4() l-r2 lti
{;o 52 1).1

80 .t I (i?

I ()0 .1 I rl7
120 :]l.t till

I fi .1:j 5:l
l|0 ,10.75
,llt :l{; ()7
(;0 :]ri 5{;
75 llo .l i
l{) .1i '2t)

| 5 ll5 .15

:lo :14 H:l
'21> 1I2.1){i

')(i 2'2
2t 77
'2t],'2')

22 .5(i
'22 ltli
23 33

22 56
l9.tl-r
'21 l(t
2.1 liu
'2(\ .,1.1

'26 4.1

'27 ',21

25 (;9
2l 5H
2 Ll-rlt
I8 52
25 (;U
2ll.(il-r

0?u
0.8(i
0 ?il
l ll
I t'2
I'):l
106
().1)r,|

137
I.it'[
l.7ll
l0I
l 5:l
I (i()

l (;tl
l 2.r
I (i7

I 0l)
0H9
1 45
l.69

SS
SS
SS
SS
SS
l

SS

S
S
S
s
S
SS

S
SS
I
I
I

SS
I

I

I

S
S
S
SS
I
I

l:3 t50 15 ,12.50
ItO 4 I 4l-r

4 5 .lo 51)

{;l} .12 5(l
1lt ll{i:}2
1)O 28. 7 ri

soluble; SS, slowly goluble; I, insoltrblc.

S
S

s
I

I

I

{
I

n Abbrevintione: S,

'l'tble 4, Chcmicnl Compoeition, Fornrulnc, l-cngth of the Copper Polyphoaphate Fertillzerg

coI)lxrr calcitl rrr polyphospltrrtc c(,pI)cr anlnloniurn pctypho.phata

9( Otro
tI, I'r{ )6

',/r Oo0
'/r NIIr'
,t" ll/)
.h Il?o
totrrl
lirrlrrrt l t
clrnrrr lengtlr {rt')

rnosLl.y Iryrlrol-ysis produc[s. WtLh longer perirttl-r rrl
lrent.irrg, Llte 7r' ( lrr irr llre renirluc rlccrottst's I'vitlt rr

Hu[)sc(lu(-.lrt, irrcrcrrst' irr t.lre I)/()tr tnolrtr rttt.io.
I).2. lrornrultrtiolt ()f tho Oop;lcr ]'crtillz.trr. Soltr'

biliLy churaclcrislics ol'Lhe pol.ypltospltrric t ('Hidtl('B trre
,rhown ilr 'l'nlrle ll. lt rrrn.y lre ollst'rvctl tlrrrl. c()[)J)('r
polyplroclrhnL(|4, l)r(!llrlrcrl nt (-lu:l) = l:2 rtttios, ltttvt' lrtrv
solLrbiliLy irt nrosL rellgcllLs. 'l'!rug, nt 300 "C rvillt n 20
min hcating perioLl, the product is slowly soluble in 0.1
N IICI &nd is conrt)letely dissolvr'd onl-y [).v 1.0 N II(]1.
Ilven in 0.33 I\'l cilric ncid, the contllotrnd is insolultlc
allhough it does dissolve in 0.02 I{ EDI'A. ln lhct, even
a cornpound obtained on reacting a Cu:P - 1:2 nlixture
at 150 oC has insoluble characLer which is conrparable
Lo thosc obtained nt higher tentperntures. With Cu:P
: l:3 mixtures sL 350 oC, except for the first conrpound
('l'able 3), all olhers nre insoluble in both complexalrLs.
Ilowe ver, on lowering lhe reuctirin tentperattrre to 300
''C, il was observcd that a Ctr:[]: 1:3 nlixttlre wlten
hentcd for 60 mirl (wstcr lose 0.047 g/g of [l11POa) lrns
lhe tlesirnblr: solrrbility l)rop{rrtion. Il iH soltlblc irr rrll
oI tltt trlir,'r,,..,,1.ior]t'(l r('llg('tlLH (txi'('l]t 0.1]ll M t:ilrit: rrcitl,
irr rvlriclr it slo,,vl.v solul,riliz.cs ov('i-nigltL. llowever, u'ltctt
the conrporrn(l \\'Irs ncu[rnlized wilh CaCOrl to a ltll tlf
ll.0 rrnd Llren dricd, groul)d, nnd tested, the solubility
characlcristics sltou'ed ttn itttlrrovelnent. lt soltrlliliz.ed
nrore rnpidl)'in nll rengL'IlLc irtcludirrg 0.33 M cilric acid
(rvitlrirr ilo nrirr).

( )tlrer pol.ylllroslrlrrtt cs rvere thr:n p1p1v11.etl at 300 'C
rviilr (lu:l) l:ll.l'i rrtttl (ltt:l) .= llll tvlriclt rvrtt'c tlclt\''

l7 22
4'l .4ll

20 28
12.63
'2 io
I t)0 3t)
(luo rzll r ro(Nll1)1 rrl'o e;0s rc
2.77

IIowcvcr, lhe solubility of theee cornpounds in
cornlllexrrnLa wnB p(x)r. Thert,lrrre, il nllponred t]rat1

Jrro<ltrct slrowirrg a wcrglrl krxc ol'().0,17 /g of tlrklr ri
( ltt:l) - l:ll, pr,*.,''';1'rl t.lrt' plrtirrtuttl ,rrr,t'rtioa. Thi
vnlue o[- t.lris protltrct is 2.ltlt trttcl t[tt, nunl[)r: r I
clrnin lcrrgtlr (ii ') oI tltr' polvpltoallltrrt.q clrnin ia 2.?7

'l'lrr. t'oppr,r pltosplrrrtr, lrroposed ttlxrvr-r ir, I

both h.ygroscopic nnrl ncitlic, lt lran earlier beon i
servcd (llnl, et al., 1990, 1993) Lhat h.ygroecopicity u
acidity o[ t]re pol_yphosphales is duc to the preaenct
free ncid groups. Therefore, if theee sre 6ui
neutralized, both drawbacks may be easily ov
Subsequently, the desired quantities of the fertili
were prepared as described in the methodologr eecti

3.3. Characteristics of the Fertilizer
pounds. Chernical composit.ion and sLructural
lae of the I'ertilizers are shou'n in T'able 4. It
noled thal allhough the avcrage number of
groups per chnin is2.77, irr re&lity llte prUtlucL
chnins rnuch larger as well as tI)uch slnsller than

IIt spt,cLrrr oI tlrt' ctrlcitrttt tttr<l rrllttirotlirtttl frrrrnr of
r'(,1,1)cr lrolylllroHplrrlt.t's trtc rltowrt irt I"igtrrt' 2

is urr ovcrnll sirrrilru it.l' in thc ril)cctrrl of the
conrpounds excellt firr Lhe strottg absorplion aL aroud.
1400 crn-r duc Lo tlre Nllr' ion. lloth
contain considerable arnounts of' H-borrded water
eculeB, ns sirowrl by lhe v()ry Btron[J abnorptions at
crn" l. Tlre presonce oI ehort chain l']-0-P

t5 olt
,1 I .1;r

ziJ 59

857
7 t)0
to I 5l
('urr iql lri,rr,(lur, 51['9 5,6O2 62
r) a:

mql
P-0.

is nlso irrdicaLed b.y the nbsorptiorrs at 1150- 1050 cm
firr lorrgcr"t:lrtrirr rltLaplrosplrntca, tlrcta abxorptio

350

l'('rr l) I N
(rrulrtr nrtiu) Il('l
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WAVE NUMBER (CM{)

l-igure i. Infrur.d absorl;tion spcctrrr of (rr)c.ppcr calcium polyphosphate and (b) copp€r ammonium polyphosphata'

;-

o
6I

cr
F

and Lowe, 195'1 ). StreLching vibratiorrs trl I)-O-l)
groups are obscrved at 950 and ?00 cnr l'" Xtitl ol lhe two polyplrosphates are shown in 'l'able

6. 'l'Iru I)rcdetlr:c ol'ttIr trttloryltotts l,ltttstl itt cotlsllicltotts
by a i;,road rellcction at 6-7 A. 'lhurc ure ulco I)Llllle rous

ulru,rg pcnke indicrrting cryatallitro phuacrt, which uppe ur

[o ltuiriur. ltred.r.r.rrrrL irr t5. rrr'nr,rrirrrti lirrttt rtttlt.r
llturt irr tltu crtletttltr lot tlt, 'l'ltu t:olrpcr crrlritrlrl ltoly'
pitouliiratc ct>ntitiltg crrtttllottnds sttclr tts ()lll sill)'.lO?'
2tlrO and Calll'O1'2llr() (JCPI)S' l9?8); tlrtse are

prolrollly lirrttretl tittt rttg l lte treulrtrlizuliotr tll li'ec acid

by OnO03. Apurt 1'r'orrr llre se , ccrtuitt rclltrctitltts urt:

.i.,rnr.,on to bolh contpottttds ur,d ttiay te aiiriLi;tcJ to

the polyphosphate lretwork. In fact, such "polypl.ros-

phate skelelal" rellections &re also shown I'ry zinc
polyphosphatea (ilay et al , 1993). The attrrrtortiutn
compound conlains (Nllr)zill'}Or and Nil.rlIzPOr (Table

5 ). Otlrer unidcn tifi ablc unttrtolliurrr polyphosphatts 8re
aluo pre sent which trc c()ntmon to thc antrnoniuttt forms
ol'llolh copper ac rvell us zinc polypiloophates (llay et
al., l9{)lJ). ln fuct, tlrc spccLntttt rrl Lltc r:()l,pcl trrr}-
rnoniurn salt is extretncly cornplcx; the heterogelrcity
ol'the sample togelher rvith a lack of sufficienl re ported
dala, rnakee it diflrcult to interpret the spectrurn in
detrril.

Solubility of the two fertilizcrs itl wafe r nt vttrious
pcriorls oI l itnt' is sltorvtt ilr Tallle (i. 'l'he ctrlcitrttt lirrttt
is t,lrgr":rved to lrtr lttss solrtlrltl tlrurt tlre tttltlttoltittttt (irrltt,

probubly due Lo cross-lirrking ol'adjucent cltuilts by Oa2'

ionr. Increasc ol solubilily with Lirne is also ltlw,
inrlicating slow hydrolyuiu of polypiroaphale clraine. In
lirct, solubility prrttt:rrrH ttre rtrtlter cotltplcx lrt:t:tturc

solullilizcd Cu2' tttuy re ve rt to irtsrlluble lirrrns irt
conrl;iltutiott wiLlr ortlttt rtr pyropltosllltutc lirrrrtirtg
()u 

1( l'()1)2, ()u2l)1()7, t'l-t:.

In dilute acid l0.l N II(ll) us wcll us in all the orgtnic
conrplcxants thut werc tested (Table 6t, the lertilizcrs
show very high solrrirility (90- 100'/,). Solubility of the
fcrlilizcrs itt vttriorrs tltritctttt:r.s r:lrlicltl t)',lrL the ()u2'

in tlrcse conrpoutrrls wotrld bc rcudrly trvailal-rlc tr-r plants.
Under various e ttvirotttttettt.s, ollu or lnore crf tl)e e xtrtlc-
tnnls such as IICI, EI)'I'A, I)'fl)A, etc. ore used frlr

X-ray f)iifruction Charactorirtlcr of tho Coppor
and Coppor Ammonlum PolrRhoeltrlloll-Tablo 6,

Culcium
copp€r

-_crr 
lc i u m pol y!,hujPlr!.-_

d (A) / rustgntncnt

coPp€r
ammonium polYPhoePhata

d (A) / utaigrrmcnt

10 05
{} l2
7 ?tJ
6 rJl

1')7
3,16{
3 058
2 978
2 9.lo
2 B.l9
2.636
2.6s0
2 508
2 356
2.r81
2 103
2 0{0
l 982
l9l8

OuI)y
l,l,
(lnl'
Irp
CUP
Cal)
OUP

Irp
CaP
CaPp (?)

Cal)y,CaP

CuPp (?)
Pp
CUP
0u['p (?)
Pp,Cul'y
0ul'p ('l)
Cul'p (?)

961
6 8 t(b)
623
661
634
6.0{
{ ,67
4,40
3.869
3.?70
3.64 8

3 453
3 232
3 089
3 018
2 886
2 81{
2 800
'2 667
2 636
2.4r7
2.350
2.3'26
2. t,r t
2 032
2 018
I 926
l.tilJ8

28
{0
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60 NIAP
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20 Pp (?)
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tu

36 MAP,DAP
u
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5 AI'P

28 CuI'}p (?)
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I I Al,p
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5
9 Cul'p {?)

I(N I'P
20 MAI',Oul'}p t?l
7 0u l'p
4

I
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:l
{
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"Alrbruvruttottsr AI'P, anttrtttttiutn polyphoolrhute; ()ul),

CulII'}Or'21l:Ol (luPy, Llur 6lII'207'21lzO; Oul'p, copper polyphor'
phate; DAP, (NlIr)zHPOr; tr{AP, (N}lr)llrPOl; Pp, polyphoaphatc
framework.

evuluatrng uvailable Cu2' in soils (Block, 1965; Cor and
Kampratir, l9?2; l,indsay and Norvell, 1978; Pon'
nanrperurna et al., 1981), Considenllg the fact that all
such exLroctanLa, which are uoed for deLermirring avail-
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CSnractcrlatlce of Uoppe r ['oiy'phocphatc Fcrtilizcr in Water and Various lteagente

l(irrcticlt of Solubility of Oopptr [)olyphonphnto l-ertilir.er irl Watcr

'tr (lu2' nolublt ullcr n houro

:t

I

a,)

:l 8.t
,l ( il,

Solubilitl' oI Ooppcr I)r:lyphrtsp]rote Fertilizcr rn Vorious ]lengetr[s

li'r I ilirr,r

Lupltlr cnllittttt p,rlt'plt,rlpltrtll
col)l)('r llnlnlorliu rtt lrolS pltonplttrtr'

').1

:t 2:l
6.0!)

110t)(l

:t ?:l
6.36

8.i{
6.?C

0 :]:t l\l
crl ric acid

l.{} N rurrrrtoltitrtr
citrrrtr lpllE l-r)

0 5 N rrrrrttr,rritttrt
urt'(rrtc t 0.02 IU

El) lA (pl{ 4.65 )

0.005 M ,

cttltpur cttleitttrt lttrlt Jrltosplltttt
col)l)cr rrtrl Irl(trliu rrt llolypllos;rltrtl I'

'l'ablc ?. Avcrnge Gruin and Straw
l'olyphoa phutr-'

I ()0 00
I (.)() {)0

Yit'ld of Irnddy

9l-r.tl6 9l 7lt
l()() 00 . l(x).Ou

on Applicatlon of CoPPer Sulfate

,-7 44 ,3 sl ]i

and Copper Calcium

i
,{

!.

f,

t'
d

tl
t,

i)

$
I

soil

u\(.rlrlir gratrr yit'ltl (gt rwrtrl{e itrrru' l loltl {t}

0 1 00 2.00 4.00 8.001.00 2.00 400 8.00treatment

( l)l)nl )

4.83 4{r 485 4,79 {,6{
,l 8il 506 6fil 648 6.6{'
7.88 8 29 8,55 8 69 ?.88

7.88 8.8ti B.4l ?.9{ 10.{l' .

Mnl

l'trRn OrrS(.)r
co1,p,rr culcium polyphorphnlc
CuS0r
coppcr culcium polYPhooPhnte

o Significnnt increrrse in yield over the

4,05 4 lt2
4 ()5 l-r 21I'

10.08 I I.60
10.08 13.32'

control (LSDo orl

4.62 5.32.
4.96 5 Zif

I 1.32 12 42"
I I .35 12.56.

5,41"
6.0i-r"

t 3 .il'f
13.19"

nblc Cu2+ lrorrt srrils, cttn extruct, >90(% olthe (]u2t frotn
llrc fertilizer cornpourlds, it may be ill[erred that lhe
nutrienL ion in thc lerliliz.crs ig in an alnlost compleLely
avnilable lorm. As yct therc is no other ynrd stick to
jrrrlgc Lltc nutrietlt Buppl.yilltl cnpncily of irlnrlltrblo f'ertil-
lz.,,ro, lr,'rrc,, tcclttttqrtctl used for &Esessillg soilc huii bcerr

rl)plied ltcre , lo thc [c,'tilizere.
In rlrtlcr to obtnirr htrlher ctllfirlllntiolr oI tht' ltrrtil'

izirrg r,f)icit'rr('\', t)llttlt growtll {'xl)('rill}('l)tH \r'{'l{' ('lll l i('(l
out.. lt('stllts ttt (' sllo\\'ll in'l'nlrlt ?. ( )vr.r-rrll itit'rt'ttst' itt
yitlrls rrrc oltst'rvt'tl, wi Llr i lrt' slrrrv-rclt'trsi n g li'rtilizcr,
rvlticlt nro stntisticrrlll' sigrrilicnrtL (LSI)0 or') nL the l'00'
4.00, and 8.00 pprn Ctr2* levels wilh the Pusa soil For
CtrSOq, increttses are observed at 4.00 and 8 00 ppm

Cu2+ levcle. Thus, whereas Lhe addition olonly l ppm

Cu ns tlte slow-rcleaee fertilizer cnn Eignificnntly in-
crcnse crop yicld, tI 8ir'rlilor itlcrcone is possible'ollly wilh
tt tttttch lriillrer dogc of CuSOa (4 pprn (lrr ) St rnw vicl<ls
clo not<tifl-er nignificslltly. With an acidic noil (Mnl soil)
too, the Barne trend is observcd. Llere also, the elow-
release ferLilizer produces atr increase in yield at one-

lourth the dose of CuSOr. The lrinls, lhtrs, indirratc thal
even without considering the residual efl'ecls Bnd envi'
ronmentnl edvnn[sgcs, the slow'relea8ing fertilizer ia

an efTicient nource ol Cu2+ Bnd i8 equivalent to CuSOI
in its lertilizing ability; however, dosage requirements
frrr the polyphosphnte are rlittch lower tlrnn lor CuSOl
thcrt'hy intlicnlirig gI Cote r li:rtiliz.cr-usc elfrciertcy ol tlre

lirrrrrcr trurl(!t'itt l.
(lrrtnIa o['(]u2' h.y l]tc plnnt.n is sltown irl'l'rrlllc 8.

Iltri,, rrrr tlrlrlBtllll lrtlrtd iH ttlrHr:rvt'rl rvlriclr iH rlrritrl
t',rrrtrrrry to tlr,' trsrtttlly (lrp('ct.o(l lroltnviour. ltt l::l:llt o['

the plnnts trcated with (lu2t firliliz.cr, (-lu2' contettt ttf

the itraw'is r:iLher ct;uivalcnL [o or less tllln t]rat of thc

corttrol lrlnrrts. 'l'lttrn, (-'u2* cottt.cttt is srgrrificrintll lcss

tlrirrr tlri'r',rrtltol, nt'1.00 nntl l{.1)() pprtt ()tt2' lcvels ftrr
t.lrt, ('uSO.1 t r('irtlll('llt nttd trt 1.0(t pprrr ( ltr2' lt'r't'l tilr
tlrt'slorr'-rt'lt'irsirlg lcrtilizer trtrrttrrtt'ttt; nt other li'r'tilizt'r
lcvt'ls, tlrt' (ltr:' cotttt'ttts oI tot',trol rtrrd trcntr'<i lllntrts
rrrc strrtistit:tllt' ,',lttivttlcttt. 'l'r't'tttls irl totrrl trpttrkt ttre
sirrtilirr.

Tablc 8. Ugrtakc of Cur' by I'nd<ly Straw on Appllcrtloa
of Copper Sulfato and Copper (lalclunr Polyphorphrtr to

Puaa Soil
dose of Ctr2' (ppnr)

Cu2' contcnt, mgA<g of
pnddy utruw (totll uptake, mg)

trootm0nl

CuS()1

copJrcr lrtit iutrr I 1.00
polyphosphnte (53. l3)

o Significanl ,ltcrcasc over

1.00 2.00 {,00 8.00

I I 50 13 00 5.250
(50 72) ((iJ 06) (26.15)

4 60, 8 76 1.76
(z',).77\ (48.21) 14',).47)

'the control (1SD6661.

0.c,{l
(21 21t

?60
({90s)

In this connection, one mny reler to l-oneragan (19?6)

and Robson &nd Reuter (198 1) wherein numemut
sinrilar atrnornrnlitieB betweL'n Ctr2 t fertilizntion 8nd

Cg2r c61tt'rr! ol tissrres rge lt,porLr,rl. Tlrus, lenvca of
plnnts givt'lt n lttxtrry arrppll' o[ ()rr2 ''*.'cre bLrrcrvcd to
iuru ,rrn." tlrnn ?O7n o[ Lheir Ou2' durirrg grain develop
menl (l,oneragan, l9?6). lrl contraet, leaves of Cul'
deficient planLs lost less than 207o. PlanLs receivinr
lowest Cu2* doses ehowed higher Cu2' concentrationl
than planta receiving higher Cu2* dosea. Such r
phenomenon has been termed the Piper-Steenbjerg
l[[ect (Ulrich, 1952) after il wss first reporhd for Cur'
in oats by Piper (1942) and in barley by $tcenbjorg
( 1950 ).

Il.esulLs oblained here for prrtldy nre, thereflore, eimilar

to those oltservcd itt tltlrcr lrlurrla such tl8 whcat, bnrloy,

and oaLe (Loneragan, 19?6; Robson and lleuter' l98l).
ln fuct, the obscrvat.ion thrrt incrennitrg the Cuz+ lsvel

in the urii Jucr onFtfh Cu'l' ctlttlettt rrI tttntut o lcavcc moy

it-self strggest that the pol.vphosphate [ertilizcr is capable

o[ incrensing the avnilable (lu2' contcnt of the soil aincs

thc yrlrrnts show lowcr Cu2' cotrtenl in the flerlilized ilran
irr tlre corrLrol soils.

4, ('0N('LUSION

Irr cottt'lttsiotr, it trppetrrs tllnt the ctrncept oI elow'
rllt,rtsirtg nticrttttutrit'lrt li'rtiliz.ers trast:d ott tlre ehort'
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