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INTRODUCTION 



OBJ.P!D. I 

IftRODUO!IO. 

Altout fifty y.ar. ago So.m.r aDd Lipman (1926) 

•• tabl1.~e4 the •••• ntial1ty of .ino in tb. nutrition of ero,.. 

Sino. th.n the .ub~.ot of .ino nutrition ~a. attracted a.my 

worker. and duri1'll the pa.t on. d.oad. o0Il814.ralal. 'Yol •• ot 

lit.ratur. with r •• peot to rio. orop bM aoOIlllIl1&t... Du.. to 

the ao.t ta'Yourabl. clt.atio oonditione tor the lrowt~ ot ri •• 

orop India .tande tor_oet in total rio. ar •• of the world. 

In.pit. ot the .ain _ph .. i. ,i'Y.n to the orop 'both by the 

.oienti.t. and tarm.r., the per heotare yi.14 ot rio. 1. 

oC'Mp&rati'Y.ly low 111 Indi.. It i. the oonatant .1I4'.'Yo"r .t 

tho •• conoem.d witb rl0' re •• arch to inor •••• the p.r .. It 

71.14 ot rl0' through 'Yuiou. aeau .uch a. 'Yari.tal 1IIpro'Ye

•• nt, 'b.tt.r •• nae_.nt practio •• , optillal t.rtill.atloll alld 

.ttioi.nt plant proteotion •• a.ur ••• 

With the tut .pr.ad ot Il.w aDd _etter bleh yi.141 .. 

'Yari.tie., 11 •• ot aor. Ul4 .or. ot hlp ~78l. tenll1 •• N 

and re4 ••• " a •• ot tampr4 a_"r. aD4 .000,..t, th •• 1."

natrl •• t re,.lr •• llt ot the orope .. w.ll a. th. 4.pl.tl •• 

troa tb •• 011 hu. b •• n .11 the till. Oil tb. illor.a.iDe .14 •• 

R.no. th •• td,. of • lo:ronut rl.nt. , 4 ••• n ••• peoial attentl0. 

fro. the poillt of 'Yl.w ot .ax1ll1.1111 ri.. ,.1.14 •• 



A 01 ••• ~,.1. of the .10ze_tr1 •• " " .. 11'_'. 
of 1'10. 1' ... &1. that wltb r •• ,.ot to lre. &ad ........ . 

tb. toxlolt, ratb.r tban 4.flol ••• y 18 a pro'l .. 1 ... .. 

...... Copp.r,"rea aDd .01y".ulIII are BOt 11t.l, , .... _. 

l1ll1t1Dc 1 ... l.w of tb.lr ooaparatl ... 1, •• acre "",11'_." •. 
It 1. th.r.for. rouo ..... l. to u ... tls.t 1. 1'10 ... 1' ..... l' 

1 •• 1ao wblob oft.n "'.0011 •• 11111tl. and WU'NIlt •• ,..1al 

.tt •• tloa. It 1. peril.,. for thl. re ..... tllat 1n till. _t1'1t1011 

of 1'10. .1no 1. ooa.l'.r" •• xt oaly " •• 1t~I". 

A pl.tbora of ... 1'.110 •• h •• aoo_ul ... '0 .how t .... 

1'10. 1. _18101«»«10&11, 1101'. adapted to tlooded GOllellt ina 

(J., •• ~lD4., 1976). It 1. well 1' •• 0 .. 1.04 tbat '11. , .. ,.le .. 
Gb_l0.l aD4 .. 101 .. 10&1 .,.t. u4.r •• 1141'1... of .... 1'1 .... 
,,-,-.It 

1 •• 1ft.roat t~ wh.t 18 0 ..... ".4 lID4.r DOlW&1 001l41tl .... 

'lb. lD •• tic.tl.u lnto tb. __ l.try of " •• 1'1 •••• 11 ,ro .... ' 
to liPt 'otll .... ail" .... aDS 418 ...... ' .... ill Hlatl ..... ,_ 

."rlt lou of '11. 1'10. plaat. Whl1 ••• t'b. ODe lIad 'la. _&11-

&bll1"7 of ••• " ot t'b. llutr1 •• , ... 1 •• , P, ~. oat Me. 8, ,. aDA 

~a laon .... 'b ..... lla'bl11t1 u4 .".t •• f .1M •• 'la. nll_ 
lIaIl4 •• onu.. (h __ peru.. 1972). 

Dltt.rell... ill tb ..... lt1l4. ot ••••• "11.111t' ,. ,_ 

•• flol ... , ot • utr1 •• t Oall .... 'tr1'.'" t. til •• 1ft .... .. 

1D tla •• '111t7 t •• It .. r'b t'b •• 1_., 1D .... tlo. fIeII tla ... 11 

"'/01' ,.-l ••• t. lt to til •• boot. or to tll. 41It."_ •• 1a 



tb. oono.ntratioD of tb. .1.m.Dt ••• 4.. 1a the ti •• a •• fo~ 

h.alth1,rowtb (Vo •• , 196'). Vari.tal 4ift.r.no •• in ,h. 
r •• pona •• to tb. applioation of .i.o w1th r •• p.ot to rio. 

ba.,.. b •• n inT •• iigat.d in •• .,..ral o.ntr •• ot India. In f .. 11 

Bad", o.rtain .. o"nt of pre11Jlinar1 work ha4 b ••• don. aII4 

d.tail •• iD ••• iilaiioD tor a ol.ar an4.r.tan41Q1 ot , ••• '1 • 

.,.ariabi11i, .. plo,i»g the pOPllar .,.ar1eti •• ot the stat. )ta.,.. 

Dot 80 tar b •• D attempt.d. Host of the work oarr1" oat 

.arli.r ool'lf'iDed to the at"d 7 ot INiIl aD4 .traw ,i.14 'bat 

tbe intl".nce ot sino tertili.atioD on rooi growtb, .booi 

«rowtb, sraiD yi.ld and. uptake of DII.tri.Dis ba.,.. Doi M •• 

thoroUCh17 .t,,4i.4 ,.t. Tbe fir.t ph ... ot ib. work wu 

ih.r.tor. ai1led .i io •••••• tb. r.l.t i.,.. r •• po.... of 

,.D.tiaal17 .,.ariabl. popular rio • .,.arieil •• ot i)a. , .. 11 .... 

St.t. tor grad •• 1 • .,..1. ot .ino t.rtili.ation. 

!b •• .,.a11&b1l1t, of sino lD the .011 1. oontroll •• b1 

•••• 1"al taotor.. AmoDg tb •• ioroDutr1.llt .l ... nt., .ino 1. 

"'.1"1 u.n1qu. in tbat 1t oan beba •• both a ••• tloll &ad anion 

aDd the .otl.,.ii, ot sino 10. 1a tb. _bi.Dt .0U .olai1_ 

Doarl.1I1Bc plant root. 1. 'b. aet n.alta' ot •• "'.1"&1 

.11Iu1t ... o •• 00ll,.t1t1 •• ob_ioal .qui11bria ... i .... It. Tul. 
s. 

tora.. Th. a.,.&11ab 1l1t 1 of siao ,,11 ioll .)ao., pre....... iat.r-

aoil •• "ltb the .01i4 .atris of 'h ••• 11 1 ••• '.ralaet 'b, ,~ 

a"tual i.'.raotlon of quantit1. 1~ ... it7 aDd kiBeti. 



paraa.t.r.. Kln.r&1o,loal 00.,0.1'10., loll '.stare, •• 11 

pH, .011 t •• peratur. aad orlanl •• att.r h •• M •• mowa t. 
1nflu.no. the q.ant1t1 lnteDalty r.1ation.hlpa ot .ino 10 ... 

C,,", 

.. apou •• to t)l. app1ioatl01l ot .1.Nutrl.nt t.peD4. 

aot ouy 011 It. aT ai lab 111 t1 ill tll •• oil 'at 8180 _0" "Jler 

taotor ••• oh a. the aTallabl11t1 ot ot)ler .. tri •• ".. lla •• 

tb. requlr.1Ient. ot .10ron.trl.ntl .re a041tl" 'b1 tit. pre-

•• no. ot oth.r •• oro and .10ro nutri.nt. and a. the 00.po.itl0. 

and oono •• tratioD ot Dutri.llt ion. 1a the loil .01utio. are 

10T.rud '1 the .011 ooB4itiou it 1. a ••••• ar1 to at .... , th. 

re.pou •• of •• 1.l'Onutrl.nt in r.latl0. to •• 1'11111 .011 

.0D41tlolLl. K.no. tb •• 011 plant r.1atlouhip \lB4er ..... 1"1. 

loll 001141t10u luoh .. 8011 with .ad without oa101ua oar) ... 'e, 

1011 wlth htch orcaaio .att.r oont.at. hiell lo4i.1t7 001l41t10. 

&D4 .u_.re.a .. wlth partl_lar ref.ruM to .1 ... _"rltloa 

Wal tll ..... lIIt t. 'b. 0 t lnt.n.t aacI tON.d the •••• au th1r4 

ph •••• of ta ••• t1l.tloa. 

!lIIe r.oo,Bit10a of w14 •• p:reacl .1no t.fl.lenel .reat .. 

• onaiter.ble iaterelt ia the .at.rlal1 that wou14 'b. Iultable 

AI .1ne t.ri l1i •• " • !houth .11l. .ul,hat. vu fo,," t. )0 a 

.atlltao"oZ7 .. t.rla1 tor oon.nl. tb • •• tl.l.DOl 'It.r. are 

.... 11&1 nuolll vII, oth.r •• ".1'1&11 Iho\114 aot \. lJl ••• "1cat .. . 

11n"l, .iDO tr_ • hieh11 101._1 •• at.rial. 11_ .1 ...... l'JI ... . 



.a, b. rapi4ly oon.rt.4 in the .oil to fonl !lot •• &1labl. 

to plant.. Th.r. i. n •• d for d.",.lopa.nt of a aat.r1al 

vbioh .an r.l.... .ino .lowly thll. redlloinc th. rapl. 

oon",erlion. 3.00n411 .1no .1llphat. po ••••• bigh .01ub1l1ty 

and poor pb1llioal fora. 

fiolllty in .pplying it. 

B.no. the fam.r •• xperi.no. 4U

Thirdly th.r. i. tb. po •• ibl11" 

of ob.aper .at.rial giYing .ati.taotory oontrol of a.flol.n01_ 

A ob.ap and ett.otiY •• etbod of ... ndlDg tb •• iDe 

d.fioi.noy of loil il ot par_aunt iJlportano.. Apart troll 

lolubility dift.r_no •• a. a rllult of aooompanyiag anl .... 

the ab.orption and u.ptak_ at .ino baa beln toWld to be J.D.

flu_no.d by .od. ot applioation luob .. 1 •• 4 loaking. Illd

ling dipping eto. 

A .y.riad of oh.lating aglntl .",.n at ",.ry low 

oono.ntration are quit •• tt_oti",. in o •• roo.ing the rat. 

l1.Jliting Itlp. of lolution, d.lorption aDd dittalioll whio~ 

often l11lit th. tranlport of .ino ioJUI to plant root •• 

I.tural and .,ntbltio obelat •• , wh.n appli.d allO oo-extr.ot 

nati",. foral ot .ino and other lIioronutrilnt. and it 18 thl 

"ltbat. ionio 'balano. ot th ••• ioJUI witbin tbe oolltln •• ot 

tbl law. of .t.ultan.ou. oh .. io&! Iqu.ilibri. tbat 10 •• ~ 1,. 
\lltillat. a .. allabillty to plaat.. 'lu.1ly how tbe plu" "ptak. 

at .iBO ooour. by differ.no •• in ,b1l10a1 &D4 ob .. loa1 toza 

.. wIll a. ditf.r.nt •• tbod. of app11oatlon 1. wortby ot 

5 



.oienti~io enquir7. Henoe the ~o~rth aDd ~iDal ,~ .. e ot 

the .tudy inTOlyed an inTe.tigatioD o~ the e~~ioaol of tb. 

different sino oarrier. and different .ethod. of applioation. 

With the foregoing point. in Tiew inTe.tigation ... 

detailed below were undertaken for a olearer lln4er.tan4iDl 

o~ the influence of sino on the growth and nutrition ot 

rioe: 

1. Inflllence of sinc fertiliaation 011 tbe growth aDd 

nutrition of genetioally Tariable popular rioe 

Tarietie. of Tamil Nadu .. 

i1. Growth and nlltrit ion of rioe a. influenoed 'bl .oil 

oonditions and zino fertili.ation. 

iii. Growth and nutrition of rioe in .odio .oil att.n4an~ 

upon reol ... tion and sino fertiliaation. 

iT. Souro •• and .ethoda of applioation o~ sino on the 

growth and nutrition of rio •• 

6 
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OJLUl!D II 

UYID OJ LI!lIU!UD 

A 'ri.f r.Yi.w of lit.r.tur. p.rt.ia1D1 to ,~ • .arlo •• 

'b •••• ot iJay.n1c.tioa oom .. pla'ecI i. t~ •• '1147 i. ,re •• :at .. 

in th1. oJl.pt.r. 

A. Ar •• and producnloll of rl .. 

!b. po.ltloll of Taal1 BacJu aM IJlCll. ill rl •• ar ..... 

produotloD 111 rel.tloa to the global plot\1l'. 1. pr ••• at .. ill 

App.D41x I. 

!b. .'oy. t.bl. r .... l. tb.t wbl1. ID41a at&D4. "~o.t 

1. rl0. area tb. per 1II.otar. ,.1.14 1. Ilot .y •• tlft, p.r ••• " 

of th. wor14 u.r ... 11.1d. Co.par.d to tb. per ~.otare 11.14 

of 6485 q 111 I:on., 6185 kg 11l J.pm a .. 5'26 q 1. Ie,,, ... 
bay. to CO • 10DB w.,. to _toh th •• lf Bot to .xo.l tha. 

18,,..1 (1975) reporte" th.t. aM"t 8 .11110. lI.nare. 
('..T\. I.:. 

ot rl0. grow1ag are. 1n Iadl. 1. d.fl.1eat 1. Ill. 

J. Zlao 11l tb. a.trltl •• of rl0. 

'anD. U4 Yo.lI14a (1970) fra th.lr .an.l et rl ••• z-e, 
1ft .... ral ~l&1l .o~rl •• gaT •• 1 •• erali.e4 pl.t~ .f 

orltl .. l leT.l. tor •• tl01 •• 01 .. well .. ,.xi.lt, tor Tarl ... 

_trl.llt .1 ••• t. (Appell41s.II). 



A oouid.ratioll of the .ioroautri •• t r.quir ••• t. ot 

rio. wou14 r.Teal that with r •• peot to ,. aDd Ma in .o.t e •••• 

tb. toxioity rather than 4.fioi.noy i. a probl... Ou,. &ad 

Mo are not likely to b.oo •• limiting in Tiew of the eo.par

atiTelYlllagre req\lir ... nt of orop. ':rbenfon the .io"

autri.nt Z. alon. ott.n b.001l •• lillitiug aad wan-ut •• ,.01al 

attention. A .hoot oonoentration of 10 ~ at till.ri~ .t.,. 

and straw oODo.ntratioa of 1500 PPI at aatllrity It ... were 

fixe4 a. oritioal re.peotiT.ly for 4.fl.1.n07 aDd texi01t7 1a 

rio •• 

Aooording to Kaawar (1969) on. h.otar. of rio. orop 

711ld1111 6.5 tonn •• of grain an4 9 tonu. of .traw ~.., •• 

640 « ot J., 645 I ot MD, 191 I ot la, 76 I If Ou, 56 I .t B 

aDd '.6 I of Mo. 

The anal181. ot rio. plant. tro. 4iff.nat 1'10. Crowl. 

ar.a. ot the world as r.port.4 by Tanaka aa4 Yo.bi4. (1970) 

1s pre ••• ted ia Appendix III. 

PrGII tb. aboT. table it oan b •••• n tbat rio. plant. 

1n India are poor ill •• P, MD. anc1 Zn l»ut riob in 1:, 0. aaI 

Kg wb.n Go.pe.d to the rio. plant. ,rown ill .tor •• aDd Japaa, 

tb. two oountri •• ¥hiob .taa4 tor •• o.t 1. per _ •• tare 71.14 

.f r1e •• 
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o. 101. aa4 twaotiona of liDO in 1'10' 

Th. iDdi.,..a"l. _ture ot In ia the IlIlt rit1 •• • t 

rio. ha. be.n w.ll brought out throuch .olutioa .ultur .... 

f1.1d .xperi •• nt •• 

1. Ziao - r.lat.d to the lrorth of ri •• 

Tokuoka aDd G,o (19'9) 1a tb.ir wa~.r Gultur. exper1-

•• nt. ob •• n.d tb. adelltion of 1 ppa ot la to 1IIpl'OT' the 

growth, 11.1d and quallt1 ot rio.. Pillai (1962) ia f .. l1 

Hadu, •• a. (1962) in Pantnagar, Murtby .!!!!. (1969) ill Aadbra 

Pracl •• h, Randhawa and Takkar (1975) in Pu1l3a'b hay. al.o repon •• 

b.n.fi01al .ff.ot. of Zn applioatioa. 

!anata and Yo.hi.a (1970) repon.4 the .tt.ot ot 

applioat ion of 40 PPI of la on rio. (AppeD41x IT). Ia.nu .. 

oono.atratlon of siao and b1&h.r 41'1 •• tt.r 1i.14 w.re toua4 

to aoooapan1 In l.rti1i.atlon. 

CJucwar aDd Malm (1972) 0'b •• n.4 tbat la appll •• tloa 

IJlor .... el tb. drJ .att.r produ.tioa ot 1'10' aDd.r flo .... 

oon4itloa. Ba4ra.bal_ (1971) .'b •• rY.4 poor grow'tla ot reot. 

ill III 4.liol.n plant.. !1I. retardatl,a ot Hot ,.l'Owtb v.a4.r 

d.1191.llo7 ot Za wa. a180 r.port .. 1t7 ShUll ... 4 Rat .. O" (1970). 

2. 11., "la, .. " •• 11 .iTI.ioa 

Brow. 11 11. (1966) .1» •• "" a _arp ••• 1' •••• 1a til. 

IIT.1 ot RIA u4 1'11»0".' OInt.at. ot •• ll! 1Jl tb. 0 .... 

9 



of la 4.f181.1lO7. All •••• nt1&1 1JlYol ..... nt of 'a ill ofto. 

pla .. l0 rlbo..... ha. al.. b •• a 18410at.d b7 ~k ... Pl.oko 

(1971 ). Polyoorpoohl.\lla &ad llIa .... 1r1a (1972) oould.red la 

u •••• ntl&1 tor 0.11 e!1 ... i.ioa. !h. r.tudatloa .f 0.11 dif

f.rentlation ane! .041fl.atloa of p1 .. ,1. atrQot\lro wa •• ' •• rY.4 

'b1But1.r aDd Bal1.y (1973). P.ro1dla .... i.1I (197') ob •• ~e4 ,. 

app1ioation to fa ... our pref.relltla1 aoou.a1.cl0. of 01l1.rep1l711 

'b and d.orea •• oh10ropby11 a/ob10rophy11 , rat 1. • '!Ja. 

ne •••• ity of Zn for grana format10. was a1 •• ladi.atod. 

,. Zino - ;.181.e! '2 the .nly!. &011 ... 1tl 

Skoog (1940) 0'b •• rY.4 Zn 4.flololloy to b •••• 001a'0. 

witb d.fioi.lloy of auxlll. la.on 11 11. (1951) iadioated & 

d.pr ••• ioll of trntophaa .1Iltb •• i., llu.r ooDd1ilo .. of III 

d.fiol.noy. Wa11ao. and Walker (1970) .o .. ld.rod Za to ,. an 

•••• nila1 oo.pon.nt of .nl,., funotioniDi in oarboh14rat .... 

prot.iD •• taboll ..... 11., d.h1dro' ...... , prot.taa ••• aDd 

p.ptlda.... !b.y list.d 'Slt ZIl •• tal1 •• 1l111l0. ill plaa" ... 11., 

oarboni. anh1«ra.., alcohol d.h7lrog."", 11u, .. 1. 4.h,4re

g.aa.e, laotio aDc! .al10 d.hyirol ........ al.olaao. 

!~ •• ft. 0' Oil RIA a.t1 ... 1t1 ill two "arl.tl •• of rl .. 

(la1& an. 101 .84) ill a ZIl d.fiol.n' .011 .110_4 re4.otl0. 1a 

&oti ... l'14u. to In t.rtl1l •• tloll (AnoB18o •• , 197'). 

In 



4. 11M nl,Sd S, '"~ 'MDI y.lI, " ,.nal .ra1l 

Dinot u4 ill4ireot nlatiouhi, .f III to ••• ,.. 

.y.". ill the plU1 1. Jl&Surally r.tl.n.# 111 011.... .t 

.nerl' ".alu •• of o.r.al ,r.in. 1t •• 4 (1"9), T •• k 11 11. 
(1960) BD4 !homp,oll !1!!. (1962) .howed ~i4.BO' for the 

1'01. ot In 11l .taroh •• taboll... Singh aDd Jain (1964) 

ob •• n.d an inona •• ia oru4. prot.ia .f riOl ,raln. 

Sai,u.a 11.!l. (1972) r'ei.t.r.4 .. lnonu. 1D 814 •• a. 

tr .... ino 8Oid. in Zn 4etioi.nt plant. a. 00.par.4 t. t" 

oontrol. !h., ob •• n.4 poor nitrate re4uot ... &D4 prot.a •• 

• oti".iti •• la tb. III d.tioi.nt rio. planS •• 

»Wi"..4i aDd. R.an4h.wa (19") fro. Sh.ir poS ana 

fi.14 • xperim.Dt • ob •• n" that &44i tloa of 5 ppII of III 

oau •• 4 a '1cnifioant ril' 1D oarbohJdrat •• ,rot.ill &a4 fat 

oont.nt of rio •• 

D. Btt.ot ot .ino 4.tl01.a., la 1'10' 

Du. to the introduotion ot h1cll yi.14iac TarieSi •• 

in rio. tll. m08t .trlkiDg t.atun va. III 4.tiol'''1. AI a 

r •• u1; ot hieh.r 7i.14. 0'b;aln.4 witll iDo" .... t."i1i .... 

"." lllli4.1l0 •• ot III 4.ti,i.JlOl 111 rlo. ha".. ).00 ... Oft 

trtqu'Jlt 1a •• , 4."..10plq .cnunri... One tbir4 .t 'II. 

aorae' u4.r rio. 1D 11141& i. plaat.4 with 1I1c1l 71.14111a 

11 
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Tarl.tl •• (Oarn'l. 1977). Z. 4.tlot..Ol 1. 1'10. 1. I .. ia va. 
tlr8t r.port.d '1 •• n. (1966). A'.~t two m11110. h •• tare. 1a 

Japan aDd 8 .i11io. h.otar •• In Iuia (IatJ&]., 1975) )la'l" H,. 

r.ported to .utt.r tro_ III d.fiol.UT. Th. b 4.fi.i.1l01 •• 

r.ported to b. wid •• pr.ad in .uie 000tr1 ••• 

Zn d.flol.noy .,.pt ... In rl0' both UDd.r fl.14 aa4 

101ution ~ltur. ha'l" b •• n Indloat.d by Kart. &D4 Vl .. 1. (1962), 

YOlb ida aDd Tanaka (1969) aad T&IL&ka aDd y •• h 14a (1970). 

1. Vl1ua1 ']lpSo., of d.:l01.a91 

D.fiol.noy of In In rl0' 1. I"ppo •• d to oau •• lha1ra 

dl •• a •• (In Indla), Badd_ dl •• a •• (1n Pak1.taa), 2a,.-t.7. 

4i8.a •• (in Pbl111pin •• ) aDd a.,are-typt II 4i ..... (ia la,..). 

!b. dll •••• i. obaraat.ri •• d bl midrib bl.aah1na ot th1r4 ana 
JOllJII.r 1.u... Brown .pot •• b1otob or .tr.at. will b. olt •• " •• 

Oil tb ••• oond or tblrd 1._'1"'. !b. root. ot att.ot.4 plan". 

are .oanty and Drowa and tb ••• ,..r.ly att.ottd one. 41 •• 

(Ba4zoaobala.. 1971). 

Thorn. (1957) d •• orib •• Zn 4.tlol.DOl .. 4~.t10 

b.oaul. of 00.b1n_tion of oh10ro.l., r ••• tt1." 41.baok ... 

d.pr ••• lon ot 'I'.,.t&ti,.. growth. 

Karia aDd nal. (1962) ooll4u.ot ... lalterat ••• lat1 •• 

oultllr •• xper1ll.Jrt. to .tu41 the .ft.ot ot .lo"u.tr1 •• ~ 

4.flol.D01 •• 1n 1'1 •• plaBt (Appendix T). 



18 Z .. 4.tioi.nt plant. t_ •• 14rila. ot t'b. 1 ...... n 
l,ay •• "peoially at t'bl _&a, la.oaml 1.110wi., ~it •• t'b. 

iateuity ot whicb d.or'.led witb 1.Dath apwar4. Th. dark 

browa n.oro.i. tb.n appeared oa tb. app,r part a.ar th. ti, 

13 

ot the tbird le.t ot tbl Za 4.tioilnt plant. 4~i .. tb ••• 0." 
w.ek aner tranlp1antiDg. Tb. top growt'll wu .11ppr ....... a 

M.u1t o~ w1110b the la.t ,mlrg1_ llat «rew Y,r7 11t1:1.. fltl 

whole leaf beo .. e neorotio and rol1,4 tro. li41. n.ar tb. ti,. 

T i11ering val 001lp1.t.1y ab •• nt aDC! no l.eeI. WIre torw ... 

Murthy!!.!!. (1969) aM Kri.hn .. urtb7 aM Vlnut •• waralu 

(1971) ob"rY,d Zn 4efioi.noy to caul' bleaobing of .14rlla. 

at baaal port iona ot 10UDI liaye. an4 .ppeArano. of 4.rk )nd 

Ipotl in aft.oted leay ••• 

FOrDO It .1. (1975) oblerYe4 • talnt l .. t.rY.inal --
obloroaia at tbe _aa, of tbe 70UftI ... ~iDS 1 •• t followed )7 

the app.aranoe ot reddi.h broVll .pot. oa lower 1....... Tb. 

ohloro.i. ot 10ung 1eay,. at ba., b.oam. aor. 'eT.re aa4 

.xt.nd.d up to .ietTeina. 

2. Pbl!iololioal .tt.ot. of d.fioi.nol 

Po1700rpoohk1:aa .nd KhaT.klD (1972) ob •• ft' •• lul)11:10a 

of prot.a 'JIlt, •• l. ud .00Wlal.tio. of tr •• _1 ... u14. 

a •• o.pui84 la7 et •• r •••• ill tb. aotlTlt7 of ,l11t.a" •• IIIIJt"

,1 •• " 4 .. to Zn 4Itloi.DO r. 



:I,.t.in (1912) .t.lt the aarted • .tt.o" •• growt)l •• 

aOGount of Zn 4.fioi.nol ... 4u. to tho illtlu.no. ot z ••• 
tbo auxin 10T01. Bo 1'Dd10atoct that oou.ntr.tloll of tla • 

• uxin and lDdolo ••• tl0 aoi4 in Zn 40flolont tl •• u •• trope •• 11 

b.toro Ti.ual .,.ptoa.. !h. roquir .. ont ot Zn tor •• 1at ...... 

ot .uxin in aa aotl .... .tat. waG al •• o'.erYo. '1 Skeo, (1970) 

aDd Butler &Jlc1 Jal1" (197'). Baa.l u4 I: ••• tl. (1970) BO"_ 
tb ••••• ntlallt, ot ZIl tor the .7Ilth •• i. ot tr7P'tepb". A 

.... re .ft.ot on obloropl .. t • .ad.r ooD41tloae of In ,.fl.i.llOl 

va. roportod bl Tbo.,.on an4 Wl.r (1962). Blabol .. (1961) 

.\1&g •• t04 tbe .004 tor en.,.10 ... al (a1401a •• ) to cl.t.n I. 
4.f101.no,. Sa!cu.a Ii!l. (1972) ., •• ".4 4 to 8 f.ld !aer .... 

in .. ld •• and tr •• .. lno aold. in III d.tloi.nt plant ..... a

pare4 to oontrol. ShaNa and Rathor. (1970) .'.orY.4 lower 

rat •• ot nool.ot14 •• yutho.i. aDd .y2 illOorporatlon into 

lipidl aDd nuol.io a014. 1n Zn 4.tlol.nt plant •• 

,. Nutritlonal .tt.ot. ot «.tioi.nox 

•• n. (1962) 'baa tDdtoate4 tb •• ollO.atration ot Dtrt •• " 

.l ... nt. in tb. no~al ... 011 .. Zn d,ti.l,nt ri., pleat 

(App.ndix VI). 

Tb. alto .... table r ..... al. that a I. atarY.4 plant t ••• 

"0 aooa •• l.i. 8110b lea ... out •• f .oat utrl •• t .le •• at ..... 

ihl. &Oo ... i. tor ib. iD41rooi .tt •• t ot ,. , • .tloi ••• , 1& 

'.prea.illl ,ro"" of the rio. plaid. 



, 

•• Btleot of .tn. tozl01t7 .a rl0' 

Beyond a oertaln 1 .. e1 Z~ produ.e. ~d •• 1ra~le .~~.ot. 

both d1reotly aDd 1D41reot17. 

Tomoka !1!!. (19") .la.ened iJl their .01,,'1 •• ou.lt1l." 

ezperi.eDt. the etteot ot lnorea.iDS 844itioDi of Za •• ,ze.t~ 

ot r1oe. HiDdranoe 10 floweri. at 10 p:s- le'Yel aD4 pol ..... . 

etteot. at 20 PPII l"el were ob.erY". Bat .uob a ph ...... . 

• e140.ooourred 1n .011. Tuaka and Yo.bida (1970) ._ •• n" 

d ireot tozio etteot 0111, beroD4 1500 ppa in tbe rioe plaai. 
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Indireot .tteot. inolude tbe influeno. oa ib. utl11.atl •• 

of other el .. ent •• Mill. and Willi ... (1971) o'b.erY" thai 

ezo ••• Zn .oditied or iDOre .. e4 tbe ",,,ira.at of O ..... h .. 

Maynard (1969) ob •• ned Zn to be tozio oDl1 _e1O:04 900 p~ ~ 

!D4riano !1 11. (1971) touDd that b1ch Ieyeu of Za i1l. til. 

growth medium lowered the oonoeatration of P aD4 7e 111. ,laDt 

ti •• Il •• 

7. laotorl intlueaoiDi .iao ."trlti •• ot ri •• 

!be total Za .ontent ot the •• il 1. , .. eral Tarl •• hoa 

2 to 1204 pp. aDd aYailule Z. Tari.. fzoa ail t. 22 ,,.. 

(Raa4l1 ... aa4 !attar, 1975). I •••• t ..... til ••• flol ••• , 1. 

oao ... 001 .... wlth •• 11 &D4 plaat faoi.ra 1Dt.raot~ wli~ 

a~.o~l ..... traaal •• ail ••• f ibe el .. eat. 
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1. Plut taot.n 

Diff.r.ao •• 1ft the ... o.ptibility to tbe d.Iloll"7 

of a a.tri.nt oan bl attrlbut.d to tb. 41tt.reno •• 1. t.1 

abllity to ab.orb tb •• le •• nt Iro. tbe .oil aDd/or tr ... looatl 

it to tb •• boot. or to tb. difl.reaoe. 1n oonoe.tratloa ot tb. 

ele.eDt ••• 4.d i. tb. ti •• u •• lor b.altby growtb (Y •••• 19"). 

S.at. aDd Jurinao (1957) .tadi.4 tb' relatlve abilltJ 

of 26 d1fferent orop. to utili.e aative .oil Za aDd ola •• 11114 

tb •• into thr •• group. (i) S'nlltlve Ir.up - beaDa, .0"'&88, 
oorn, grape., lta.beu, oa.tor u4 flax, (11) .04.ratelJ 

•• naitiv. group - potato, tomato, onion, alfalla, .orsh .. , 

luc!angra •• and .ucarb •• t aad, (lil) ia •• ultiv. group - .INala. 

pea., a.paraea., .Ultard, oarrot aDd .u.atlower. 

lro. the expert.ent. ooDduot.4 ~.r All ID4!a 00-

or41!Ultld Sob .. e on .ioronu.trient. and aod.l &&ren •• l0 experl

•• ntl, tb. relative IUloeptibl11ty ot riOt varieti •• lor Za 

4.Il01eaoy w.re lD410.ted .. folloWl. (1) Ricb - Pu.a 2-21, 

I .. Ilna aD.4 Jaya, (li) Me41W1 - IR 8, Pad.a, \,i~a7, 0a1lT Ir7 , 

1'. - 1, Iartma, 1'-9, Bala and IR 20, (lil) Low - Sa'baaathl • 

.. tbna, Ianobl and hDapo01'D& (hawar. 1972). 

POo_pI".a aDd Outro lbl-7 (19") t.ate. tltlrl7 twe 

.arl.t1 •• ot 1'10' o. a za 4.Il011at •• 11. !wat7 Diu .t til ... 

,.1'1 ... ,. w1tll1a , welU aft,r trauplaatatl... II J. III 10 at 

114 •• "1v". II 20 aDIl 114 w.re the ... n. 



... )tid 11 Il- (1976) a"tr1'ut.4 "b. 41ff.r ..... ill 

r,.poll ••• to In f.rt1118a"10. 1n rio. to tbe 41ff.I' ..... 1a 

tb.1r ab.orptlon •• obaal .... 

Tb •• tu41 •• on the ,.rfo~aD.O' of 10 Tarl.tl •• of rl0' 

at La4hlau. (11I41a) reT.al .. tb. folloy1111 ord.r ot ..... "'1-

b111ty for Zll cl.f1.1.lloy T1 •• , .fa,. > Palllar 579 > Bat .. ') 

lit 8 > HM 95 > Pad. a > )qUlatb1 '70 > JIlII 484 > Jla ... '49 . 

(Anoll'_ouI, 197). 

2. 5011 faoton 

a. M1D.ralo,1oal GO.POlltiolll 

Ilgabaly (1950) illdloat.4 tbe po •• 1b111"7 of •• ,_ 

.tltutlon of Me by In. 'fb. po •• ibili"y of 11x&"io. i. tla. 

unf111.d bol.. of ootahe4ral la,.r of al .. 1.1.. .1110at.. waa 

1Dd ioated • In ono. fix.d oould not 'b. r.,1&0.4 'b7 .... Ilia 
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t ao.tat. • D __ bra aDd .faok.on (1 956) ,aT' inor ••• " ala~Pticta 

.Tid.no. for a4.orptloD of III by.ont.orillon1t. D,,." it. 

OEO. lW44y (1973) ob •• "ed flxatlon ot .1cn1tloa_t _out. 

of III by belltonlt. aDd lll1te and.Ter7 11ttl. flxatio. '1 

kaol1alt •• 

cnaatt.r~ .. (1974) ooui4.re4 tbat the .ia.ralo,1.a1 

ooapo.it 101l of "be .011. _. T.r7 11Iporiaat i_ 4"-.ra1_1. 

&T&11&1I1. III ln .011.. Rao 11 11. (1974) •• lI4uot.4 , •• ol'"i .. 

at.41.. ..,l.JiBe red, blull: &1l4 lat'l'lt. .011 01&,.. Ia til. CIa 



aaturated a7lft_, ola18 dOlllut.d by kaol1lllt. aII4 l111t. 

bad bigber aorptloll oapaolty tball .0Ilt.orl110Illt., while tll. 

ord.r wu rn.r8.4 tor B-ola,. aYlt_ • 

•• 1.011 and M.l.t.d (1955) atudled the oh •• i.t1"7 ot Zn 

ad4.d to .oila and 01&18. Tb.y ob •• net a rapid oOIl'f'.raioa 

ot adde4 Zn to torm •• xtractabl. only with ... 01l1a. ao.tat. 
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or dilute aoid. Tbeyallo ahowed that 0.1 If HCl ZIl illor.a.e4 

and _monill. aoetat. Zn d.or.a •• d with tiJI. dllriDi tw.ly. w •• u 
ot .quilibration. 

b. Soil t.xtur.: 

Ialyana.uDdaram and Mehta (1970) ob.en.d 4.or .... 

ill the aTailability ot ad4.d ZIl witb illoreaa. ill olay o.at.~. 

Pralad and Pag.l (1970) indioat.d tb. ayailability of z. to b. 

dir.otly proportional to the .. ouDt ot ailt, ola,. aDd h ..... 

MllrtbyaDd Mebta (1975) oonduoted tixatioa .tu41... 01a,.1 

.oil tix.d 71 p.r o.nt, a8.D4y olay 10 .. '8 per oent aD4 

10",. land ,8 per o.nt att.r 72 ltoUN ot III additlon. S.a 

aacl Deb (1975) obaenet .obl1it, ot ZIl 1rr •• peotlT. ot 

textural 4itt.r.DO •• 

o. 80if PI 
_0., •• , taotor. wbioh .".rn tit. aYallaltl11t7 ot 

la 1a th. aol1 pH aa.WI •• tb. for_oat 1IIpori_o.. !lIla It .. 

It •• a w.ll ltroUCbt out ),. •• T.ral IDr.atilatio ... 



Camp (1945) oonolu4.4 that sa was utl1l •••••• t 

.ttioi.ntly in 8011. b~ing a pH between 6.0 to 6.5. Wear 

(1956) aDd !.again 11!l.. (1962) in4ioated .011 r .. otl .... 

the "Olt lIIportet tanor lJltluenoi. Zn aTaila'bl1lty 1. 

80il.. The t01"ller reponed tbat 92 per o.nt ot Tar1at10. 

la tbe In uptake trom applie4 tertl1i.er val attrl'buta'bl. 

to 8011 pH Talu.l. 8t.~ and Berg.r (1965) .'.e~.4 ta 
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.. any oa.e. aegatiTe oorrelltion betw •• n pB aDd .xtraota'bl. In. 

Soharr.r Uld Botner (1958) ob.erYe4 that a. the pH 

ohanged, In traDIto:rmed tro .. one hydrol,.e4 tON to &aotheZ', 

the Tarlou. forml of In do not reaot equall,. wlth •• 11. G.11Ul 

Ud Joh .. (1962) tOWld that d.or.u11l1 pH .trcu'll,. 1Ul'bl"" 

the ab.orptlon of In. 

Olrwl .. (1968) gaT. the loll ... of 1I14ro1,.1. of Z. 

10na ln 411ute .01utlo... In ao14 aDd w.akl,. a014 •• alga Zn 

ooour. 1n the ma1n 10nl0 tora (Zn++). It h,ar.l,.. •• a. the 

pR laore ••• 1 .0 that ...... ral ot It. h7drol;rtl0 tOl'll. OU .xl.t 

oonourrently ln tb •• 01utl0.. Doubl,. oharce4 .01.0111 •• ot 

'ba.l0 .alta fora ill an alkaline •• dl_. Wh.1l til. s.l"tl •• 18 

stor.d th ••• mo1 •• ul •• ,rad"al11 traufolW t. In (011)2 

0011.14. 'b.oau •• of ad.orpt lOll of OK-, aax.1Jl'&l1l .. oat of 

00110148 at pH 9 to 10. 
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Lid.a1 .... on.ll (1969) 8UU •• ted a ... r7 ••• hl 

aDd irlportant r.latiouhip ot ZIl++ .olubilit, ill .oi1 .. 1 ••• 

(Zn++) • 106 (8+)2. Sharpl ••• !1!!. (1969) .b •• ".d to~atioa 
ot poorly .01ubl. Oa 1Il02 at hilb.r pH. !&Il&D &ad T •• 1I14a 

(1970) r.oord.d a hundr.d told d.er •••• in the .olu_ilit, ot 

Zn tor .aob unit inor .... in pH. 

JUrinat .nd Inou'_ (1962) .ugg.at.d the possi_l1lt7 

of inor •• se of Zn in aolution .. a r.sult ot papt14atioa ot 

hydrous ZIlO at r.l.ti ... l, high pH .. alu.s - lIown.r th., elia 

Dot oba.rY. it in 0". of aoi4 so11s low in organi ... tt.~ 

and o.loareoua aol1. 

8 ••• 4 and lox (1977) inT.8tig_tea tbe eft.ot ot 

au.p.naion pH Oil ZIl .olubilit,. ~ 11n.ar r.latloll8hip .. . 

obsened up to pH 7.0 tor aoie! so11.. ~. the .pt •• pa .. .. 

to neutrality a general inore •• e va. noted in the ..... t. 

of In in solution for the .oil. higb in orgaDio .att.r clu. 

to disperslon ot org.nl •• att.r. 

The usual pH - solubility relatlonabip tor III in .011 

ill the pros.no. of • ohelati'DS ac.nt i •• 04ifi.4 b, the 

.1aultaneous .quilibria ot 001lpetiDg oations at a ,1 ... pH. 

!h. oOJlpetition ot :r. at low pH .. &1u •• aDd that ot Oa at 

l11ch pH ... lue. was 0''' •• "04. 
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!be pH-B.,at1.e log ot In relat10nablp tor oaloareou. 

1011 va. non-lln.ar. Zn 101ub111ty chang.4 Ter7 11tt1. a. 

tbe pH .ar1.4 w1thiD the .c1410 raDge. Rich 101u ... i11t, .... r 

low pH oonditlon. val .lcrlb.4 to partlal 411.01uilon ot •• 11 

.ineral inoluding a410rption lit.l. Wb.n tb. pi ot t ••• 011 

waa inor .... d .bo.e 6.0/ In 111 loll l.lutloD 41.appeared 

rapidl,. AI tbe pH .pproaobed 7.0 .lDIolt allot ib. ad4.4 

iD di.appeared. 

d. other nuirienS 10na 

Ablorption both In oono.ntratioD aDd total uptake 

iuor.a •• 4 witb iuor.a.ing oonoentration of I ln oulture 

lolution. In require.ent of rioe laorea •• d with iaor ••• iDe 

I application (Anonymous, 1968). Porn0!1!!. (1975) ob.erY" 

r ur.a applio.tion to inten.Jy tbe Zn d.fl01.n07. 

S0111 'With a h1gh oontent of aTailable and water 101u'le 

P haT. low oonoentrationa of water lolubl. Zn r.,ardl ••• of pH 

or the oontent ot total or a •• llabl. Zn. Pathak It 11. (1975) 

Itudled Zn-P lnterrelationahlp 1n rio.. Zn aa4 P appll.4 1. 

optillWl oo.1»l_tloa iDor.a •• d drT •• tter T1.1d. fb.n_. 

&dTer.. .ff.ot. of bigher 1.Tel. of P on tb. oont.nt of Z. 

1. tb. plant and .1 ....... %'8.. Tb. Itudl •• OIL Zn-P 1at.raotioa 

at rall.tru.r la'orator, of B;rt.raba4 .pl071. 6 1 ... 1. of 

PIO, (inltlal to 1600 ,,.) and 5 1 ... 1. of Z. (1.1"1&1 t. 8 p~) 

r ... ale4 DO _dT.r ••• tt.ot. ot bilh do ••• ot P •• In .".t. 



ill both N4 and blaok: loil. (.tD.OIl,..UI, 19"). .T .. llo. (19.') 

ItudylDg the PO'll~ilit7 ot Ou and Zn to~lDg iDlolu~le 

pbo8phat •• , toUDd that iDorsaaio .oil lurtao •• to~ .treDiar 

bolld. tban are tOUlld in the P preoipitatel. 

Deb aDd Zeliang (1975) .t~died tbe etteotl ot Zn aa4 

Fe , eaob applied at 0, 10, 20, '0 kc/ba on 4r7 .atter, In, 

Fe aDd P oontenta ot rloe. No ligllitioant ett.ot ot Ye/ln 

rat io Oil dry aatter val tound. Venkatal~'bru&Jlyall al14 Mallta 

(1975) in thlir ino~bation experiaent o'b.erY.a applioatio. 

ot Fe to deoreue the a ... ailability ot Zn and ... io.-.... er.a. 

Brar and Sekbon (1976) trom their lelution culture .tu41 •• 

report.d that inerea.inc conoentration ot r. deorealed tba 

absorption and tranllooation ot ZIl. When re oou.atratl0. 

lnorla •• d tro. 0 to 60 At., Zn uptake d.or .... d to 85 per •• l1t 

and thil .tteot waa .ore pronoulloed at lover cono.ntr_tioa 

ot Zn. The inhibition wu nonoo.petiti .... e. Tran.looatioa of 

Zn deorea.ed with il1or.aliDg 1".11 ot r. tZ'Olll 0 to 20 •• 

Th. ratio ot ZIl uptake by roota to In aptak. by .boot .bowad 

that up to 20,Ana le, tranalooatioll ot Zn cleona •• d wltla h-

or ... l. oODOeatraiion. h10M 20,.. oono.atratioa, 'botlt 

absorption aDd translooation w.re atteot.4 lDdloatlD1 41.t\l~ 

..... 1>011_ In the plui _ !be & .... &11abl11t1 of Zll .. ,. b. red .... 

.. & ooa.,Uo.no. ot .1tber 11101' ..... a.allabl11"7 at :r. a. & 

re.ult ot flo.eliDe or a441tlon tbreucb • oarri.r '0 ". 1'1 .. _r .. r7- ca."d)tr1 all4 Wallao. (1976) 1_10a"" & .. ,."1t1 •• 

22 



inhibition of ~. OD In ab.orption 1D .olution oulture. Ie 

al.o was i1ldicated to h.e • oOlllp.titi.1 .ttlot 011 trana

looation tro. root. to .hoot.. Cbllat.d p. alleTl.t.d tbe 

inhibitory Iftlot to • larse .xtent. 

I.hi.uk. and Ando (1968) in their .olutlon oulture 

Itudi •• ob.erTld a oonliderable reduotlon In In .blorptle. 
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by riol pl.ntl with inore .. iDg MD conclntr.tion 1B th. 101ut1011. 

V.nkataaabraman,.. and Mlht. (1975) oblerTld In .pplio.tio. to 

inor •••• the ••• ilability ot ~. 

Ch.udhry !1!!. (1973) tound .n antacon1.tl0 Ifteot 

ot in on Ou aDd sugg •• ted tbat Zn applioation oould rlduol 

rio I yilld. it ••• 11.bl. au i. lIargiD&l in I.il. Strolll 
_..5)-+j-iU:'t 

d.prl •• io~~ot Zn on Cu uptakl was al.o oblerY.4 by lau •• r 

!1 ~. ( 1 976 ) • 

a&.hld !l!i. (1976) stud1ed th. IttlOt of d1tflrent 

iona on the .blorptlon ot Zn fro. loll I.luti ••• 

Th., ob.erTld a progre.si.e depre.sloD iD ID absorption 

br riol with lnor.alltIC C. oOlloentratloa. !h'7 al •• poiated 

out th.t In .ula.qld oaloanoul 80il baoreal1D1 Oa O.U.D-

tr.tion could aGollltuatl In dlfl.111l0r I.d in •• 1la of 

.,,1110 I.. .l .aiar Itflot tor Me val al.o obserYo •• 

Iau.ar Ii oil· (1976) stdled ._,.3tl.0 0. I.D4 , • 

• 0tiolollOY and thlir .utual 11ltlraotioll ill rloo. .,,111. ,. 



reduoe. Ou uptake 1»ut au had llttle etfeot Oil Za aptaa. 

Lowland rioe r.apoDd •• to Zn aDd au f.:rtili.era ea .011. 

oontaining muoh bigber oont.at tban oonelde:re4 •• tl01ent 

tor 1I0at orope. 

'OrDO (1970) t.lt tbat tb. ZD d.tioi.noy in tlo0414 

rioe was due to bioarbonate retardatioD of Za uptak •• 

Ponna.peruma (1972) polnt.d out tbat in oaloareou. aoil. 

bioarbonate oonoentrat ion In exo ••• ot 10 mM was ob •• n_ 
oo_only followin& au_erl.no.. lorn0.!l!!. (1975) 1:a 

solution oulture .tud1 •• obserT.d tbat bioarbouat. reduoed 

tbe transport 01 Zn to shoot by 1I0re tban 70 per oem. 

G. Zino nutrition relating to 8011 ooDditione 

Tbe supply par .. etera ot Zn determined by yarioua 

poola yls., water soluble, exohangeable, sp.olfloallyadsorb •• , 

ob.lat.d and oomplex.d Zn and Zn In prillary and seooDdary 

1Ilurals ill 1I0d Ified lIarkedl;y dependlng upon the ph,.loo

obe.ioal obaraoteristios ot tbe .0118. Apart tro. laerent 

4itter.no.s in tb. pbyaioo-ohe.loal oharaoterlstio. the 

oaloar.ous soil, 80ils .nriohed with orsanl0 .ati.r &ad .04io 

so11 produo •• arke4 41ftereno.a in the ph,.ioo-ohe1l10al e.

TiroD1l.nt of plant roots upon atemitiant or full 811'b-

1I'1'I.no• to wbiob rice oultiTatioJl ls sll'bjeote4 to. !b. 

a.tlTitl.s ot In 10na i. tb ... bie.t .oil .olutloD )athi-. 
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the pl .... t 1"00tl 11 oontroll •• 'b7 til. 111I,,1"&1I.I.uI 1,11111'1"1. 

ot .... ra! oompetiDg reaoti01'1l .uob al .urtao •• xo'b .... , 

.peoitio beDding lattio. p.n.tratlon, prloipltatl0. rlaotlo .. 

and the proo ••••• 1.a4iDg to the ••• 0rptlo1'l ot .urtao .... 

lattio. l>oWld iou. (S1dbu !.t!l. 1977). fh. dllorptlo1'l ot 

an trom .xobange oompl.x to .olution, relea •• ot Z. froa 

o~&1'lio matt.r, or,.tal11n. aiDeral. aDd otb.r preolp1"atl' 

to tbe .olution pba •• are tb. proo ••••• tbat oontro1 tb. 

aTailability aDd .obl1ity of Zn. The tollowl. r.Ti ... ,IT •• 

an ld.a ot tb. in nutritlon ot rl0' a. influenoed 'b7 Tar11 .. 

• 011 oonditions. 

1. Oaloa"o" •• 011 

Jurlnak aDd Thorn. (1955) Indioat •• Caza02 to b ... 

1. port ant factor In d.or.a.lng tb •• 01a.l11t7 ot Za 1. 1011. 

at higher pH Talue.. SikbaNlid,. (1973) Itat •• tbat 1. 
oarbonat. riob .oi18 Zn wa. atrongly bound ADd I.are.l, 

aTailabIe. p.ter.on!l!l. (197.) oblerY •• tb. applloatl0. 

of z. to ar.al Whiob bad be.n lia.4 &ad arl .. tro. wh.r. ".p 

loll bad b •• n r_oT.4 to Inorl ... orop ,1.1... i.,p110&tl •• 

of siao (40 PPI) to oaloar,oul aol1 wal to1U1d to ... r.Tat. 

r ••• fl01In01 (01Iau.4br1 and Wallao., 1976). Mor •• dTIM. 

Itt.ot of oarbonat. 10n .. 00.JAN4 to I"lplaat. lou ... 

• b •• rY" 1. a pot .xpert.int with 1"10 •• (Aaon'_ •• ,. 1975). 

14111" .. 4 Paa4., (1917) ladlo&t.4 tltat htcll aaoo, ooat .. " 

.ad. III uaTallaltl. 4". to f01"8.tl0. ot l .. ol.bIe Oal80 •• 
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.&Trot aDd BaylknltoJi (1969) .' •• n •• pre •• aee ot l .. naalDC 

.. OWlt. ot Oaoo, « 2 Ja. partlcle.) to 101'lt ayalla ... le 'a 

la .011 •• Pbllip.!1~. (1972) .ucce.ted that ,. la a 

Oa-cl01l1nlted .011 dl!U." preto.l_ut1, lilt. the a4.0r'eel 

pba.e. Prua4!1!l_. (1976) reported low dlttu.l0. ot 

In 1n oaloanou • • 011 clu. to inten.e oOllpetltlon ... t .. ea Oa 

aDd Zn. Ud0!1!:!. (1970) and Trehu aDd Seldlon (1977) 

Indloated tbe .dsorption ot Za by O.OC) In oal •• nou •• 011 •• 

They also opined that when Zn was added 1n exoe.. ot a4.orp

tion aaxilla it wal!! preoipitated as oarbo_te rather thaa .. 

hydroxide. 

Baclraobal_ (1969) o'b.erYecJ Zn tre.tecl plot. to ,iY. 

an yie14 ot 5.4 to 5.6 tlba .. asaiast 01111 1.8 tlba tor 

oontro1 Oil a ZIl detloieat o.loareou. alkali •• 11. 

2 _ 0re ... l0 ... tter 

Maldlo.lna and MalohuOT. (1961) ob.enet III a4.orpt loa 

to be •• peD4ellt Oil oontent and quallt1 ot 01'1 .. 10 _tt.r. 

De Rea.1' (196') aDd Sm 1 ih !1 1:1- (1965) .t11el1" tbe e tt.n 

ot ,re1lJlC! .ucarbe.i top. oa iJa. fat. ot act4.c1 Z.. '!h.I'." 

el.or •••• 1D w.ter .. lub1., 1014 .olu ... l ..... s.h.ftleabl. ,. 

and Inor •••• In In ••• 001at.4 wltb oZlaal0 traoti._, .... 

&lid .11t fraot1oDII ot the .oil. A .1IIller ette.t wlt1l ,"'04 
alfalfa ... reo.reI •• -, latt.r workel'll. MaDcaro. 1111. 
(19") olt •• ned iJlOH" •• la ad.orptloa "'1 .011. 'III •••• la"'~ 



Ol'lUio _attar waa re.o.-« b7 .aOI extraotioll. RaD4l1aw 

1.1l4 Broa4beD:t (1965) ob.e"e4 a4.orpt iOIl Oil ol"ll.1lio _a'''IS-

I to be IIOre in ba.io than aci4io oonditioa. Mi8,tra alll4 

P&D417 (1977) obtainlel a bigh17 .ignitioUlt 1lIiatiYI oor

rllation betwlen organio oarbon &Del MPA extractable III ill 

olntral Uttlr }>rad.lls. 

,. S~bm,rc'O .oil 

Jaok.on (1967) ob.ened h 19h aTallable le ill low la84 

rio. to agraTate Zn 4etloienol. Baclraohal .. (1969) lu1.atla 

tbat In 41fiolenol lIight 000111' under tloodl4 oonclitio_ la 

1'101 wbln aT.i1&bl. In in 8011 18 ~ 1.5 pp.. T&Data!1 11. 
(1969) ob.I"14 tbat thl .0111 whloh 41ftlred Ireat1, 1. 

their lnitial .011 .0l\.ltloll oOJlOlntratloJl8 (0.-8 to 180_) 

on prolODIed .\.lbmerglnoe, teDdl4 toward. a 00.0. yalul wlt1t11l 

tbl range ot 0.' to 0.5". B.tIPP aDd h.t.r (1969) f.llM 

tbat kelplDg tbe .oil _ol.t oauleel areatlr fixatlon of 111 0. 

f thl illoqanlo loll traotloll. Shatl &ad Ma~lel (1971) report .. 

that .aD7 art .. ot low l&Dcl rl01 1D Pa~.taD luttlret tro. 

Ou aDd 111 0.t101.n07. Gucvu &D4 Maaa (1972) oo_lalnt 

khalra 41 ..... of 1"10' a. II aDd MJl lUll0lel la 41f1011no,. 

PODDaaplraaa (1972) indioatlel 111 aael AU .,tloilnol la ,laBt. 

IroWD Oil fiood.eI ooDdit10u &D4 tbil va. 1"l1a"" to __ loal 

&D4 .1.otrools •• loal ohanel •••• 00ia"14 with .. 11 •• --'Zllnee 

wIIlo)l &4 .... 1" •• 1,. att •• t Sa aU 0. uptake. B. tanh.:r f._ ... 
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In 1975 tbat tb. p. toxlolty &D4 z. a.rloi.no7 in .a .... ZII •• 

ana.robl0 .011. a. tb. aaln 11ll1tatlon tor tb. ,rowtb ot 1'1 ... 

RU .. atulle .t1 !!. (1 976) .tat ed tbat 111O"a." 

oont.nt. ot ~ariou. iona in tb. loil .oluti .... a .a~ol' 

oau •• tor in and au d.tioi.noy in rio.. Jug.u~11l4a (1976) 

ob •• ned bigh.r Zn uptake uDd.r .erolaio 001ld1t101l8. !h • 

• tudi •• on tb. lntlueno. ot tbr •• wat.r r.,t. •• ~i ••• 

laturatlon, 5 os It&DdlDg water and tloodiDe aa4 4rJiDC 

(AnonYIIOUI, 197'), illdioated a lal'l. rec1uotion in the 0 •• -

o.ntratlon and uptake ot Zn by Jaya and HIt 19 ~.ri.ti •• of 

rio. in botb r.d and black loil.. Tbil val attribut.d t. 

lower a~.ilabl1ity ot Zn und.r lubllel'8.d ooDl!litlou. 'lb. 

manit.ltation ot Zn d.tioi.n07 in 1'10. UDd.r .ub •• ra.a aad 

bigbly r.duo.d .DYirou..ntal oonditionl .~.n 1n .011. well 

lupplied witb Zn waa brougbt out. 

"'1II0n4 (1972) ob •• ned tbat flOodiDl 4.or.a •• 4 'U •• 

oono.ntration ot Zn in plant but not uptat.. X ... ph •• i •• 4 

tbat the Zn .tt.ot on 4ry matt.r 4.pallCl.a on wat.r, 1111. 

tr.at •• at. rio. ~ari.t7 and loil. Rect47 1114 Patriot (1917) 

.tu41.a tb •• tf.ot. of redox pot.ntial •• the .tabl1lt1 of 

Ou au III ob.lat... Tb., o".e".d a reduot10n 1n tb. per

•• nt ... ot added III tbat r .. a1De4 ill tb •• 01ut10n w1t~ 

4 •• 1' ••• 1_ retox pot.uial .ppare.,l, eta. to '"11' _,..10&1 

".orptl •• aDd .10ro'lal 4.0.,..itio. ot •• tal o.l.t .... pl..x. 

!!I. p ••• Oll ••• twtl •• Oil 1;!I • • tt •• t of - •• IS ...... tla. 



killetioa ot 111++ and pH ill oaloareou. aodi. aB4 al1cllt17 

oaloareou. alkalille aol1a reye.led that za(OH)2 aDA zaOO, 
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are the ilI .. date reaotlon produot. of applied la. III 

oaloareou. sodio aol1 dltterent a78"e •• regulated aol1 Zll 

duriD« difterent period., ZIl a,.te. baT1Dg bieber .01\1)111t, 

tban the a,.t .. Zn(08)2 - ZIl++ and ZIlCO, - za++ )etore 2/5 

daya, tbe ZIl(OH)2) - ZIl++ and laCe, - Za+· _et .. en 2/5 t. 

14/21 da,.. and predolliD.ant11 'b,. ZaOO, - Za++ a,."e. th.re

atter (AnoD.'_oua. 1977). 

4. Sodio loll 

Miller et al. (1964) reported Zn detloieno,. to 'b. 

Yer1 00_011 ill plalltl grow aDder alkaliu .011 001141 "io ... 

Bingb .. !1!!. (1964), Reddy .ad P.rkiao (1974) iD4ioat.d 
~CY~ 

inor ••• ed adsorption of In in baaio tban la aoid10 •• dla. 

Vi.ts (1967), Welll !1!i. (197') &ad Tlwarl Ii 11. 
(1976) gaYe eyldellOe for Zn detiol.uo,. In a0410 aol1. 

e.peoiall,. UDder waterlogged oonclltlo... !h. appl1 •• tl0. ot 

I. waa touDd to oorreot obloro.ia IUl4 1I1On ... rio. 71e14 •• 

In aod.rate1, aoid to .11lbtl, alkalla. aol1a tb ••• alla~111t1 

of III ad a. WOIlld aot 'be 11llii84 'b,. the 1 .. t.-111t1 .t 

laB])! A (.orwell aDd Lluaa,. 1969). 

3111111 _ S.k1loa (1971) .i1l41_ adaoml •• aM 

a •• orption of I. 'b7 Pwl~a'b alkall •• aoU.. At a 1I11la.!-
'. 

oo .... tratloa of appll •• la, ill. poaa1'bl11t,. of pre.l,1~ail0. 



of Zn aa hy4rox14e .... 1nd10ate4. They reported alth ... ' 

olay funot1oned 1D4epen4ently, oaoo, aDd organ10 .atter 

interaoted w1th on. &BOther tor ld.orpt10n ot In. 

B. lYal"at10n of .011 and plant tor slno f.ril1l.atl0 •. 

1. Soil analn1, 

Ba4raohal .. (1969) .ucge.ted the or1t10al ltalt ot 

aTailable Zn under flooded oond1tiolUl U 1.5 PPi ot BD!i 

plus (n")1 00, extraotable Zn. 

Oox aDd Xe.prath (1972) ex .. iMd .011 t e.t .ethot. 
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to naluate or1t10al 1.Tel. of 1110roautrlent.. They 'UCI •• te4 

the follow1Dg rangea tor orit10al leTel. tor the Tariou. 

extraotant. Tis., 1.0 to 7.5 PPI tor 0.1 If BOL, 0.' to 2.' p,. 

for D1tbio.one + "lIoniu. oxalate extraot. 0.5 to 1.0 P}a 

tor DfPA + Oa 012 • 

St.wari !1!l. (1972) propoae4 gradi. of DfP.l .oil 

teat Tal" •• Tis., 0.0 to 0.8 p~-Ter7 low, 0.8 to 1.4 p,.-10., 

1.4 to 2.0 PPI-borderl1ne and 2 p,. .. ad.quate. Later) .. ~. ~ 

(1974)they oontil'lled MP.l a. the Mat extraotant for ...... 1_ 

Zn oailabllity tor rioe. The ratl •• al.o appeare4 quite 

.ati.taotory throqh .oil tellt orop re.ponee nu4i... BowTor 

in ou •• of 111&11 .oil pH aDd 0rlan1 •• at"er, ltor«.rl1 .. 

rati. al •• 'be.U' 4ofi.i.nt. 



IatJ&]. aDd POlUWlperwaa (1975) .ug •• ted a oritioal 

1i.it ot 1 PP'l tor .oi1 Daila'bl. Zn extractable b7 0.005 II 

D!PA extraotion prooedure. 

Workerl in the radiotraoer laboratorT, la~eD4:r&D&1ar, 

H"'er.bad (AnOl'lYllous, 1973) 8uggesteeS tbe to110wiDg oriteria 

tor the plant and 80il Ti •• , (0.85 PPI DTPA Zn-low, > 0.85 

ppm-sutfioient (for lIoil) aDd <. 10 PPl-d.fioient. 10 to 15 

PPI-inte1'llediate a1'14 > 15 ppm-lIigh (tor plant). 

2. Plant analnil 

Yosbida aDd Tanaka (1969) oonaieSered 15 p,. i. rioe 

.hoot as oritioal 11l1it tor Zn. Tbi8 wal later oonti1'lle. 
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bl' Katyal and POJmampe1"\llla (1975). .An &Terace oouentratioa 

of 27 pp. Zn in rioe 1eaTe. waa lugse.ted a. oritioal 11.111t 

tor Zn defioienoy at tbe 15 to 20 4.18 growth stage 

(hoJ11110U., 19n). :tau.ar !1.!!. (1976) ooDduote4 .Da .. sti .... 

experiJIents aDd luggelted 17.4 PPI in shoot .. oritioal luit. 

I. lino fertili.ation studies for rioe 

Pi1lai (1967) obserYed benetioial etteot. ot ZD80. 

applioation to rioe. Badr.obal .. (1969) ob.erYed tbat z. 
treated plot •• a ... e an yle14 ot 5.4 to 5.6 tlba U AlaiMt 

on17 1.8 t/ba tor oontrol on a I. aetioieat oal.are.a. 

alkali .oil. I'll the ezperw81lt. i. , .. 11 .ad. r.lat1ac ". 

the reol ... tion ot alkali .oi18, a oo.biaatl •• ot 25 -./ha 
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of '.80. w1tb 11P'U. wa. tound to Ii •• -.tt.r 7i.14. 

(Anon1llo"" 1973). R.O.11t r.port. fro. Iarnal., (Abrol 11 11 •• 
197') al.o indioated tb. ben.iioial .tt.et of lalO. i. 

inor •• ling rio. yi.ld. in alkali loil. An app110ation of 

.5 q ZnSo4/ha 1. r.oOat •• nd.d to itlpro •• rio. 71.14.. .ora 

n!!. (1977) obl.n.d relpons •• 111 botb )dJa[1! and W1 
.ealOI1l to the applioatioa ot 50 kI/ba znSO. ill 51_ ... ar 

area ot b ••• 

J. Souro •• aDd .. tbod. ot applioation of .ino tor rio. 

Giordano an4 Morty.dt (19.,,) Itudied .ouro •• al14 
;)[. t 

•• thod. ot Zn applioation to r10.. Itt.ot wal .t.ilar wit' 

laO. 1Jl80. &Il4 ZnBMA. Uptat. of In in th. Saaat\lre plasn 

was in tbe order ot InO > ZdO .. > 11l1CD!.l. !h.y al ••• _ •• "84 

DO 84 •• r ••• tt.ot of ooating tb. ri ••••• 4. witb low rat •• 
o.A 

ot zaSO. aDd r.port.d tbat it was .qually .tf.ni .... tb. 

aixing ot IaSO. with loi1 or applyiDl it to tb. wat.r at 

plantiDi tor flood.d [io •• 

.. a. J1!l. (1957) 0011li4.red Z-,(PO.>2 to " _ot' 

a ,ood In aDd a ,004 P t.rt ili •• r wb.. ti_1, ,roaM a. 

aix.d witb tb. IOU. 

Pbillip. It !i. (1972) ia4ioat •• tbat Za ia a Oa 

teai.at .. 8011 41tfu ••• pretloaiUlltl, In tb .... orll" plI ... 

aD4 tbat tb. pr ••• ao. ot ob.latlB1 .... t. 00al4 a.41t7 1t. 



Barller in 1969, Norwell and Ll ••• , reoord.4 ,..r7 .1ow 

rat. of .qmlllbratloll betwe.1l tb •• 01l1tloll and .0114 " •••• 

in tb. pre •• no. ot ob.latlD« ac.nt •• 

S.4berrY!t!!. (1971) BUggelted applloatlon ot ODe 

kg ot Zn ohelat. per beotare to preYent In detiol.D07. 

Mikk.lson and Brandon (1975) olt •• n.4 .ulpb." ••• 

ohlorid •• and nitrate form. to be .quall, .ft •• tl,.. ill la 

d.fioient oaloar.oul •• il.. Oxide ... 1 •••• tt.oti ... bat 

oh.ap. Itf.oti,.. ra .. e val iDdiaated a. 9 q/ba. Murp1l7 

and Walab (1972) tro. thelr r ... l .... ot 11t.ratur. oonoa4.4 

that th. I •• d treat.ent wlth In 101utioll or Zn powd.re Gall 

BOt pr ... eat la detioi.ncy in ".rioI11 uplud oro,.. lOlb1 •• 

!1!!. (1970) obl.rY.d ZDBO. applioatlon .1tber ••• oil or 

tol1ar to b. al .ft.oti,. ... 41pplD1 ot ••• 4liDiI 1a InO 

lu.peneloa tor oaloareoul 10111 ot W •• t Paklstaa. Se4l1enr 

11 Ii. (1976) obtained bieh.r 7i.ld. ot rio. witb IIlO thaa 

with ZIlC12 , SaSO. or Z~A. 

Secara (1975) indioated ZIl~A to be aor •• tt.ot1,.. 

in .aupplyiDg Zn than znSO. wh.n tb. pH ••• ed14 6.0. !h • 

• at.1"1a1. were 11.11&r 11l III 1\1,,111111 power vb •• tb •• 0U 
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pH wall 6.0. .Ilcawharl Ii!l. (1 970) all. repon_ .-...... 

41th.loD ot ZIt ln loll Oil .selltl.1l ot EDfA all4 _tl'll1,,"" 

"11 il to tb. traut01'llat io. of .0114 p)la.. IJa 11l t)l. .oU 

1nto .olubl. III oo.pl ..... 



Pruad !1!!. (1976) atudied the etteot ot D!IA, 

EmA and .,. on the aelf difhaioa of Z. in ... alkali .. aDd 

oaloareous eoU. They obeened lure •• e4 00 .. tti01e." ot 

4iffuaioa of Zn due to the add i"ioa of IY.rP.l, EmA ad :Pol 

and the iDOrea.e was attributed to the cODYeraioa ot a.li4 

pbaae 8011 Za into soluble Za oomplexe.. Tbolr atudi.a 

reToaled tbat both aatural and synthetio oholatiDg .. onta 

play an important role in oyerooming rate li.itiDg etepe 

of .olution aDd ad.orbed pbaee aitlusioB Wbicb are maial, 

reaponsible tor the mOTemont ot Zn ioa i. alkaline aDd 

caloareou.. lI011s. They concluc1ea that 01'1l&11io .. eD4meat. 

and ohelat .. la tertili.el"8 could be expeoted to be .ore 

etteotiye than .oluble Za aa1te in al1eyiating lta 4ellol0 •• ' 

in aucb 80il. tang and Okoro (1976) ia their atudiea •• IB 

mobility ob.ened a greater .oT .. ent of Za trom IDJD!A tbaa 

Irlttod In. Whlle all of applied Zn aa trltted Za r .. alae4 

within 0.1 GIl depth, mOTe •• nt up to 10 011 waa obaerYe4 witla 

ZI1BD'1.'A. UDder floodod oondition Giordano au MortY04t (1972) 

all. obaened greater lIoblllty of In trom BmA _ o_paNt 

to InO aDd laSo~. 

1a1ll aDd Ok.ro (1976) o.mparod IdO 4' ZllI11.fA, .otalll. 

I. pow~r all4 tritted In at 2, 4, 6 aD.d 8 ,pa la, 1e"e1. wit1l 

IR 20 _ to.t oro,. While the dr1 .atter 11014 .bow04 DO 

.~lfio .. t dltterenoe., Za troa .. tor .ol.~le ... ro •• was 



.or. a.al1abl. to th. plant than th. two non-aola_l ••• are ••• 

Soakl. of the ••• d. witb Zn!M! r.plted ill .arlolla.llt .f 
I" 
~ •• ds with Zn tbroggh dlftuaion, whl1. a aubatantial .0Ullt 

of In was found to b. attach.d to tb. • •• 4. on •• ak1Qg 1a 

aU.P8n810n of Zn frult.. Soaklng of ••• 4. wi tb ZnED'r! .. a 

oono.ntration of > 0.1 per o.nt Zn 4.1aJed '.1"11 in at ion aJIII 

d.pr •••• d .arly growth. 

In tbe field .xperi •• nts/ on alkali .oil. in Punjab 

(Anonymou., 1977), broadoast application of 7.5/10 ppa In la •• 
~ 

J the higbe.t r.spons.. DippiDg ot a •• dling root. ill 4 perl laO 

.u.p.naion vas .qually .tfioi.nt and was on par with 5 ,,. 

of In a. IIlS04 tbough both tr.atmenta were int.rior to 

'broadeast applioation of 10 PPI ot Zn. Poliar applioatio. 

ot zns94 
pro.e4 interior. Singb and Jain (1964) eba.rY •• 

aoll applioatlon of 2.5' q/ba of Zn to lllOr.a •• dry ".lcllt 

aDd t 111erlDg. At lower leTel. foliar apra1 waa superior 

to aoil _pplloatlon. 
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OlLlP.r ER I I I 

M.A!ERI.A.LS AID MftHOD8 

Th. 4.~.11. ot .xperl •• nt. oarrl.d out &ad tb. anal7tloal 

t.obnlq~ •••• plo'_d tor the anal,.l. ot .011 &ad plant ... ,1 •• 

are pr ••• nt.4 1n thl. Chapt.r. 

A. bp.rim.nial d.iail. 

1. IIp.ril.nS 1. Studl •• on tbe iptlulPO' of ZD f';1111.atl,. 

on the growth aDd nutrition ot poP!lar rio •• ari.ti.. of 

, ... 11 lfM" 
p'it 

!bl.~.zpert..nt va. oo!duot.d with ih •• ain .-j.ot1 •• 

of .tu4yimc tb. nutrltion aad r.lati •• tol.rano. of popalar 

aDd , •• tloally .arlabl. rl0' .arl.ti •• of , .. 11 .... tor z. 
4.t101.1101. Tb. partloul ... ot Tarl.tl •• iDY •• ticatld ar. 

pr ••• nt •• la fable I. 

An alluTial .oi1 oontain1ng 0.8 PlB ot DfPA .ztraotabl. 

la baTlq a pH ot 7.' wa. u.ed tor the .xperlll.~. !w.nty fl •• 

to tblrty .-11 old ••• cSllng. w.r. tran.plante4 (a' 12 ••• 4l1Dc. 

p.r pot ia tour hill.) Into pol1th.D. 11a ... artb.n pot. 

oontalllilll 8 tc of .oil. lour 11 •• 1. of III .~., 0, " 10 &lid 

15 p,. In .. znSO.·7Bz0 aB4 tbre. r.pli.at10u w.re adO,",H. 

A 00ll.01l 4n •• l:nc of 120160160 talb- ., Pzo, aDd ItO .... 

appll.4 to all tb. pot.. 'I .. ar.a wu app11.4 ill two .,11t. 

(plantl .. _Dd tl11.rl.) vbl1. P, t ad IJl w." _,pl1.4 ill ... 



rJ ... 
,1 i 

TABLE I. PARTICULARS OF RICE VARlftIES IBYBS'rIGA!1D 

~._. .. -.............. -~ .. --....... -----....... --~--.. -.. -.. ----.......... -.... ------..... ---,_ 
Dur-

S.No. lariat 7 Oo.mon 11Ue atioJl Parent.e 
(4aya ) 

--~,,-~--,,--------- .. ---~----~-------.. ---~-----.. ---~-------~~-
1 • 00 '9 AIlar&'Yatb7 95 Culture '40 x ~&aD&kl 

2. 00 '7 'algal 115 ! .If .1 x Co 29 

,. TIUIJ 658 • • 115 ASD 1 x Pact •• 

4. 1ft 20 • • 1'0 IR 262 x 'l'had.klwl 

5. RP 4-14 Prakub ,,0 IR 8 xT-90 

6. POJml Masuri "5 'raiohung 65 x Ma,. .. 
'ISP 80 

7. BltaY&Jll Bbayanl 1'5 Pet. x BFI - 176 

s. Ilt 8 • • 140 Pet. x D .. lee Woo, •• 

9. 00 'S Bq.Yath1 140 II 8 x 00 25 

10. TIm "49' Ra~ara3'" 165 IR 8 x 00 25 



.incle do •• U ... onl_ phoaphate, .urlat. ot pota.h aDI 

ZIlSO. at platina. halar r • .,.nt. W.M u •• d for .&Oh 01 .lI. 
aboT' DRtri.nta. The .xp.ri •• nt conai.ted of a total .1 120 

pota r.pr •• enting t.n yarleti •• and tour in leT.l. und.r three 

r.plloationa • 

Tbe plant. w.re grown up to ban.at. Grain, atra. aDd 

root dry matt.r yie14 at han.at .tage •• re r.cord.d. fla. 

grain, .tr-. aDd root .ample. 0011eote4 for ._ch of th. tr.at

ment •• ere _n&1,.e4 tor th. oono.ntr_tloll of nutri.lR. aDd 

uptake T_lue. oomput.d baaed on dry .atter yl.14. 

2. :luera.nt 2. Growth an4 nutrltion of r1 •• a. 1Dtlu'Mtd 

!PI ,oil ooDd.iti0l18 ap4 Zn "11111 •• S10n 
~\ 

Thi.;exper1 •• nt waa oonducted with th •• ain o'b~ •• t1", 

ot atu4y1Dg tbe aT.llability of nutrient. uDd.r tb. 1nn •• no. 

of Tarying loil oonditione aDd Zn ferti11.ation and oona.qu.llt 

.ff.ot on dry matt.r yie14 and nutrition ot rio •• 

Th •• xpera.nt imolYed 12 tr.atm.nt a aa detail.d 

b.low. 

B01"lal .011 ~ No Zn addltion 

3S 

Oal.aMou. aoil ~ Zn at 10 p~ (A8 ZnSO •• 7B20) 

Soil .nriob.d .ith ) z 
organio .. tt.r l IdD!A (0.5 q/ha) 

Sabtllera.a .011 



.A. ... oaloar.oll •• 011 )1_1111 a pH ot 6.8 •• 11 ..... rr-
wetl&D4. of , .. 11 BUll Agr101l1tllral Ual.,.or.1t7 laN ... pl .... 

lato polytb •• llMcI .artll.a pot. at 8 Ire "I' pot. OaloIl1a"" 

quant1t!e. of &Dalal' ,ru. 0.00, were _dod .0 a. io repre ••• " 

a 6 per •• nt oaloanoll •• 011. G1,-rl0141a loa.,.o. at 200 I pel' 

pot va. addect to repre.ent tbe tr .. t •• nt of .011 eari.he4 wlth 

orcuJ.o .att.r. Water a110w.4 to .talld to a lI.1,ht of 5 .. 

tbroughout the orop growth at1er pucld1iUC to re,re.e.t •• ,

.eraeDee treatment ot .011. l'be a'ne tr.at •• nt. were ,iT" 

a w.ek prior to plant 1. • S011 •• pl •• w.r •• ollened fJ'O. 

eaoh of the treat.ent. au tw.nt1 two day. 014 .e0411 •• of 

RP .-1.. olle .. oDC the hich Zn n.po_l.e Tar1etle. were 

tr&J1.pl~e4 at the rat. of .iz ••• dli~. in three '11la per 

pot. Prlor to plantl. all pot. w.re .lUUlrecl Il11Uom11 at 

120160160 Jrc/ha. If w .. app11.d a. UNa ill "wo .p11t. (Plaat1»c 

aDd t 111erl. ) • P &D4 x: wero applle4 1a tll. fo~ ot _olli_ 

,ho.pIIat. aDd .urlat. a. bua1 clre •• ll11. Zll fertill.e" .0" 

alao ap,1104 a. per tr.at •• nt. ~u.t b.toN p1utlD1. halar 

n ... nt. w.re ".ed for all tbe a'bOY •• oure... Th.ro WO" .8 
pot. r.pr •• elltiDI tour r.p11 •• tlol18 x tour •• 11 ooD41"10a. x 

t)lr •• III 1 ••• 1 •• 

ODe .. OBI the four r.,110&tlo ...... tl11l.4 tor 

.ollenl •• 011 aad ,1m ... ,1 •• at t111.r1 .. ,)au. &JIll tJa. 

r •• t .olltl ••• ItP to lIa" •• t. 11_"1'1. olt.e.rt'atlo .. at tlll.r-

1. a4 )I~e.t .t .... aD4 ID41.14ual 41'1 _tt.r 11.14 of .hoot 



&ad root at t illeri:ag and Irain, .traw &ad root at lIan.n 

w.r. r.oord.4 tor tb. 41tt.r.nt tr.atllent.. 'lb •• 011 

... pl •• were also ooll.ot.d tor tbe &bOY •• tag ••• 

The aol1 .ample. repre.entlng tillering &nd barY •• t 

.tag •• were anal~ed tor an apprai.al ot nutri.Dt arailabllit,. 

Th. gra1D •• traw and root ... pl •• were Indl~ldual11 .x .. in84 

tor tbeir Dutrlent oont ent and uptake ~alu •• ooaputed. 

,. '!peri.ent " Y1.14 aDd Dutr11io1l. ot rio. ia •• 4i. ,.il 

alt,p4&J1.t upon applioation ot amendment. aDd Zn ,.;till,a11o! 
pdY 

Thiel experl.eDt was ooDduoted with tbe aaa .i. of 

.tudyiDg the influenoe ot organio and inorganio .eI1411.Dt. 

and Zn f.rtiliaatioD iD 80dio .oil on the yield aDd DRtr1tioa 

ot the rl0. plant. [!~ expaf'iII.nt 0~1.t.4 td 1~trpft.Jl't. 

0)"" t)'e rj.c). pl&nt1 Tbe experillent oon.isted ot 12 tr.atllent. 
" ," 
•• p.r the tol10w1Dg d.tail •• 

G 1P.UII ( a. '(HJ I' G ypaa ) 
r.quir .. 81lt) 1 ••• 12 t /h~ 

lIM (, 0 t Iba ) ) x 

Gnu leu •• ('0 t/hal l 
o 

2.5 
5.0 
7.5 

P18 of Zn 

A total ot "8 polytheJl. lill.d .arib.a pot. w.r. fille« 

up wltb a t1P1oal air drled aodl0 •• il (pH 8.95 &lid liP 24) 

at 8 q .011 per pot. 'fb ••• pot. "pr ••• nt84 tour :r.p11 •• ,,10 ... 

0.1,\1lat.4 ct'laatlti'. of •• D4 ••• t. we" "1I'J!'O.1I1, .mel 1a 



reapeoti?e pot., puddled and allowed to remain tor a we.k. 

The pot. weft IIlDure4 at 120,60,60 1rg per heotare of If, 

P205 aJld. ~O as was dOlle tor the other experillents. Oaloulated 

qU&J1tit:r ot bS04 • 7~O was added as per the treat.ents 

sohedu.led. Six aeedlings ot IR 8 at the age ot twenty e1ght 

4a1. were transplanted In eaoh pot in three hl11s. 

One .. ong th. tour replioations va. utlli.ed tor 

oolleoting .oil and plant ... ple. at tl11.rinc ph.... Blo

lIetrio data on plant height, tilleriDS aDd dr:r .atter yl.1d 

of shoot aDd root were oollected. The other tbree repll

oationa w.re oontinued up to haneat and soil and plallt 

... ple. to represent tlli. stage w.re al.o 0011eot.4. 

ID41Tidual dry .atter yield of grain straw aDd root tor .aela 

pot was a180 reoord.d. 

'1'he so11 and plant ... ples oolleoted .. abo?e were 

.n&1,..e4 ill detall for the aT.ilability of 'Dlltri.nt. 1Jl .011 

and r.lated oonoentrat lOll and uptake ot the abo •• b,- plallt •• 

... m.ra,n, §. Souro,. and lI,tll%'8 .f ZD. "rtl11.a$1 •• 

tor rl,. 

fh18 .speraeD.t va. coDduoted wlth the objeoti .... of 

OO1lpariDg the ettloaoy of differ,nt .ouroes aDd •• tbod. of 

applleation of In for rioe and to fix ob.ap aDd ,ftlol.Dt 

."'be. of In applioation for rl0'. !he 4,tal1. of tr" •• I1". 
are pr ••• nted 1. fable II. 
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Treatment 
number 

fABLE II. Dftj,ILS OF TR1W!MEftS 

Partioularl 

1 Oontrol (lro addition ot sino) 

2 Zino lulpbate ( 5 pp. ot Zn) 

, Zinc obloride (5 ppm ot In) 

4 Zino pbospbate (5 ppm ot Zn) 

5 Zinc aCltate (5 ppm Zn) 

6 Seed loaking in 1 per oInt znS04 (24 houri) 

7 Dippi~ of .,edliDg root. in 2 per oent InO 

8 lur.er1 t,4 Beedlingl (5 PpM Zn) 

9 Zinc EMA (0.5 kg/ha applied to loi1) 

10 Zino du.st (5 PPII In) 

11 Sled loaking in 0.1 per oInt ZnEMA (24 houri) 



.... 

Tbe .XJer1 •• nt V&8 oonduot.d on alluvial 1011 (pH 1.' 
and ..... a11abl. In 0.8 PPl) with vari.ty Davalll al t.at Grop. 

Etcht ks of 1011 wal plaoed 1n polyth.n. 11ned .artben pot. 

and twenty two d aYI old ••• 4lillgl w.r. tran.plant.d at 6 

le.dlll1gl/pot in three hill.. The loll in the pot. va. well 

puddl.d and oommon do •• of I, P205 and ~O at 120160160 ks/ba 

(a8 in earlier .xperiment.) and Zn applioation va •• ad. at 

plantiq. lor treatments 6 aM 11, .eedliql ral •• d froa 

loaked .e.d. v.r. utilis.d. Por tr.at •• nt 8, ••• dllDg. r.ro. 

nur •• ry to wbloh 5 PlD of Zn wal added va. u.ed. A.nalar 

reag.ntl w.re uI.d as .ouro •• for the above nutrient •• 

Out ot the tour replioationa on. waa utilil.d tor 

colleoting .oil and plant ... pl •• at tillering .t ... and the 

reat oontinued up to ban.lt. Apart from record1. the b10-

m.trio data on plant h~igbt. tillering aDd dry matter y1.1d 

the eoil ~ plant .ample. oolleoted v.r. analy •• d for 

.Taluatlng aT.iIabilitie. of nutrientl In .011 aDd cono.n

tratio. and uptake of nutri.nt. DY plant • 

•• Analytioal teobniqu •• for .011 ... pl •• 

1. n,)ail. 0: .oil I"pl,. 

Surfao. (0-9·) loll ... pl •• r.pr ••• fttiDi .01,.1 •• ri •• 

(oo11.oiecl at P.ru.r, 00 isbat or. ) _I .mployed tor the tir.t 

aDd tourth ph.... of tbe .xperill.nt. 



~b. nonoaloareoua aurtao. aoil (0-9-) ooll.o~ •• tro. 

Paddy Br •• ding station ot Tail :I&4u Agrioultllral UlliT.r.it7 

Parm wu utl1laed for tb. s.oond pbaa. of atlld7. 

Th. typioal alkali aoll (0-9") ooll.ot.d fro. 

Sommanthuaicbitoor (Pollaobl, Ooi.bator. Dlstrlct) ... 

.. ploy.d for oondllotlng th. third .xperill.llt. 

2. Preparatlon of aoil a .. pl,a 

Th. aoil a .. pl .. w.r. air dried ln th •• had., ,.nt17 

pollDd.d wlth a WOOd,D mall.t aDd Ila.d for pottiDi. 

,. Qbaraot,ri.tloa of th, aol1 aampl •• 

a. nullal alld ohe11al prop.rtl.,: 

Tb. phyaioal aDd oh •• ioal properti.a of th •• oil 

... pl •• w.r. d.t.~in.d a. per the •• thoda of anal,.i. 

outlined b7 Pip.r (1966) aDd Jaokaon (197'). 

b. Mi'ronutri.nt .t&lllAtlon: 

, , 
'1" 

Tb. air dri.d aoil aampl.a pa •• illl through 2 .. pla.tio 

.1.~. w.r. utili •• d for tb. apprai.al of .ioronutri.nt 

aTailuilit,.. Tb. 'II.tbod d •• orib.d by LiM.a,. 8D4 .orwell 

(1969) wu ... pl07.d tor .xtraot ion of .ioroDu:tri.nt.. Thi • 

•• thoe! (D!P~ .xtraotion proo.dur.) oonai.t. of .quilibratio. 

of .011 witb D!P~ extraot (0.005 ! Dl.thyl tri .. tn. p •• ta 

a •• tio ao14 + 0.01 ! OaO~ + 0.1 ! Tri.th&llo1 .. iDt, tb. pi 

of the .i%tur. ad~u.ttd to 7.') in the ratio of 1,2 -7 



.batlDC tor iwo hourI over a horlsollial type .eohuloal 

.hater. The oOlloelltratioll' ot ditterent .ioronutrielli. 11l 

tbe extraot wa. d.te1'lline4 by u.iDg Varian l'eotron 120 

Ato.10 Ab.orption Spectrophotometer. 

o. Analytioal t.obnique. tor plant ... pl •• 

1. Preparatioll ot the ... pl. 

fhe plant .ample. ooll.oted were wa.h.d with 4.10n1.ed 

water. dried in tbe air ov.n at 60·0 tor 48 bour. and an.r 

reoordiDi dry matter weigbt powdered in Wiley M1l1 with 

.ta11l1 •••• t.el blad ••• 

2. E.it.atlon of nitrosen 

fhe .ioro KjeldabJ TIlethoe! d •• oribed by Jaonon (1973) 

was adopt.d. 

,. PrlparatioD of di-aoid .xtraot 

One gr&1l ot powdered plant material was digelted with 

15 til ot di-aoid minure of HNO, and BOlO. (Analar grad.) 1n 

tbe rat io ot .11. Tbe extraot wal allowed to 0001 and .&4. 
up to a known volume and u.ed tor e.tiaating th. tollowiQl 

e1 •• ellt •• 

a. Pho •• on'! 
Ia a Dod aliquot of th. 41&01d .Xiraot the P .... 

•• , iIIat e4 •• lor11letrloa11y u.l. f&Ba401101ybclat •• etllo4 

4 ••• r11t.4 'y Jaot.oD (1973). 



'It. Potal.1U11 S 

A kftown aliquot of tbe 41-aoi4 extraot wa. neutrall •• 4 

witb 1 &4 &IImoni. and potaaslUil detel'lline4 br uling DL t1 ... 

photometer. 

o. O.loio and _agn"iUJI: 

A known aliquot ot the Di-aoid extraot from whlob 

iron and aluminium were e1iminat ed was usee! and oa1019 aa4 

magnelia. determined by Verl,nate metbod de.oribed by Jaok.oD 

(1913 ). 

d. Miorol1\1jri,nt., 

The mioronutrientl 1e, MD, Cu and Zn were det,~ined 

by \1s1ng Varian T.otron 120 Atomio Ablorption Speotropboto-

meter .. p1oylng the re.peoti~e oatbode tub •• at the WBYe 

lengtb ••• ntioned below: 

E1,ment Va",e length 
0 

a. Zn 21'8.6 A 

b. cu '247.5 1 
• o. 1e 2483 ., A 

• d. Mn 2794.8 A 

D. Statistioal ana1,.1. 

Tb. exp.ria.ntal data ooll.,t.d tor ealb ot tbe t •• ~ 

pb •••• ot iUY •• tllation w.re 1a41"fidu.117 anal,.e4 .tat1.tl •• 11T 

-, tbe ."'04 ot ana1,.1. ot "far1&DOe. 



RESLlL 1 S 



The bioa.trio .b •• rYatioDB relating to growt~ 

ebaraoteri8iio. ill n.peet ot ditt.r.D.t ph .... ot illT •• ti

.atioa alld the oh_ioal anal7tieal data ot tb •• oil aad 

plant ._ple. are pr ••• ntH in thi. Chapt.r. 

A. lZperi •• nt 1. Studie. on the 1ntlu.no. ot Zn 

tertili.ation on the growth aDd aineral nutrition 

ot popular rio. Tari.t i.. at TlUlil .achl 

!.n genetioal17Tariable popular rio. Tarietl •• ot 

Tallil ladu w.r. grown up to hal'Y •• t under tOllr 1.T.l_ ot 

acid." In .. ploying a -and1 10 .. 80il oontainiac 0.8 P:S- ot 

D'lPA extraotable Za. Tbe .aoro and lIioro .le.ent Dutrition 

a_ w.ll .. graiD. .traw, root and total dr1 .atter 71e14 a. 

1ntlueno.d b7 Tariet ie. aDd d itterent leTel. ot In are 

.Du.erated and tbe interenoe. arl.ins tberetro. are bri.t17 

_uamari.ed below. 

1. Soil anall,a 

Tbe phyaioo-ebe.ioal oharaoteri.tie_ ot the _011 _ .. pl. 

e_urtac. eoi1 0·-9") 0011eoted troll .01J&l .eri •• (Perur. 

aoi_.ior.) .. pl01.el tor tbe .tud1 are pre.eni .. in 'a)le XXII. 

!b. _011 lIa. a _0411 ... i.xture oontaW. 3 •• ,' per 

•• ni t1Jle.n. trui10... The pH aM Be ot tbe _.11 va. ob_." .. 



to be 7.7 aDd 0.62 • 00./011 r •• p.oti •• ly. The .oi1 , •••••• ~ 

aEO ot 18.6 .e/1oo « aDd 75 per oent ot the .xohaDg' ooapl.x 

i. oooupied by 0. and Mg. The loil al.o oODtai~1.82 per 

oent !ret 0.00,. The Itatu. ot •• ail.ble P .Dd ( wa ••• ell1&11 

wbile that ot N poor. Tbe eoil reoorded low .tatu.. of 

••• ilable Zn (0.8 PPl). The Itatu. ot •• ai1able Ou Wal 

.arginal wbile tbat ot a.ailable Fe and MD. were abo.e tb. 

oritioal le.el. 

2. Drz matter yie14 

Total dry m.tter yield •• well a. ind1.idual dry •• tt.r 

yield ot grain, .traY aDd root reoorded for eaoh ot tb • 

• arietiel UDder ditferent leTell ot In employed are pr •• enteel 

in Table III along witb tbe resu.lts ot .tati.tioal an.l,..i •• 

a. Total yield of 4ry .att.:: 

Tbe total dry .atter yield ditter.d signlfloantly 

due to Tarietie. and Zn leTel •• Vari.ty 00 '8 reoarted tb. 

lIigb,at yi.ld of 98.9 g/pot. while 00 " the lea.t "OUllt 

ot '1.9 g/pot. The lODg duration Tar1.tie. teD4ed to r.oorcl 

auoh high.r dry .atter yie14 than .bort duration .arieti ••• 

Applio.t10D ot Zn lncr •••• d tb. dry .att.r yi.ld to tbe extent 

ot 10 to 15 p.r oent O'Yer oontro1. 

,. i •• in li.]4 I 

!b. gr.in yield d1fteHnoe. due to 'Yulet1e. aDd. III 

tertl118atloD ... ell •• tlle lntel&Otl •• ·'Yarletl •• x In 
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1 ... 1.- .110." Itatlnloal 1!cllltl0.... 'III. _rl.t, 00 " 

reoort.cl til. lIigb •• t ,raia 11.1cl ot 2'.1 ,/pot. 00" ad 

!I.lU 658 •• re oa par "ltll It. !b. 1." •• t ,1.14 ot 1 •• 4 ,/ 

pot " ..... oolated vltll TIAU 1'.". It WU BOtAl. th • 

• arl.ty 00 '7 whioll alto".4 alloh leaa total dr1 .. tt.r 71.14 

raakecl tore.olt 111 graia 1'1.14. III t.rt 111.at 1.a re'ln ..... 

,nll1 ,1.1et l .. rea •• ot 5 to l' per .oat ... r ooatrel, tbo 

l_re ... M1DC .01'0 proHa1l.O" at 1 0 ,,_. Bovo~or. 'tllo 

ottoot of III 111 oaban.lnc tb. ,rall1 ,.1.1el wu foud to -. 

oOlltla •• oaly to o.rtala ~arl.t1e ••• 1' .. 0&104 '1 t ... latol'

aotioll .tt.ot. Vbl1. all 1 ... 1. ot b 111011141. ooat"l 

_" Oil par ill Nlpeet ot ~arl.tl'l o. '9. 00 '7. 1ft 20 a .. 

POaDi, a441tioll ot Za ....... 11111110aat 1.vreY ... at ta 

otlle". Th. lDOnaa. 1n gra1l1 11.14 ...... troll 20 to 59 

POl' •• at .. 0111 tb. ~arlotl0. whlo ... "0 ... re.,.u •• to ..... 

Ill. In .oat ot tbe 0 .... 10 ,,. 1 .... 1 ot Za appeancl till 

'b_t. In ~arl.t1 RP 4-14, 5 'Pta 1 .. 01 aBel 1a 00" 15 PPI 

5n 

lo~ll ,",,1010" .01llu. ,rain 11.14. BY.. 1. 'b ... a ro.poul~. 

~arln1e. tbl 71014 ".04 to l_ro ... tlloqb a.' approola'l, • 

•• Itm 11.14. 

n ...... traw ,lald dUt.re.l •• u. to 'Yul.'l .. 

Ud III 1 .. 118 "1" .'&tlltloal1, .tealt1e.. Tarl."Oo,. 

Heol"4et tlao 'lIb.at .tra" 11.14 .t ".8 ,/pot, ... 11. 00 " 

'''0 1_, ..... traw 110U of 11.1 1""_ '!1I. 'Yul.'l •• 

II 20, o. ", !IAU 658 aM Oe '9 ftoortet .icJlltl_t1, 
.. ,.., .......... , ... 

I' , 

~'J ,,_ J _ 



low.r .traw 7i.ld thaa oth.r.. A. a g.n.ral rule 1 ... 

4uratio. Tari.ti •• r.oorded higher Btraw 71.1d obTiouBl7 

dll, to long period ot growth. Th •• traw prod,,01q a1»111t7 

ot dirt.r.nt Tari.ti •• may b. grad.d a. 00 ,8 • Pol1ll1 > IR 8. 

BhaTani> TNAU 1'49' > RP 4-14 > IR 20 • 00 '7 - !rlAU 658 

> Co '9. App1ioation or 5 ppm ot Zn brollght a'bout 12 per 

o.nt inor .... 1n .traw yi.14 OT.r oontrol aDd fUrth.r 1nor •••• 

ot In 1.T,U ahow.d no 8ignitioant iDlpl"OTa'Dt. Th. int.r

aotion .tt.ot a. ob.erY.d in grain va. not ob •• rYed tor 

.traw yi.14. The applioation or Zn .nbano.d .trav 71.14 1n 

all the t.n Tari.ti ••• x .. ln.d and th •• tt.ot va. m.r. 

pronouno.d In In r,.poD81v. Tarlety IR 8. In oth.r. the 

inor.a •• wa. only marginal. It i8 .1gnitloant to not. t'a' 

Tarl.ti •• Co '7. IR 20. 00 '9 and Ponnl wbloh r.oord •• n. 

appreciab1. inor.a.. in grain 7i.ld due to Zn t.rtl11.atlon, 

$howe4 marginal inor.a •• in .traw yl.1d. 

d. Root dry matl.r yl,14 J 

51 

Root weight al.o dltt.r.d oOD8id.rably du. to Tarl.tl ••• 

Varl.ty 00 '8 r.oorded tb. high •• t root w.ight 10.9 I/pot, &lid 

00 '7 tb. l.u". A point ot Int.H.t wu tbat ",arl.t7 00 '7 
whioh r.oord.d tb. higb •• t grain 11.14 reoord •• the lowe." 

root dry matt.r yi.ld. Thi •• xpla1n the more iJlpoziaat 

nature ot the pbJlll01og1oal taotio.11l1 rath.r th .. the ",uta 

ot root. prod.o". 'l'b. ",ar1.t7 00 '7, lsow .... r. ap,,&:zoe t. ). 

all .:d.ptlon to tb. g.D.ral rul.. .l '!anilioet po.lt1 •• 



oorr.latioll (r-o.eO) va. ob •• rY.4 la.tv •• n root 41'7 .att.r 

yi.14 an4 yi.ld ot graiD 11l tbe pre.ent .tud7. Zn 

t.n ili.at ion a180 brought .bout .u.noed root growth. 1'11. 

lI.an root 4ry utter yi.ld froll 4.9' g /pot ill oontrol in-

er •••• d to 5.41,5.69 and 6.36 a/pot due to .pplio.tioll ot 

10, 5 and 15 ppm Zn r •• peotiTely. Thu. ZIl t.rtili •• tio. 

taYourec1 b.tter root growtb in all Tari.ti •• inoludinc 

Don-r •• pon.iT. T.rietie.. Tbe .tt.ot OD root growtb 1a 

Tarietie. RP 4-14 and IR e va. more pronounoed tban all otber 

T.rietie •• 

,. Oonoentration and uptake of nutrient. 

1'b. oono.ntration aDd nutri.nt uptake iDdiTi4ua1l7 

by graiD, .traw and root and tb. oOllp1ted total upt.te .. 

influenced by Zn f.rtili.ation in d1ft.rent Tari.ti •• ar. 

pr •• ent.d in Tabl •• IT to IXI. Tb •• tati.tioal par.et.ra 

tor e01lparilOn of .ean. are al.o iD4ioa"ed. 

a. Ni'rol.nl (fable. IT aDd V) 

1'be conoentr.tioD ot W in ,ra1D Tarie4 tro. 0." ,. 
1.48 per oent. N.1th.r th. Tar1etie. nor the Zn tert111.at10n 

o.a •• d ally 8ignitioant Tariation 1n graiD • oono.ntrat101l. 

!b. uptate, 1I0wner, Taried markedly. It ruged t1'O. 1" .. / 
pot to 279 1II/,ot. IR 20 reoord.d th. hiahe.t aM ,.m 1'493 

tb. 1 ... , .ptate. ZII t.rtl1l.at iOD 'broucllt altout D. 

811a1tioarrt ob.III' iD "be I •• oulllai10D ill gra1a. Bowner, 
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~b. illt.rao~lon ett.ot "T x Ill" abowe4 .1cnitloano.. Z. 

appltoation t.nded to lnor.aa. ~b. grain W uptake la 

Tarl.~l •• IR 8, 00 ,8 and RP 4-14, wbil. bleh 1.Tela ot 

In algnitloantly d.pr ••• ed th ..... In IR 20. 

!h •• tr.w K oono.n~r.tlon rang.d trom 0.'0 to 0.62 

per c.nt. II 8 r.corded the high •• t If oont.nt. A.pplloa~ioa 

ot Zn tended to lner •••• the. eont.nt thougb Dot .ppre.l._l7. 

~he mean str.w I concentration for inore.sing leTels ot In 

wa. 0.46, 0.46, 0.48 and 0.48 per oent reap.otiTel~. The 

.traw N uptake Tarl.d fro'll 5' to '21 ag/pot. Apart fre. 

Tari.tal inflaenoe/zn tert11i.at10n also brought abou~ 

.ignifioant ohance. ln .traw If uptak.. Hilh •• ~ JI' uptake 

was a •• ooiat.d with 00 '8. Long duration Tartetie. tend" 

to aoou.ula~. more N in straw tban .bort duratlon Tarletle •• 

Zn appllcation 'beyond 10 PPI oaused lIarkea and s1glllt10ant 

eoanced .traw N uptake. The lncr.a •• raDC.d tro. 16 per 

o.nt at , p]a 1..,..1 to 26 per oent at 10 aDd 15 PPI leT.l •• 

In.r .... 1a dry .atter 11.1d w1th no oorr •• pon4lDl 411.t10a 

.tt •• t Oil • oono.ntration baa aocount.4 tor .uoh iaorea." 

:I ."at •• 

~b. oono.ntratioa of I In root yarl.d tro. 0.,6 per 

•• at t. 0.99 per •• Dt. 'arl.tie. 00 ", TlfAD 658, IR 20 

aad R.P 4-14 r •• or«." lI1cb.r root • oou.ntratl... LoBI 

•• ratlon Tarl.tl •• ooatainla 00.parat1TIly 1 ••• root • 



Gonc.ntration than .hort duratioa yari.ti... In t.rtili.aiioD 

oanl.d DO appreoiable ditterenoe in rooi If oODoeairailoa. !)le 

root uptake of • cUtter.d .ig.ifioani11 UODg yarietie •• 

Varietie. RP 4-14. Bb&?an1; IR a anet 00 ,8 r.oorded bieher 

uptake than other.. The int.raotioa •• &Il. indioated the 

.tt •• t ot Zn in .ignitioantly inor.a.ins root • uptake ill 

yari.ti •• IR 8 and RP 4-14. while d.pr ••• ins the .... parti

oularly at high leyel. in yari.ty 00 '8. Root. of 00 '7 

regi.tered the lowe.t uptake owiDg to reduoed root lrowth. 

The uptake, hoveTer, inorea.ed witb gradual incHa.e ill the 

1.Tel of Zn. 

56 

!be total I uptake Yaried .1gnltio&D:t17 chte to IJldiyU"al 

.. w.ll •• interaction ette.t. 00'8 reoon.d the 1Iigh.at 

uptake ot 597 ag/poi a. acailllt the lo ... t J of 259 .. /pot in 

Co '9. Zn fertililation eDbanoed total. uptake aDd the 

.tf •• t vu aore pronounced at 10 p,. l"el. Th ..... aptau 

Talue. regiltered ve~ 412, 45', 46, and 446 .. /pot for 

inorea.iDg Zn l.y.l.. Tbe interaotion .eanl, hovner, 

indioated this ett.ot to b. oonfined to IR 8. IR oth.r 

Tarieti •• all 1.Tel. vere en par .ugg •• tiDg that In .ppll0.,10. 

had no ditter.ntial influenoe 1Jl iotal • aptat •• 

(il) " •• ,bOrs" (Table. VI aDA VII) 

Tli ••• a oOllo.lltration ot P b lre.ia JIQIe4 fro. 0.18 

PlI' •• at 1a 00 '7 to 0.26 p.r oeat ill Peu1. ..lt1l.r tit • 

• ari.i i •• _or tile 4itt.nu.. 1Il III 1 ... 1. ou... -, 



appr.oia\l. Taratio. i. Irai. P oODO.atratioa. Th. llptak. 

ot the .l ••• nt b1 ,ram, hov .. er, ditt.red .1gaitioaat1,. 

du. to both the m.in .tt.ot.. Co 38 and TBAU 658 r.oord.a 

h1l13er llptake of 52 and 47 II,/pot U oompar.d to 37 to 45 

III/pot in oth.r.. A .light yet significant inor.a •• of gra1. 

P uptake va. ob.erved due to add.d In tertili •• r.. T'b. iBt.zo

aotion .ean. reTe.led • detinite po.itiT. influeno. ot la 

applioation on craia P uptake in Tari.ti •• RP 4-14, Bhayaai. 

IR 8, 00 38 and TlfAU 13493. .A. depr ••• ioa in P uptake .t 

15 Pili Zn l.T.l vu obaerYed 1D IR 20. 

Th ••• an .trav P oonoentration ranged trom 0.06 t. 0.1' 

per O.llt. Wb i1e Zn tert ili •• t iOIl oau.e4 ae .i,nifioant 

Tariatioa •• trav P oonoentration Tari.4 dll. to Tar1etie •• 

...... 
~ I 

Th. Tari.tie. Tlf.lU 658, 00 39, Poei aDd III 20 1'."1'404 1I~)I.r 

p oOllo.ntration tho other.. !b. uptake ot tla •• 1 ••• llt .. i • 

..... rY_ tor gram ditf.red .ignitioant17 du. 'to •• ri.ti ••• 

In 1 ... 18 .. ve11 .. it. iJ1teraotioa. The uptake .eie« tro. 

14 III/pert in 00 '9 to 68 q/pot ill POllJli. fla. Tari.tie. 

00 '9 aad 00 '7 were •• sooiat.d witb .1gnitioant17 1 •••• traw 

P uptake tho oth.rs. Tbe applioation ot la at 15 p,. 

_!caiti_t1T d.pr •••• d tbe .tra. P uptak. OTer otla.!' l ... la 

w)lio)l naaiDed on par. Tbe interutio. 1Jldioated tlaat .itll 

tla. ex •• ptloJl .f Co ,8 and 00 '7 a d.finit. 4.pre •• i •••• l 

llpotak. r.sult.d at tbe high •• t le •• l of la .,10,.cI. 
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!he .eu. root P OOllOeDtrati .... ar1ed "ithiD .. er7 

narrow l1ait. bet"een 0.12 to 0.15 per oeDt and neither t'e 

.. arietie. nor Zn terti11_atioll oau_e4 aD7 _1gnif1oaDt 

clifterenoe. The root dry .atter 1ield difterenoe_ aooout .. 

tor oonap1ouou_ .. ariatioD 1a root P uptake whioh r~ •• rro. 

2 me/pot in Co '7 to 14.9 as/pot iD 00 '8. !he .. arieti •• 

00 '8, IR 8 aDd na .. ui reoorded two to tbr •• told .uaDo" 

60 

P aoou.ulatioD in root_ a_ oo.par.d to other .. ar1.ti... !h.re 

va. inor.a •• in the root P aooumulation due to applioatioa of 

In. the .ean P uptake be1ng 6.2. 7.5. 7.2 and 8.2 ac/pot tor 

inore .. i. In le",el_. 

!b. total P uptake rag.d fro. 5' ./pot in Co " 

to 129 ai/pot 1l'1 Ponni. The .ean tenal P \1ptake lor !norea.i. 

III In.l. lGrked out to 81. 89. 89 and 83 III /pot aDd thu. ther. 

va. DO appreoiable infiuellCe ot ZD on total P uptake. !h. 

interaotioD etteot al_o was nOD-_1gDitioant. 

(iii) Pot ... iu., (Table. TIll and IX) 

'!be I oonoentratioD ruged tro. 0." to 0.60 per O.Dt 

in grain, 0.86 to 1 .,6 per oent in .tra" and 0.21 to 0.4' per 

oeDt ill root. 'eitber the ",ar1eti •• DOl' tbe Zn lertili.atio. 

produoed aIl1 .!cnilioant obaDCe in tbe OODOIJltratioa ot I. 

!be .ptake ot the .l ••• at, how ..... r, dift.red .1cD1ti ...... l' 

4ue to .. ari.ti .... ",11 .. Zn t.rtili.aiioa. Tarletie. o. ,a, 
Penni u4 BP 4-14 r8l1ateret .1c1litiootl, '!claer uptate .f I 
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-, graln. Graia x: uptake was not 11ltl"enoed "'1 Zn app110.t10 •• 

Varlet le. 00 '8 Porm1 t navanl aIl4 IR 8 r.oord.d lreat.r .traw 

and root !: uptale. In oonjunotloll wlth lI1&b.r dr1 .att.r 71.14. 

Zn f.rtll1.at 10n favoured lIor •• traw aDd root :t uptak., th. 

uptak. b.lng .ignlfloant ... n at low 1.T.l. of add.. In in 

re.peot of .traw. 

J. oon.ld.ratlon of total x: uptake rn.al.4 tb •• 1cn1-

floetly inor .... d uptake In 00 '8 and Poei .. 00.pare4 to 

other.. Long duration varieti ••• bow.d gr.ater "ptate tban 

a.4iWl and .bort duration vari.tl... Bow.T.r, th. total :t 

uptake bad no relatiol1 to grain yi.ld but r.fl •• ted .ore or 

1 ••• tb. trend of total dry lIatt.r 71.14. 

(iT) Qalolum (Tabl •• X aDd XI) 

The 00 no 8nt r_t 1011 of Oa 1n tb. grain abow.4 0011814er

able Tariat iOIl. There w.re varletal d iffer.noe. • Th. oont.nt 

Tarl.4 froa 0.4' to 0.55 per o.nt, the high •• t ..,.1111 a ••• olat.4 

wltb !rIm 658 aDd tb. loweat witb IR.S. A.cld1t10n of Zn .nhaa.e4 

ibe Oa oonoentratlon of graln, tb. lnorea.e b.inc aore pro

aoanoed wltb bigber level.. Tbe oono.Jrtration 41ff.r.no •• 

ollYl."al, refleoted in uptake 41ttereno... 1')le Tarletal 

iD11u.noe wu auob aor. pronounoed tban In tertl11.atl0 •• 

Tarl.ty T:JAU 658 rec1.tere4 tbe hllh.at sraiD. uptake. !h. 

u" an ot Oa 1DOrea.e4 up to 10 ,,_ 1 ..... 1 ot S. aa4 ••• rea ... 

• "'b •• CI,,eni 17. 



The .traw Oa oonoentration ditt.re4 .ignitioantl, d~. 

to 'Yui.ti... The ooat.nt rug.cl trOll 0.34 per o.nt 1a 00 '7 

to 0.58 per o.nt in IR 20. In applioation produced no .ark" 

ohang. in atraw Oa oonoentratioa. Tbe ~ptake of Oa .ill'li

tioantl, 4iffered both 4~e to 'Yarietie. aDd Zn le'Yel.. Th. 

uptake 'Yari.4 from 48 to 297 me/pot. It i. inter •• tine to 

note tbat Zn re.pondinc 'Yarietie. teDded to aooWl"late .ore 

Oa in .traw tban Don re.po!Uli'Ye type •• 

Genetic 'Yariability of the 'Yarietie. and added III 

f.rtil1.er. w.re ob.erYed to oau.e .ignifioant differ.DO. in 

tbe Oa oonoentration of the root. Tbe oonoentration 'Yarie4 

from 1.52 to 1.80 per oent. Tarietie. TIjD 658 aDd 00'8 

reei.tered tbe b 19be.t root Oa oontent, wbile IR 20 the l ... t. 

Inor.uina l ... el. of Zn oa~.ed a progre •• i'Yely iuorea ... 

concentration of Oa in the root. The ooncentration 4itt.re ••• 

oo.bined with drYllatter 11e14 diff.r.no •• &Gooe"e4 tor aart .. 

41fter.Btial ~ptake of Oa by root a. well. The uptake ruc •• 

froa 24.5 rag to 194.8 a,/pot. Tarietie. 00 ,8, fta'Y .. i .... 

IR 8 reoorded gr.ater uptak.. Applloatio. of In e'Y.n .. 5 ,,. 

oa~aecl a .iga1fioant iucrea.e of root Oa uptak., the 1 .. "a •• 

bUill aore prono~noed at hieher 1.'Y.l. ot Za. 

G.netio 'Yarialaility an4 Zn t.rti111at10. '!'OUCht abo,," 

.14. cl1tt.reno •• 1. total Oa uptake. 00'8 reoord.-l a thr .. 

told 1.or .... 4 "ptak ••• oo.pazoecl "0 00 '9. LoBI cl"ratl0. 
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Tarl.ti •• Ibowed hlgher uptake tban otherl. Zn ad41tlo_; 

althouch 414 aot pro4uc •• uch appreclabl. Tariatioa .. 

yarl.tl •• , y.t .T.n 5 ppm 1 ..... 1 oou14 taTour .1cnit10antly 

more uptake a. co.pared to tbe oontrol. 

(y) nacn.liwa (Table. XII aDd XIII) 

Th. conoentration ot Me in grain ranged tro. 0.17 t. 

0.26 per oent. Tbe oonoentration 41ttere4 11gllitioantl, 

within yari.tie. a. well a8 due to Zn t.rtll1.atlon. PODDi 

reoord.d tbe bigbe.t r.tg ooncentration. A,441tion ot ZJl 

6i 

tertili •• r oau8.4 an enhanoed f'c oonOlrrtration ot ,rain oy.r 

oontrol. Tbe Mg oontent ot 0.19 per oent in oontrol inor ..... 

to 0.24 per oent at 15 PPI. The ditter.no •• 1Jl oono.Jl'tratioa 

b.tw •• n 5. 10 aDd 15 p~ Zn lev.ll w.re Dot appr.ciabl •• 

Th. cono.ntration difterenoe. oo.blned with dry aatt.r 11e14 

Tar1ationa r.tl.oted 1n 11gn1tioant ditt.r.noel of aptak. a. 

w.ll. Tb. uptake ot Me Tarl.d tro. '2 to 52 a,/po". AI a 

.en.raJ. rule, In r.lpol18i .... typel Ihow.d gr.at.r Me uptake 

tban oth .r. • All 1 ..... 11 ot a4ded Zn r .. ained on par &D4 

recil't.red .ip1tioant11 hilher .",ak. "han oomrol. 

!b. oono.ntration ot Me in .traw yari.d tro. 0.'0 to 

0.48 per o.n". Tari.ti •• TIAU 658, IR 20 anet RP 4-14 r.oori •• 

lt1cll.r oODO.atration thall oth.r.. 1'12. OOJ1o.ntra"1 •• clUt.reu •• 

4ll. "0 In 1 .... 1. w .. not appr.oiabl.. Me .ptak. '1 .traw 

ruced tro. ,6 to 242 1II/po",. !h. h1&lI.I" "",alt. va. ob •• " .. 
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1. 00 ,8 aDd. the lea.t 1Jl 00 ". I.o ... uzatloll Tart."l •• 

teD4e. to .boll .uoll hilber uptake "hall .hon claratl0. 

T.rietie.. ZIl tortilia.tion t.Toured ,re.t.r .00nula,,1 •• 

ot He .a o.pared to tbe oontrol. !be inor •••• W&8, how.T.r, 

11.ited to lower l .. el. ot Zn T1 •• , 5 and 10 ppa. 15 p,. 

.bowed a deprea.tac etteot. 

Tbe oonoentrat ion ot Me 1. the root rueed wltbi. 

narrow 11111t. ot 0.80 to 0.91 per oent and .a. tound to ... JlO~ 

Intluenoed to any appreoiable extent eltber br Tarl.t1 •• o~ 

III applioation. Tbe root uptake ot M, rua.d trOll 12 t. 92 

.,/plot and vaa obaerTed to be .ai1l17 a Tari.tal ta"or. 

Tbe uptake va •• ore or le •• related to roo" 41'7 lIatter 71.14. 

00 ,e, BhaTan1 and IR 8 relinered ,reater uptake than oth.n. 

Th. total", uptake Tar1ed tro. 85 1I,/pOt 1. 00 " 

to '87 ltC/pot ill 00 ,8. !he 10DC daratloD Tar1et1 •• "eD4ecl 

to aool1.111ate 1I0re Ifc than Ihort duratloa Tar10t1e.. !n 
total Me uptake va. al.o iIlorea.ed .1cn1t1oaat17 due "0 

addltlon ot In tert1liaer. 

(Ti) k!!1 (!able XIT and IV) 

!be oon •• lltratioll ot iroll i. ,zelll T&rl.. tro. 104 PPII 

1. 00 " to 1.7 p~ 1Jl TH.l11 1'.". Lo. 4"ratloll Tuleti •• 

~ •• o".c1 .1InUloant17 h1lll.r ,a1l1 ,. 1011 ••• r&t1 •• til. 

Oilier. • ,. t."111.&ilo11 alao .. "",11~ .'bout .1caU1.&Jl~ 

70 
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In ley.l .au ... a .ilnifiOdt •• orea •• of ,ftin h 00 .... 11' ... 10 •• 

'h. oon .. ~ration 4iff.r.BO •• 1'.11 •• 114 in the y.rlatl ••• ~ 

uptake •• _11. 00,8 aDd Bb.yaJli re.ort.el biell.r apt •• "11_ 
oth.r.. '.AU 1'493 re,i.t.reel low upt.k. 111 .plt. of IIQlac 

high oon •• n1ration owiDe to low craln 1i.1a. ~'111 In 1.y.18 

15 P:S- wu fOUM t. 'briDe a'bout •• 1cn1tloant r.4uotl0 • • t 

crain P. u-,aa. 

!II. oono.ntration of P. in .traw wIIioll wu roUClltl, 

three to fourtold hip.r a. oo.par.d to lrain r&IlI.4 frOll '96 

PPlI in II 20 to 576 Pp. 1Jl Ihayaai. A8 O'bB.rY •• in lrain til. 

inonaBinI 40 •• of ZJ1 broUCht about .i,n1ticaat ro4uo1io. of 

.traw Yo oon •• ntratioa. the 4 •• na •• _.iDe .01'0 pron ......... . 

with til. ad4it10n ot 5 P:S-. It .a7 al.o 'be ob •• rY.a tllat tile 

.tt •• t of Zn ill att.ot1Dc the ,. oono.Dtratlon wa •• ore pronou .... 

in .traw tllan lrain. !be uptake of h appean to y.r1 aQlull, 

etu. to , •• etio y.ri.bi1it,. It 1' .... 4 tro. 6 to '2 .. 1.,.1' JO". 
00 '8. DaTan, Po:naj. a_ IB 8 r.,iaterecl ,reat.r upt •• tll .. 

otllU'll. !1I. uptak •• f P. cI.ore .... 1. oon3uut1 •• wl .. 11 

oou.Jrtratloa lu. to In t.rt l1i.ati ••• 

•• ot •• ontain.et y.r1 hll11 .on •• ntra110. ot Ie .. 

ooaparel to Irai. ..I draw. '11. oOllt •• t ruc.1 tr_ 10a ,pi 

in III 20 to 1'00 ,pa ill Dayam. !)I. ,.n.110 y.rl.'bl11t, -DC 

Y.rlotl.. ... tll. In t.~111.atlo ... oeaat.. ter .1ca1tlocat 

.ltt.zro .... 1a til •• 0 ... n"l'atl •• ot r. 1n 'II. 1:'00". "a •• 1, 

le.l aa4 o. ,., .o."alua )liP.r root h .oa ••• uatl •• "II .. 
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8th.n. n. ant ... ll1nl0 .n.n .f III •• tll ••• trltl •• waa 

ob •• nod 1. root. al... A 'l'O~ft •• l"'. 4.0N ... of P •• OU •• -

tratl.1l wu ob •• ne4 wlth 11l0rea.lac 1.",el •• f I... ft. 

aeoNa.e va. -oro PI'OIlouJlOe4 wltll tll. 1141tl0. ot 5 p,. I •• 

!lIer. w .. a wlae 41fterell0. 1. th. root P. uptake whl.lI 

ra •• 4 tr_ 2.14 t. l' .64 .. /.,.t. 00 '8, :llIa", .. l, II I alIA 

RP 4-14 ro~l.terod h~lIer uptak. th .. otll.". !1I •• ,take ot 

P. w .. al.o toUd t. r.tl.ot th •• _ treDd ot 4r7 _tt.r 

71.14. AIIoq ZIl 1".1. oontrel r •• oftecl tll. 1I1cl1.n I. aptaD. 

Kow ... r, th. 41tt.r.lloe. betw •• 1l a44 •• III lnel. w.re _t 

approolabl •• 

!h. total f. uptake ra •• 4 tl'O. 10.4 to 48.5 .. /pet. 

00 '8 .. 4 Bhpanl reOOftH hieb.r uptake tPa oth.N. ". 

41fter.n ... are attrlbutabl •• &iIl17 ". ",arl."al ",ariatlo .. 

aD4 pari17 to oOllo.ntratloll 41ff.re.0... !h. ".tal h apt ... 

• lIow.4 a .1cnltloaat 4.011 •• 4u. to tll. ad41t 1 •• of •••• 5 ,,. 

.t ,.. !)I. 4.0ft ... Wal not approol.'l. wlth :r.rtll.r a.re .... 

I. l.",.la. !b ..... total P. uptat. tor til. lno" .. l. III 1 ••• 1. 

worked O\1t t. '2.', 27.0, 26.8 ud 24.' .. /pot ".,."1 ... 17. 

(Tl1) Jtlyca, •• ,. (!a'l •• XYI &lid IYII) 

!Ja. eollo.lltra 1.. of "a 1a pal. ruap4 troll 90 ,,. ill 

00 '7 t. 109 ". 111 Ia 8. Ks •• " tla. Tul.'1e. Oe " ... 

o. '7. all .,,11.1' 'Yul.tl •• ".DI" to ... ala o. ,.. ... tJa .. 

1.llot 10 T&rl_111 tJ' aPJMl' t. .. .. , "1&"04 to •••••• 'ra1:1 •• 
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iLS 

---~-~~-~~-~~~~-----~--~-----~~----~ • M ... 
Tar. 

a 8 (I S R If 

--~--~---~~~-~------~-----~----------

1 • 1 .'2 4.2 1.48 4.81 1.16 7.45 

2. 1 .61 7.0 2.07 7.45 0.81 10." 

,. 1.58 6.5 2.2' 7.18 1 .64 11 .05 

4. 1 .55 8.0 1.80 9.15 2.21 l' .16 

5. 1.41 14.q 1 .92 11 .92 :5 .17 17.01 

6. 1.75 15.1, 2.01 15.44 1 .80 19.25 
I 

7. 1.78 7.~ 2.21 11 .60 2.63 16.44 

8. 1 .'9 11.~ 2.10 12.07 2.45 16.62 

9. 1 .7, 16.1 2.29 l' .'5 ,.1' 18.77 

10. 1 .05 1 .'8 12.12 1.5' 15.~ 

Mee 1 .52 -
-~---__.--....._-- ---~~---~~-~-~--~--~--



of MIl 1a .ra1D ••• trar1 to wlaat ... 01».0"0. ill tllo .... 

• t l.. !1I • • tt •• t 4 •• to I. 1 ..... 1. H .... al04 a ."1'11"1. 

'Ill-MIl' lnt.raotloll. A progr ••• i .... i.ONU • • t .ono.lltratl •• 

ot Ma .a. to laGr.a.iac III 1 ..... 1. wu ola •• rYo.. !II. uptat. 

ot the .l ... at .. ri.4 r.ro. 1.'7 to 2.28 .. /pot. 00 ", 

':rI.lU 658, Bh_all1 aM lit 8 reoord04 .1II11tlo_tl, lIi1l1.sa 

uptake tllan otJa.N. Appll.atl0. ot SIl .... Il at , ". •• u 
_riDe alaout a .i,nitlo&Jl't iureu. ln ,:rata IfIl .ptat •• 

hrth.r lUNa •• i. 11'1 1 ..... 1. wore 011. par. 

!1I. at:raw Jbl eo n •• llt rat ioa r_ot tro. 211 t. "4 ppa. 

00 '9. IP 4-14, I:fAU "~I ua4 II. 20 rooord04 1IJ.c1l0:r eououn

tl0. th _ otll.n. nl1. lral. MIl oo .... tptl •• lMna." ••• 

to III &44itioll. tla ..... a.orea .... icn1flo&llt11 1a at"" &at 

tllo 4.oft ... va •• ore prono.ao.a at )alel1.r l • .,..le .t III 

7; 

•• ployed. Ih. aptak. ot MIl -, naw :ra ... 4 troll 4.8 t. 1'.4 

.,/pot. 00'8 an4 PODl N.O~oct INat.:r .t:raw ilia .". "lIaa 

.tllore. 11I.re va ••••• rt .. • tt.n •• ot_w JIIa ." .... 

aooo •• t .t Zn t.rtill.ati.a. 

Th. JIll ••• ".tratl •• ot root 'Yar104 tro. 267 t. &49 ".. 

!Ia •• tla. not. 0 t all -.arl.tl ..... tat .. ,n&t.:r ....... &t1 •• 

ot JIll ..... ,eet to ,pm .... atraw. _ .. tJao y_1"1 •• 

00 " ",ineret tla. lIip •• t root IIa ... ontratl •• wllila haJ. 

tit. l •• n. !,. ...... Sa tortllla .. at all 1eY.l .... .. 

1.,..t •• "" lID. ..... lltrat1... !III. ".-ato ot ... , "n 



Tarl.. tr_ 0.81 to, .17 • 'pet. U 4-14 .... 00 'I ft ..... 

hip.r zoot Ma uptake .... pant t. 0")11.1'11. D. ap,11.atl •• 

• f ,. ".Dd .. t. iJlofta •• tll. aoo .. u1atl •• of • aad t)ll • 

• tt.ot va. '1cll1tloaa" at 1I1per 1 ..... 1 • • t Z •• 

!1I. total MIl "ptato ra ••• fro. 7.4' to 19.2' -a''" 
aD4 ... oD •• ".4 t. la •• a1Jl17 a Tart.tal taotor. z.., •• 8-

tlon Tarlnl ••• lIo".4 ll!ch.r "pt.. In t.nl11.atl •• )IIat •• 

• pprooi_l. iDtlu ••• on total Ma upt ••• 

<Tl11) O'PP'E' (!a1»l •• %JIll aDd III) 
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!II. oon •• ntratio. ot 0" in "11. ,rain Tarle4 fr .. 6.6 ,:S
In _hay&.l to 14.8 ,va 1n II 20. ... •• IJl t.ril11 .. r 414 •• " 

11lt11l ... the ,rain AU oont.nt. !h ••• an Tal" •• olt •• " .. f_ 

i.orea'iDe III 1 ... 1. w.re 10.1, 11 .5. 11.4 &JI4 11.9 ppa. t_ 
Int.r-otl •• • tt •• t 'T x Zn' .how.4 811Ditl.ano.. la 10, 

PeDl, aP 4-14, ".U 6" .... a. ,8 maiao4 _ par ad , .. 

• !cJl1tloaa"17111cll au. oont •• ". 1& ,.a '51 .... leDi, ... 

i •• reu. 1a 0. •••••• trat1 •• Val olt •• n", vlll1. 1& n e "11.1'0 

'" .... 11l)al1a1toZ7 .ft •• -i. rile ."aD .t a. 'ltt.ftt .!caUl

.... t11. ft ••• a. "" "ptaD Tarl.4 trea 0.11' t. 0.211 .. ,,.t. 
,._ 1'4" .... a.aU .ll ....... , le •• aptat. " ... ~.n • 

• p,Uo."l •• • t la .0 ... 4 OR IlJtab lt7 ,rata wlllell HW'NZ' 

'14 Rot Tar7 .,pn.1U11 w1t)lla 844 .. le •• l.. n. bt.nnl •• 

• tt •• " U.l ...... '1118 .tt ..... t .a ........ 1 .. Ga ." .. '7 

,1'&U to 'Ito eoaf1u4 ,. 'I"U "a. ta 20, Il 4-14 ... hal. 
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!II. nraw a. OOJlo.BtratioB JIUI.t tr_ l' t. '8 ,,.. 

romd .a4 III 8 1'.' in .re4 'b 1&h.r atraw 0., wllil. '!AU "8 
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.. 4 O. " the l.an. Til •• "lio.tioD ot Zn t ...... to 4.ore ... 

Ou ooao.~r.tioD i •• traw .ad thi • • tt •• t .... 01' •• t 10 ". 

In leT.l. The .traw u~at. ot all Tar1ed tr_ 0.2 t. 2.01 

.,/pot alld It va. tOulld t. 'b. hilll.r 11l PODi .. 4 III I "Ja .. 

otlt.n. Za t.rti1i •• tioa 'broUC'b" .bo\lt ao .ppreoi.'l. 

"arl.tioa ill .traw au. upt .t •• 

!'b. root a. o.no.Dtrati.n ranee4 tre •• , t. 91 ,JIll. 
All ill t'b ••••• • t ,. au MIl, root •• 0Ilt.i_4 )a1cIl.r oa ...... -

tratiOD t'baa .tr.w aIl4 ,ru.. ID a,p1i •• tion 414 ao" att •• " 

t1l. root 0. .ono.ntrat1oll. Ito." uptake ot 0. r_ .. 11'_ 

0.12 1n O. " t. 0.10 .. /p.t ill o. 'I. !II. M4iii •• ot Sa 

ta"ollrot ,reater aooQu1."io. ot Ou ia 1'00t. 

!.tal. uptake ot au T&rio. 00u14era .. 1,. 4 •• "0 "aI'1."1 ••• 

Ii ranc" troll 0 .44 io 2.78 .,/pen. Xo., ot ,lao Ia ".)IOu1". 

Tari.tie •• 'bowo. )lic'ber upt *.. ID appll0.t1.n tuo""t lrea-"

aptaa wit'b ad4 .. ,. 1.".1. ".a1Il11l1 _ par. !h ..... ".tal 

0\1 .pt.k. "al ••• tor t!t. boro •• i. le.,.l. ot Za _" O'b .. ..,." 

io 'b. 1 .48, 1 .,' aJId 1 .'7 .. /pot. 

(lx) UBI (!.'bl •• IX ... XXI) 

,t. ....... rail.a ot Sa 1Il 1111. craill 41t.teft4 -1caUi-

... t17 _t .alT t •• to "'&rloti •• lta.t at.o au t. b. 1-'111-

_at 10.. !h ••• a •• B,,_t1.a .t b lalraia ..... fNII '.I t. 
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18.9 ,,.. n 20, II 8 ... '5m 1'4" reooJ'ted .iaJl1tioan,,17 

hieh.r la .oat.at than o"lI.re. A .lpitioantl, laore .... sa 
ooaoentratioa ill erala ... ob""_ clue t. a44.4 la t."111 •• r. 

!h ••• an ooao.ntration ?alu •• ob •• n .. were 9.7, 14.', 15.0 

aa4 17.5 P-S- tor inor ... iq la 1.y.18. fh. at.aotloa .tt.n 

-Tariet, x Za l.y.l." ... al ••• 1cnltl o ant • Wltll the ••• "1 •• 
• t 00 '9 am 00 '7 Tari.t i •• , all othen .lIow84 1 •• r .... el Ia 

oont.nt ill IratD .. a r •• ult ot Za t.rtili •• r appli.atl0 •• 

!h. e.n.tio Tariabillt, of Tarl.ti •• aDa &44.a In t.rtl11 .. ~ 

al.o broueht abo"t Tarl.tion. 1. t1l. uptake .t la '7 poUJl. 

n. uptake Tariecl tro. 0.12 t. 0." III/POt. II 8. 00 ,a. 
IP 4-14 a. Poui reoorde4 ereat.r uptake thall .1:11.". !1I • 

.. pt akG of ZI& illor.a. e4 .leni,t 10 ant 17 tro. 0.1 67 .. /po" 1a 

oontrol to 0.288 t. 0.'25 IIC/pot 4 .. e to a"lio&t1 •• • t b. 

t.rt 111 •• rII. 

!1I. GOat.at ot III ia .traw al.o Tarl.el .1Ialtlo&1ltl, 

••• t. Tarl.tl •• a. w.ll a. la .pp110atl... ')I ..... , • 

•• a ... tratloa 4 •• to Tarl.ti •• ruee4 1roII 18.4 ". fa Ia 20 

i. " ,,. 1. ,.m 1'4". !WAU 1'4", P •• l. Ia I, o. , .... 

IP 4-14 ,".olld ... 1,utl.utl, 111c1l.~ .t:raw III oou.lltratl0. 

than otlaor Tarl.,te.. Iaoroui. la In.l. proIH •• l ... 1, 

eala_.. I. _ ••• rat lon, tlae lJlOnu. aBCbI fJta '2 t. 

60 pe~ •••• ft ••• u ooa •• dati.a Tal ••• o'.ornt weN 

16.7 ,,. i •• oatrol ... 22.1. 2'.9 ... 26.8 , ... tor i.Jlonulq 

1 ... 018 .t b. n •• taw I. a,tat. al.o 4Ut.rea .tp.lft ... "lr 
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4u. t. Tarletl •• &lid III 1 ••• 1.. __ III th. Tarle"l •• C. ,8 

wu a •• oolated with hicb •• t .traw III aptat. wJal1. 00 " ",. 

1.a.t. Ia ,.aeral III re.poa.1 •• yar1.t1 ••• 1I0_d ,reat.r 

nraw .ooWlu1atlo11 of ~a. 'fh ••• an .traw III uptat. raDI" 
fro. 0.2' to 1 .55 III/POt. 'fll. upt.t • .,..1 •• of 0.6 .. /pet 

ln oontrol laorea •• ct to 0.89 to 1.(Xl .. /pot .. a raau1t of 

In appll.atlo11 repre •• ntlac aa laorea •• of .0 t. 70 per o.at. 

Inore ... d .tr.w 71.14 .a1u •• 00.1I1u4 with .uao •• Za 

oon •• ntratloll aooouat.4 for aueh .DballO.ct aptat •• 

Tb. root III ooao.ntratlon &D4 uptake w.r. al •• 

lnflu.noect 1I7.arletle. aBd la f.rtill.atlo11. '1'11 •• 0 .... -

tratioll .arl.4 fro. '7 p'_ 1n 1b&'Y&Ill to 65 PPI 1a II 20. 

aP 4-14,00'9 a1'I4 '!lU.U 1'49' ".aill.4 o. par wltll 1120. 

'!1I. oon •• atrat10a of In rana.d frOll 47 to 58 PPI for t" 

41ff.reat I. 1.y.1. aDd th. 41.ff.rello •• w.re .1ID1fl.aDt. 

85 

00 '8, RF 4-14 aDd II 8 ",lnered lI1ch.r ro.t I •• "at. "MD. 

other.. App110atl0. of III oaua .. a '0 to 40 ,.1" •• at In." .... 

root In .ptat ... eo_pared to th. 00Dtro1. 

1'11. total uptake of Za .arl.d tre. 0.47 ,. 2." .. /pot. 

Iotll .arl.t1 •• aad la f.rtl11.~t1.n aoo ... '" for .~ll1tl."

Tarl.tloa 1a the total. III uptake. _oDl til. Tarlet1 •• 00 ,a, 
III I, Pomd aDd , • .m "493 noo:r4.d 1I1a ... r ,.tal u".Jre 
••• ,.ra" 1.,..17. III .pta_ inero ..... 1c1l1fl.&1l,,17 wltll .. title. 

ot Za t.~111 •• r., tll. Ulore ... HiDe •• re PrO""." at 



111,12.1' 1.T.l ot 111. n. total .pt.t • • t 0.99 .. ,pot 111 

•• atro1 In.h ... d to 1.4' to 1 .11 tIC/pot ........ t ot 

111 t.~lll •• tlon. 

J. (Jrowt12 .nd .1n.ral nutrltloa ot 1'10. U 

1Ilflu.n.d b1 .011 ooa! Itlou aD4 .1M 

t.rtl11 •• tloa 

!b. la r •• ponllT. 1'1 •• T.rlet, RP 4-14 val 'zoo ... 

56 

under rour .011 ooadltl0 •• Tl •• , Jlo~.l .011, •• loareoa. '011, 

loll .nrlo12ed wlth organl0 .. tt.r aa4 ."b1l.:rsed .oil. , • 

• ppll.d AI ZdO 4 ( 1 0 PlB ZIl) an4 Z1lD!. ( 0.5 taiba) wu 

._par.d with no la Coolltl'Ol) 111 .. oh or the 8110T ••• 11 

oo=ltlou. T'be _oro .= .10ro el .. entl matrltl0 ..... 11 

•• gr.in, .tr.w .nd root dr1 .atter ,leU AI IJt.tl"elloed ~,. 

the treat.ent. were .tudle4. !be bl01l.trl0 4.ta u4 the 

_ITt le.l 4at. of tbe .011 aDd plallt ... pl.. at tl11erl111 

aDd 'barY •• t Itag •• are pre.ented aa4 int.reno •• 4r&Wll are 

brlef11 1D41oated b.low. 

1. So11 awa1. 

!be ph 71 10 e-ohe.loal oharaot.rletl •• ot tb ••• 11 

... pl •• iaitially &Il4 at plantl. ... ,1Tea 111 '.bl •• XIII 

aDd XIIII re.pe.tlT.ly. 

!b. 1a1tlal .oil :repr ••• niac "11. 1&441 ."eai. 

8tatl0. (! • .AU. Oolll1»a1£or. 41.tr1et) po ••••• eeI .... ,. 10. 

t.sture witll a 010 Tal". 01 1 •• ' •• /100 ,. !he pJI .... 
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!DLB nIl. PllYlIOO-aDMIOJ.L OIUUO!BIlIS!IOS OJ II'I!UL SOu. ~ 

---~~~~-~---~----------~~-~~~-~-~--~--~-~---~-~-------~------_. 
Jl1"11t u.4 S •• oDd. ,_ua 

Partloulars of analy.i. tourtb .:1:- .zpers...llt 'XP'l'lII •• 
plr1ll811". 

~-----~~--~-~--~-------~---~~~-~---~-~~~~---~~-~~--~--~-~~-. 
MBOHAIrIOAL cCJlPosrr 101 

Ola, 20.26 19.46 , •• 2' 
S11t 14.40 1'.02 10.20 
:r1n. sand 46.50 44.64 '6.70 
00a1"lle .and 15.18 16.12 1'.64 
T.xtural ala •• Sall41 8a114, Ola,. 

lou 1 ... 10_ 
PHYSIOAL AID MOISfURI OOISTAJ!8 

Ap~arent density 1 .26 1 .24 1.'2 
Absolute d811s1t7 2 • .,2 2.26 2.42 
Pore .pace ,6.84 58.24 52.40 
Water bolding oapaoit7 52.00 5' .12 50.2' 

OHIMIOAL ABALYSIS 
10.8 011 ~itioD (%) 4.86 4.06 '.62 
:rree oaloium oarbonat. (~ ) 1.82 0.14 2.04 

Organio oariOD (") 0.68 0.50 0.'1 
Iron .x1d. (1'2 0,) (" ) 5.84 5.22 6.4' 

!low (~o,) (~) 8.02 7.88 9.20 

S1lioa (Si02 ) (~) 12.10 11 .84 ".4' 
L1.. (OaO) (~) 1.86 0.42 2.10 

RaDgne.1a (MeO) ('f) 0.72 0.12 0.'1 
Total potu)l (~O) (") 0.52 0.49 0.1' 
Total pho.phori. aoid (P205 H") 0.06 0.06 0.05 
Total Maaiaaa •• (ppa) 400.00 ,62.00 2'4.00 

Total oopp.r (p~) 29.00 42.00 42.00 

Total nitrogen (") 0.12 0.10 0.01 

Total ZlllO (p~) 125.00 85.00 175.00 

(Oom! .. ,,) 



fna :nIl. (OOftIWD) 

Firlt aDd a •• oDd 'blr4 
fourtb .x- esperill.Dt experl.eat 
periaentl 

.A.T.lILULE PLAIT IU!RIEII'.rS 
.A.~allable altrogen (I) (ppa) 64 58 42 
ATallable pbolphorul (P) (PPI) 8.1 6.? 3 .2 
ATal1altle potullW1 (I) (ppa) 258 214 146 
ATallable oalolu. (exob+water 
loluble) (pJa) 1828 712 2440 
ATalla'le magn •• lua 
(exob+water soluble) (ppa) 616 740 1110 
A~al1abl. lron (PPl) 5.4 9.2 4.6 
A~al1abl. ma:llgan... (pp.) 4.6 '.4 ,.8 
~~al1abl. oopper (ppa) 1 .2 , .2 1.8 
.1Tallabl. .iuo (ppa) 0.8 1 .2 0.6 

CA!IOK BIOB.lJGB PROPER!IIS 
OatloD exohaac. eapaolty 

( •• /100&) 18.60 17.42 28.62 

Ezeb_.a\le oalolu.a (a./1 00,) 9.06 9.24 12.40 
ExobaDe.abl. a&lD.llua (a./1 00,) 6.76 5.82 8.7' 
BxobaQgeabl. potalllu.a (11./100, ) 0.52 0.54 0.11 
lXohaDIeabl. lodiua ( •• /100, ) 1.29 1 .00 6.72 

O!REt PROPEI.T IliS 
pH (112 ) 7.70 7.20 8.95 
:so (1 12) (. abol/aa) 0.62 0.42 0.42 



of the aoil are 7.7 aat 0.62 a aho./OII r •• peoti",e17 &lid we" 
thu. witbill lloNa1 11llita for plallt 11"Owth. Tit. a.il. 

oomailled 64. 8 aM 258 p,. ot aTailabl. :r, P aIl4 I aa4 lIello • 

• a1 be oOll8id.r.d aa low ill •• ediu. ill P &D4 hisb ia E a. 

per tbe oODYent10D&l. .011 t •• tillg rat i •• adoptee! i. ! .. 11 

.ad.. With re.p.ot to aioronutriellt el ••• nta, Vbl1e 

a.,.ailabl. 1'" MIl and Ou w.r •• uffioi.lltll abo .... tit. orit1.al 

1 ..... 18, tb. a ... ailabll ZIl waa 1.2 PPI whioh .a7 'b. oouid.rea 

a. bord.rllD.e. 

fh •• oil ... pl •• 0011.ot.4 at plalltinc aftlr allovtaa 

tb. aoil to .qu11ibr.te w1th tr.at •• ata iapo." (Tabl. XXIII) 

rn •• l.a thl ideal .xperill.ntal oolld it io.. • Th. pH of the 

.oil illerea.e. tro. 8.' to 8.5 111 treauellt. w1tiolt reoel"," 

OaOo,. Th. &44.4 ol"lanio lI.tter ad •• b.elW.no. t.D4 .. t. 

d.or •••• the pH. Th. EO ",ari.d fro- 0.46 to 0.70 •• ho./OII 

and .u).'1"Ied aol1 abo,," a alilltt lur .... ill Be ",alll,. 

Th •• uioh.'llt of aoil with orsanio .att.r 0'bYl011.17 oau .... 

a .llbnantial inoreaa. in orlanl0 oarb.a ooat.at. Til. 

41tf.rellt tr.at •• llta alao brought aboRt 41ft.r.ao •• 1Jl til • 

• tatu. ot a",allabl. llutri.llt.. Whl1. oaloareou ••• 11 .ell4ee1 

to 4.pre •• tb. a",al1abilit1 ot P, Me, I., MIl aD1l la, th.N 

89 

va •• oano •• Oa oODo.lltratio.. Whil. th.re waa .. appre.la'le 

41ft.reDOI b.tn •• lloNal aDd ••• Irs" .011 1a re.,e ... • t 

• P It the a. __ ersea .011 temd.a to iaer.a •• ~ .... Ma 

.oao.atratioa aBA deerea .. I. ooao •• trati.a. Th ... " .ui •••• 



ot tbe .oil vitb oqaD1o matter eau.e. an euanoed Za 

a?ailabl1ity while tbe su __ erg.no. t.Dd •• to d.pre •• it. 

Tb •• oil ... ple. eoll.oted at tilleri81 ph ... 

91 

(Table XXIV) reTealed BO appreoiable obuee in pH a. oo.par" 

to tho •• 0011eoted at pletiDg. Tbe oaloareou. so11 001l.4itl0. 

reoorded a •• an pH ?alu. ot 8., a. oo.pared to .tber •• 11 

oonditiollll, where tbe pH rueed tro. 7.1 to 7.7. All treat

ments teade. to regi.ter .ligbtly inorea.e. Talue. of EO 

O?er initial soil, tbe ett.ot va •• ore pronoullO" 'IlD4.r orgu,10 

matter enriched and .unersed soil couitiou. Bow..,.r, "h. 

Talue r •• ained well within tbe normal range tor plant erewtb. 

Tbe initial EO Talue ot 0.62 .~o./GI aDd 0.46 to 0.70 .. ho./ .. 

at tilleriDg illOrea •• d to 0.60 to 0.92 at ban. lit • Tbe ."at •• 

ot aTailable N, P and K va. more 4urins tilleriDS tor all •• 11 

oon41tiona. Tbe inorea.e in aTailabl. P in ealoareoua .011 

was not pronounoed •• ob.ened in otbera. The .oil .uiobet 

vitb oraanio .a""er oontiJlLled to malntain oomparati..,.17 bigh.r 

.. ount. ot nutrient.. fbl. tr .. tm.Bt alo. vi"l1 .u".ZC.cl .011 

r.gi.t.red better W, P aDd X .tatu. tban Do~al aDd .. loareo~ • 

• oil. Tbe oal.are.u. soil teDded to oau •• furtb.r 1 .... a .. 

ln Oa oonoentratioD. Soil .nriohed vith ore-10 _t".r .ho,," 

oomparatiT.ll more aTailable Me than otber.. .Apart trcMI 

.aloareoua aoil other soil ooDditlona ..,1 •• , oZlaaio •• "".r 

enriohed al'l4 ••• erse4 8011 al .. oau •• ,reat.r Ca Hno.at

ratio. a. oompared to .. ~al .oi1. I. r.a"n ot .u"_"rl •• ". 
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...... '-/' 

th.re w.. a proUDO.el aad .arke4 l11orea.. la a.allaltle '" 

lim and Ou lrr •• peoti.e of the .011 ooD4itiou. th •• ff.ot 

It.i~ l.a.t ill oaloar.O~1 10il aDd h1gh i. lub.'ZSe4 1011. 

III Ilormal .oil a~ailable Za inGr.a •• d ••• ll i. oontral. the 

inor.a •• being more prollOUllO.d in ZnSO.. In .aloareo~ •• oil 

tb. aTailabl. Zn val found to b. 1... tbaa 1 p,. ln th. 

ab •• no. of add.d Zn whl1. Zn applioatlon ill .ith.r fo~ 

oou14 oaue thr •• to four fold .UUD ed III ..,al1&b11it,.. 
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In the .oil enrlohed with orgaDio aatter there was ae appr •• l

able oharage 1. the .tatu. of a~alla_l. la &ftel tll i. watI ift • 

•• en for control.. UDd.r lu'blle1'KecI loll 00l'l41 ti •• tb. poor 

a.al1ability of ZIl .. obl,ned at plantl. oOlltlu.el to , • 

• 0 in the ab.ence of added Zn. Th. oonoentratioa •• atlalleel 

to b. le •• than the orltioal l •• el.. la t.rtl1l.atloB 1a 

.ither tora partloularly ZJI.ED!A r •• ulte4 ia .oanoed Za 

oODOentratioJl aDd the 1norea.e WI tbre. to tJ. •• to14. 

Tbe anal,.l. of the po.t barY •• t .011 ... pla. (!abl. 

In') iJldloated that tbe pH of tb •• 011 r.al_4 .ore Or 1 ••• 

tb •••• a. ob.e"ect at tillerlDe .t •• w1l11. Be .alu .. 

•• orea •• 4 .11cbt11 aDd.r all loil 001l41tl.... !b •• tatu. 

of .. &11&bl. I. P aacl I 4.ore ... 4 1a all treat •• at.. !b.Z' • 

.... DO .aruct .Iumc. 11l tb •• olloentratloa of Oa aDd Me. !1Ht 

.. a11&lt111t1 ot I •• MIl aBIl oa cl.ona." ark .. l, &lid til • 

• 1IaJII'. protuo .. 1. a •• lla_1. I ..... ut a,preola)l.. '11. 
&441"1 •• ot III '."1111.1'1 to .al.an_ .... ".'1'&" .. 11 
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·alatai •• a h18her la ayal1a..,111t, tlaa ooatrol ..... a at "la. 
harY •• t .t ••. 

2. Dry .att.r #.14 aDd l1u;rlt10' at tl11,rl. "M' 
Tb. bloll.trio 4ata Oil 4r, utt.r 71.14, oO •• l1tratl.a 

&lid llptat. of l1utri.l1t. iD41y14uall, ... , .laoot a. root a .. 

till.rlne .tac. of the orop art fIlrai.la •• 11l 'aile UTI. 

fh. 1I.an .laoot dry lIatt.r 71.1d wa. '.40, 2.60, ,.60 

and 2.90 ,/pet r •• p.Gtiy.lf for 1l0Nal .. loar.oll., o!'l_l • 

• att.r .nriobed alld .uba.rg.d .oi1 r •• peotiy.l,. Th ..... 

root dry -tt.r yi.14 reoord'" w.n 1.50, 0.95, 1 .50 .... 

1.20,/pot r •• p.otly.lf for the ."'oy. '011 ooD41tlona. Tlaaa • 

• aloareou ••• il and .ub.'11.4 .oi1 .laowed QoaparatlY.~ 

r.4u •• 4 growth a. GOllpared to the oth.r two .oil o.~itl ... . 

In .pplloatlo1l in .ither fors .bow.d 14 p.r o.nt laare .. .. 

• hoot and 20 per o.nt lnon •• ed root dZ'7 •• tt.r 71.14. 

Th •• 001lt.Dt of .hoot va. th. hilh •• t la a.~al .011 

9.1 

w'.b 11. that relat 1. to ,u-'reed .011 ,0I1talll14 tb. 1..... • 

oono.ntratioa. Th •• oonoelltratloa of tit. re.t " ..... para .. l •• 17 

high ln organio lIatter .nrioh.4 '011. ZIl t."111 •• 'l,. altO¥l4 

ao appreol.bl. lD11u.DO. on I ooao.atratloa ot 'otla .la ....... 

root. Th. upt.k. ot I refi •• tea the tZ'.1I4 .t 41"7 .d".Z' 71.14. 

a.loar.'u, .011 a.4 •• ~.~.4 .011 .~o".4 ... ,aratl •• 1, 1 ... 

• uptak.. 'a t.rll1iaatl.a t.ad .. to laonu. "la ••• "a •• 

!b.ro .... DO apprM1&'l. 41ft."... 1a 1 .. at.. .f .IIIM" ... 
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root 4 •• to tnat.lnt .tt.ot.. !h •• 011 .arl.lIed wlth oZSaal. 

a.tt.r r.oorded 'lb. b1ch.at and oaloareou ••• 11 .howed tit. 

l ... t uptake yalu... !b. I O1:rltloll va. toUd t. 'b. lDtl •• u" 
"'1 tr.at.lnt.. Cono.ntration aDd IIp'ak. ot tb •• 1 •• nt '1 ahoo" 

va. 1:b. l ... t 11l oaloareou ... 11. Bowy.r root .bowee! bJ.alt.r 

oOllo.ntration ot I but not uptat. In oal.ar.o •••• 11. ~aal. 

aatt.r .nr10b.d loil and added Zn t.rtil1 •• r. r.oozt ..... -

paratiy.l,. higb.r llptat., perau.abl,. due to Inore .... 4r7 

- tt II' 71114. 

Re,ar41ng Oa nutrltion normal .oil .hoWl4 00.,.1'.'1 •• 17 

1 •••• boot Oa oono.ntrat1oD but Dot root oOll0.ntrat10a .t 'lb • 

• la.at. III t."111 •• r t.nded to luano. the O. eont •• , of 

.hoot but not tb. root. Thl oraa1d.o •• 1:t.r .arloheel aoil 

aDd applloatlon of Zn In 111:her tOrtl reoord.d highlr _ptaa 

tban otb.r.. Both oonolntratlon and aptat. ot .,. 11l .heo" 

.... oo.paratiYll,. 1 ••• ill oaloarlou •• 0U. 'l'b. root. of 
~ 

JlOl'llal .011 oontalned a 1'.1.1:11'11,. b1cbt.. 00 JlOlnt ra, iOJl tb .. 

otb.ra. In iertl1i.ation t.aded '0 .11cbt17 lure ••• tb • 

• boot "' oODO'Dtratioll but DOt rooi olno .. trati.B It 'hI 
, \ 

/ .l •••• t. l!1I. D';V~;ult -i) 6&loUlo ••• 011 aDd ...... a •• ot 

In d4i tion .bowe4 II ill» 1lplak. •• ao.pared to .'11.1' 'n.1 ••• t •• 

loot. 00lltalDe4 .ix '0 '1cbtto14 luanoed P. • •• -

l.nir.tioD • 0 .. pare4 to .11001: Udlr all .oil •• 114111 ... . 

!b •• :boot u4 root r.1at l 111 '0 o1'l.nio .. ,t'.r luiola .... 11 



"oord •• r.latiT.17 lower P. oODO.ntratioa thaa .th.ra_ Sa 

tortililatioD 1. oithor to~ toD4.d to d.or •••• tho •••••• -

tratiOD ot ,. 'both ia root aDd Ihoot. au •• !'Ie4 loll 1110'" 

tho '1Iholt Iboot Po oono.Dtratioa. Oalo.r.oul loll ... 

oreaDio tIIattor ol1rioho. loil rooordod rolatlT.l, lowor aptat. 

tb.D tho otbor loil oomditioal. ZJl tortl1ilati •• t.D404 to 

/ .ligbtly deorealo tbe total '0 "ptake. T~o MIl .1111riti •• \2.J 
Ibow.d tho .boot to Qontain higbor MD. oOM_tratioa ooa"rar7 

to wbat va. ob.enod tor 10. Shoot aDd root ~olatiDi to) ~ 

lu'blI'l'I04 loil contained ootllparatiTe17 h1gber oODO.atratto. 

Ino 

ot tbo olo.ont. Zn tortililatioD partioullr17 1aED!! toDd •• 

to roduoe tbe oonoentration ot tbe el.ont alld tbi. 1fU 

part1.ularly proDouno.d in the root. Oal •• roou. loll r.oordecl 

tbo l ... t total al well al in4iTU".l uptato ot tbo ol.od. 

Th •• ou. OIl oonoontrat ion ot .hoot Tario. tro. 24 to 27 .... 

tbat in root raDIo. tro. '5 to 57. Oaloar.oul loil ... I.~-

.ora •• loll reoord •• lell root Ou oonooDiratioJl th ... "]I.ra. 

!pplioation at Zn al znSO. rooord •• b1cb root o. ooao •• tratiea 

wbl1. tboro WI no appreoiable dittor.DO. 11l .boot Ota 0 •• -

oontr.tioft. Tbo uptake at the olo •• at WU oo.parati'YolJ 

1 •• 1 i. oalQaroo"l aDd lu'-ers.. loil thaa oth.r two .oi1 

•• 1241tiou. Total v.ptako torad. to 111chtl, 180ft ... dv.. t. 

ad ••• In t.rtill.ora. 

!'be oo.ontratto • • t la 1 •• 1I00t _ reo' "1.111 .. 

to .al.areoul loll Wal .0.,aratlT.l,. t]l. lo .. t. z ......... -
ratt •• • t Ibo.t 11l 1"' •• 110. loll wu &1 .. 10", )1111 "n 



". . ,1 (J] 

in tbi •• oil o.D4ition oontailled pb.Il ... u.l17 "'1&- , •• 0'.""t10. 

of th •• 1.II.nt. Tb. total aa4 1D111.,.1dul uptake of t .... 01.0" 

by .hoot an4 root wa. r,1&t i.,.,17 1 ••• 1. oal.areou •• 011, "'11. 

tb.r. was not .uob ditter.no ... oDC otb.r .011 ooD41tlo ... 

In f.rt11i •• tio. aooounted for appreoia)l. iaproT ... llt 1& 

total a. w.ll .. indi.,.idual uptake by .boot &ad root. 

:5. Dry aatt.r lield at ban •• t 

Total dry _tt.r yi.ld al w.ll • lD41Tidual dr7 •• tt01" 

71e1d of grain, straw and root r.oord.d for ... h of tll. tre."

lI.nt. are pr.lent.d in Tabl. XIYII a10DC wit'" tb, re •• lt. of 

.tatiltioal ana17li •• 

a. fotal da matt.r 71,ld 

!b. total dry aatt.r yi.14 diff.red .1pifiou:t17 duo 

to diff.r.noe. in loil ooDditions .a w.ll .. ZIl t.rtilia.tio •• 

Soil .nriobed witb organio rlatt.r prOduoed a .J&llitioant17 

bigh.r •• aD dry .atter yi.ld ot 18.' a/POt AI .. aiut 1'.9 I 

tor .u~ersed 1011, 1'.5 g for normal aoil a.d 12.' I tor 

oaloareoul loi1. Tbe latter tbre. re •• 1D.d Oil p~. In 

t.rt ilil.t iOll in 'botb f01"l. w.re Oil par &114 re,l.t.ro4 .... 

dry aatt.r 1i.1d of 1'.5 aIld 1'.9 I/pot aD4 wn atlperlor 

to oontrol. Tbil repre •• nted 5 to 11 p.r o.nt laon ••• 01 

to".l dry aatt.r GT.r oontrol. !1I. illt.rut10n .tt.ot .. 

al.o ob •• "- to b •• ic1l1taa.Jrt. Wb11. tllo 1 .. " ... 1a 4FI 
.. tt.r 1i.14 da. to Zn t.rtl111.tl •• 1. unal &114 oZSaa1.e 
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.atter enriob" loi1 val not appNoi_le. tbere v .. preuau" 

11Ipro.,e.ent to tbe ertel'lt ot 11 to f' per oeat 11l oaloare.1l8 

loil aDd 12 to 28 per oent ill IU •• l'led .oill. Vbile Z. 

applioation in either to~ produoed 11.1lar ette.t 1. 

oaloanoul loll, the ohelated fo~ in I".e!'led loll proy" 

to 'be 'better a, it reoorded further baprOY .. ellt 11l total 41'7 

matter 7ield arer ZIlSO •• 

b. Graia lieU 

Soil enriobea witb 0~anl0 .atter Ibowed 11ID1tl.a" 

and substantial i.proyement il'l graia 71e14 OYer all ot,.r 

loll oondit iOll8 • Th. abo"'e treatmeJ1t reoorded laorea ... 

,raill 11e14 raging fro •• 0 to 50 per oeDt al o_par" t. 

other treataentl. Th. Dlere applio&tl0. of lreell lea.,.e. ,. 

raile th. inltial organio .atter ooateat ot tbe .011 to a'bollt 

2 per oent relulted 11'1 phel1~.na1 .Dbanoed ,rai. 71e14. ". 

pr •• elloe of 6 per o.nt OaOO, aDd a110 IrowlDg rl.e aDder 

oontinuoul lu'b.ergenoe pro4uoe4 DO appr.aiable .,.arlatl •• 1. 

the gra1. 7i.1d .,a1uel a. oompared to Boraa1 1011. 'be .... 

PUll 11.1d reoorde. were •• 5 ••• 2, f •• aDd •• 6 ,/.,." 

relpeo"1"e11 tor Boraa1, oaloar.oul, .~anl •• atter .arl.h •• 

aDd la_ergea 8011 r'.Plo"Cl",.17. In appl10atl •• In.lpenl.,. 

ot tb. a ••• aDd fora e.pl01ed broUSht a'bout a lila1fl.aat 

iIlor.ale (18 per oent) In Ira111 71e14 O'f'er ••• t"l. B.vn.r, 

tbl, etf.ot of III val toUDA to ae,.Dd 0. '011 •• ll41tl .... 

ApplioatloB of la la bo"b fora. v.r ••• , .. .,.aat .... Il. ta 



IlONal aDd organl. matter earloll" 8011. .l .tcaUlea. 

iIIproT ... nt in 71.14 to tb •• n.nt of 42 to 44 p.r .... _. 

o ••• ~.d ln oaloareoul &Dd ."_.'zae4 .011 - ln -'t~ 0 ••• 1, 

bot~ toml were on par. It .ay 'b. ad4.4 t~at the 011.1." .. 

f01'll of Zn wb loh brought about lubltantial 1.Pl'OT_.JIt iJl 

total tir7 matt.r yl.l4 ill IU".rg84 loll lIad aot oOlltrllt1l'''' 

appr.oiably 1n graln y1.14. 

o. Stray y1.14 

'rb, m.an Itraw yl.1d Talu •• dlff.red 11c1l1fio .. t1:r 

etu. to both the maln ,ft.otl. Orsanl0 •• tter •• riob.et loll 

nd growing of the orop un4.r oontluo"l lult.'l:'S.ao. re,ln.re4 

high.r .traw yl.1d than tb. otber tw loll 00Ja41tleu_ !1I. 

iaor.u. ranged fro. 18 per o.nt in 8un,q" loll to 29 

per o.nt for tb. oth.r oal. al ao.par.d to RONal IOU. 

Oaloar.eul loll tend,4 to 4.pr.l. 11iglttly 'but Rot I!cU

flontl,. the Itraw ,.1.14 O'Y.r nOl'Ulal 1011. Wbl1. ZllS04 broUC""' 

a1»out JlO lIIproT ••• nt in Itra. 71.14. tb. d.tlalt. MTantac' 

of Z'IlEDT'" wal re'Y.al.4. Th. a'boT, tr.atll •• t reeon •• 1, ,.~ 

o.Dt lnor.al •• Itraw y1.1d OT.r the otb.r twe. 

". , •• t dry lI.t'.r li'lI 

Th ••• an root dr7 matt.r 71.14 Taried 4". to •• 11 

ooll41tlou. Th. loll .ulob.d wlth orluio matt.r reoort •• 

• tca1fio.nt17 hieb.r root dry a.tt.r ,.i.14 of ,., I/po", .. 

• _par.4 to 2.4 to 2.6 I/pot 1Jt oth.ra. !)aUI it va ••••• rr .. 



that the 'D.netl.al .ttMt ot acta.d oZS .. l •• att.r ,,-.114 .. 

to root gro"'h a. wll. 'rb •• eu. dr:r .atter :rleld .~ 1'0" 
'Yarl.4 wlthl. y.r:r emall It.itl du. to I. &441ilo •• 

•• Obatt 4rx .att.r n.14 

In tUll, with the .o.no.ct iotal &ad lrala c1l"7 •• t.r 

fl.ld th. ohatt w.1gllt wu hieh.r 1. ore .. l •• att.r .ul.lI_ 

.011 and •• -.ersoct loll a. oo.pared to .o~al aa4 oal.areoa • 

• 011. A oon.lel.ratlon of the iDt.r.otioa etteot r~.al" 

tb. Degatiye lllfluenoo ot Zn In the pr ••• lIO. ot lidded oZS .. l • 

•• tter. vb 11, UllCler lIub.ergec1 OOM ttlonll tla.,. proye4 .xtr •• l, 

u •• lU1 ln reCluoiDg the ohatt w.ight. 

t. Cha,t Rlo.nty. 

!be peroentego ot ohatt oaloulate4 Oil grai. -!ell" 

b .. i. d itt.red .1gnitloant1y Cluo to ".1 ••• well a. lnt.r

aotion .tt.ot.. Among tlle 8011 ooJlC11tlol1ll .\1ln1o~e4 loll 

r.gl.t.r.d the high •• t whlle loll plu. organl ••• tt.r tb. 

l ... t oh.tt pero.llt,... 'rhe .pplloatioll ot Za 1. )otlt to ... 

reduoed th. obatt peroentage. 'rbe ll1teraction •• au, )towner. 

r .... 1.4 illl. _.l1otl01.l ett.ot to - •• ore proBOUIlOe4 aad.r 

.ulMIe:rg.d .011 o.ndltion. wher. 10 to 14 per •• at 1"04uo-.l0. 

1. ob~t wight va. ob •• ~ed. 

4. 2!M'R1n'10. !!4 ,nat, 0' e'ElI.S, as 'an.n 
'!b. 001100ntratl0. aa4 uptake ot utrle..-. 1Jdly14.aU, 

lt1 1:raiI1, atr •• aad root .act tb. 0 .. ",'04 t.S.l .pt. .. 



1n:t1uenoed 1»1 loi1 oonditionl &lid Za tenl11.at10. are pr.
.ent.4 i. Tab1el XITIII to XIXII. The .tati."ioal ~eter8 

tor oOllparilon of .Ia. are all. 1Ild ioat ... 

a. Bitro,.n (T_1»l. XIfIII) 

The lI.U I oonoentration of ,raill raDle4 fr_ 1 .'1 ". 

1.79 per o.nt. Wbi1. loil oOnditio .. predu •• d 'Yer71i1;"1. 

4itt.renoe i. oonolntratioa, Zn app11oat10n 1»ot~ i. ore .. 1. 

and ino:rganio form inor.al" I oont.nt .ignit1oaat17, .. ,," 

01117 m&!'lina11J (6.1 per oent). Th. 11101'8'" w .. aor' Pl'O

.ou.aced in 1l01'llal aa4 lubtlerge. loi1 ooDlition.. S011 .u1oJ1 •• 

with org.aio .atter •• en without 1U17 &44.4 ZIl reoord ••• 

oonoelltration Oil par with add.d 1".1.. 'lb. lIptake ot • '1 

,raill 41tt.red lip1tioant17 tor 1»oib th. lIaill aad iat.raotioll 

etteot.. -OllB tb. loi1 oonditiolll tb. ab.olut. ''I1p.rloritl 

ot ol'l&:l1io .att.r .ariobed 80i1 wa. w.l1 re'Y.al... AU oth.r 

.oil ooD4itionl were on par. Zn addition i •• itb.r tora 

.ontribllt •• to greater uptake. Th. illt.r&otiol1 .1'1' .... rft'.ale4 

"b. b ••• tioial .ft.ot ot ZIl additioll 01l1, ill re.,.ot ot 

oal.areoul and lub •• rg" 80i1. In 1;h. ab •• DCe of &Ill ad4" 

In, it il oaloareou8 and Iu..erced loll wllio1l .".tt.nt •• " 

ill relpeot of J Ilutrition. The •• u ,raill I aptake tor 

aoraal, oa1o_reOlll, loil enriohe. with orcani •• att.r ... 

•• "'21.4 .oi1. weI" 76, 69. 11' IIId 78 tIC/pot "."n1 •• l7. 

fit ••• an • aptate tor ZIl 1_el1 w." '71, 91 Ul4 89 .. /pot 

ter oOIl"zol, 1a80
4 

an4 oh.lat .. ZIl 1' •• ,..-.i •• l,_ 
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80il oo .. itioa •• !cait1.antly 1nt1u •• o.4 .tra. _ 

oOJlo.ntrat1oJl. SIl'bll.rce4 .011 aa4 or, .. l. utter euio"" 

.011 resl.t.nd muoh Inat.r :I ooao.atratioa tb .. til. otlle 

two soll oonditloM. !h. II.U I oonoeJlt:ratl .... &lu •• tor 

the tom.r two aoll ooB41tlolla w.n 1.14 all4 1.11 per •• at 

lOR 

u ~alD8t 0.67 an4 0.74 per o.nt tor the oth.r two. b 

applloatlon t.nded to lnor .... atraw • oOllo.Jltratio •• aralu.117 

it not slgnitloantly aDd th. .tt •• t ... aore .art.d la 

oaloanous and aultmeZ'S.d .oila. The !I.u. • o.l1t.at o_ .. rYe4 

w.re 0.84 per .ent tor control, 0.99 per oeat tor ZDB04 &D4 

0.93 per oent tor ZllEDT.l. The a'boye cOlloeatratioa 41ttereaoe. 

oo.bin.d witb atraw yield .. ariation. aooounted tor .11.1-

tloantly higher .traw If uptate 1t1 tbe .oil whio»> re •• l .... 

organio .atter. .An uptake 'Yalu. ot 92 II./pet was o'b •• net a. 

qainlt 44 to 79 tor others. Th. lI.an .tra. I' uptake tor In 

1 .... 1. were 63 mg/pot ln oontrol, 61 tor laB04 aad " tor 

ZIlEDrA and thull straw I llptak •• u not alt.re4 to any _ric" 

.n.nt 'by Zn applloatlo11. 

The oontent ot I 1. root .. arie • .troll 0.91 '0 1." 
per oent. Th. ad4.4 organio .att.r t_oured a I"a'er reo" 

I ooaoel1tratl0.. 1'h •• tt.ot ot I. le .. el. on reot - 0 ..... -

ratio. aDd uptake wu nOB 81piti.ant. Th. lUN .... roM 

• oonoeJl'traiioa ooupl.d wlth eDan.4 dr1 _tter 71e14 el 

root. 0,"10u81, re.ulted 1. "lIIII1, A •• 'U .. ot tile ".,. ... 



the other IB atraw P ooBoeBtratloJl. The trellll ._eerYecI ... 

eub.erged eol1 > organic .atter added eoil> Jlonu e.ll > 

110 

oaloareoue eol1. ZB fertl1leatloJl produoed DO differential 

oo:noentratloJl of P in .traw. 'fhe .eu yalllee were 0." aDd 

0." per oeut for ZB adeled treatTIeBt. a. acalut 0." pel' 

oent In oontrol. Th. uptake of the el.ent dlttered due t. 

both the maln taotor.. So11 enrlched wlth o~anl •• atte~ 

and BUD_erged so11 with .ean u~a __ yalues ".4 and 12.8 

III/pot regi.tered higher uptake than nOl'llal aad oaloar.oue 

.oil wbloh stood on par "ona themsel.,. •• wlth .ean aptat • 

.,.alu.s ot 7.7 and 6.4 ~/pot. Appl10atlon of ZnED!A .bowel 

createI' uptake .,.alue of 12.4 Jig/pot o.,.er ZnS04 and ooDtro1 

whiob re.alned on par with uptake .,.alu •• ot 8.8 an4 9.0 .. /,ot. 

Tb e oonoentrat 1011 of P In tb e root ranged tro. 0.09 to 

0.15 per oent and waa found to be not lntluelloed -7 the treat

.ent. studled. Tbe dlfferentlal dr,. .atter ,.l.U oom:l'iltut" 

to s1ln1f10&nt diftereDoe. in uptake. EDrlohaeat of tbe .011 

witb ol'(Canio .atter .howed an aptake of 5.4 III/POt a ... al ... t 

2.7 to ,.0 _g/pot In re.p.ot of other •• 11 ooD41tloae. !b. 

P uptake DY root w .. not slgnlfloantl,. eBbanoect 'I Zn treat •• at. 

Tbe .ean total P uptake yarled tro. 22.4 q to 42.6 

III /pot • The 1101'IIal aDd oaloareoue so11 reoo:r4ed e1lJl1tloaatly 

lower llptake a. co.pared to eu •• r,ed eol1 and OZlalllo _tter 

enriobed so11. In appl10atloa ia elther to~ had .. ei(a1-

tioaDt etfe.t Oft total P uptake. 



0 .. P.'a.,iwa (!able UIX) 

Wh1le the oonoentrat1on ot I: ia the poaia ... an 

1nflu.noed b7 treatment .tt.ot., the 4rr •• tt.r 71.14 ... ari

at10na aooounted tor the 'ign1tioant 41tter.no •• 1. _"ak •. 
JaOJlg .011 aODditiou,. aoil enriohed witb or,allio _tt.r 

.howed an uptake ot 49 ag/pot aa aaaiut 27 to '1 .. /po-. 

111 

ob.erY.4 in othen. Applicat10n ot Zn 1. eltb.r tOft lD.r ... .. 

the upt.ke and this va. more p1"OnOuDo." la ZJlED'.fA. Tile .. .. 

uptake ... alue. were '7, 46 and 52 ag/pot r •• peGt1.,.lr t.r •• 

In. ZnSO 4 and ZnlmA tre.tment. 

The oonoentration ot I 1n .traw d1tt.r ••• iga1f10 .. t17 

4u. to both .oil taotor aDd Zn app11oat1oJl. Bar10h •• at of 

the .011 with Ol'Sanio •• tter o&U.a." a proaollno.4 1n ...... 1& 

.traw I oonoentration, whi1. o.loar.ou •• oi1 .ien1iio.at17 

4.01" •• '." it a. oo.pared to other two .011 ooDd it 1... .. !It • 

•• an .traw I: oono.Dtration waf 0.82,0.69,1.24 aa4 0.86 for 

ao~al. oaloar.oua, 8011 earioh.d with 0Z'l .. 1 •• att.r &DI 

.1l_erg.4 .011 respeot1.,.lr. Appli_t10Jl ot ZDEm. 'PORret 

a hieblr I oontent thall znSO. aru1 ooatrol. !lI ••• u I .. a-

0.Dtrat10Jl .,alul. w.re 0.96, 0.88 &D4 0.86 per o.at r •• peo"1 .... 17 

1. the order •• ntion.d. The I ."aka 1»7 Itraw aitt.r" 'ilIl1-

li.ut1, aru1 the trend of o.Do.atrati •• wa. rep.at.a iJl .". 

a. w.l1. !h ••• an P apt.k. work ... at to 101.8 _/pot tor 

.oil tr.at •• witb oreanio .att.r, '2.7 III lor DOnal '011, 

41.0" tor oaloar.ou. eol1 and 60.1 ., tor ..... rc .. '011. 
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ll:l 

While 1IlEm.l treat.eDt .howed an aptaa ot 7 •• 2 l8I/pot the 

etber two Zn le".l. reoorc1ed all uptake of 58.5 aad ".0 .. /pot. 

The .ignitloantl, le •• root I ooaoeatratioa olt •• net 

.ay be attributed to tbe oaloareou. nature of tbe loil. !he 

root x: uptake W&I bigh •• t qaill in orgeio .. tter enri.he. 

loil. Th. addition or otb.rwile of Zn .ade no appreoia'le 

dltterenoe 111 root I( 001'lOelltratlOD whlob raced tre- 0.59 ". 

0.6' per oent. 

The .ean total I( uptake 'Yarl.d trOll 79 i •• al.areolll 

8011 to 176 ~g/pot ln 1011 enrlohed with ora .. l0 .atter. "e 

1l01'lla1 aDd aubmerg.d 10118 reoor4.4 uptake ot 108 au 97 .. /pot 

and were on par. The dltterenoe. ln llptake .ll. to tbe pr.I ••• 

and ab •• noe of Zn va. non 11gnl.tloant. ZnEl!.l Ihowe4 All .,.alr. 

ot 1'2 tI,/pot a. oapared to 109 'III/pot In InSO. aDd 104 111/,." 

111 oent 1'01 • 

4. Calolu.1 (Tabl. XIIX) 

Th. gralll Oa oontent 'Yarle4 troll 0.5. to 0.75 per .e.t 

aB4 treat.ellt ditfereno •• were 1l0a-I1gDltlo&Jlt. 1'be ... .,.aD, 

)low .. er, dltt.red .1gnltloantly oa aOOGant of •• 11 ooD41tio .. 

.. well .. III f.rtililatlon. Soil treated with orlanio .ait.a

reool'd.4 an uptake ot 28 .,/pot .... aiut aenat .. l.ue .... 

aDd .ub.US ••• 011. reooNl111 22, 21 &JUl 2' .. /pot. b. 

appltoatioa 414 aot 1Dtlu.ao. ,raiD oa ."ak •• 



straw Oa oont.nt rang" fro. 0." to 0.66 per •••• 

Oaloareoua a011 and aol1 onrlob.d with o~&Dl •• att.r t.a4e4 

to O&uao gr.ator .traw Oa oOlloontratloa. III .dlt10D. 414 

114 

not 1nfiu.no. the Itraw Oa oont.at. The .oan Oa uptake _. 

ob.ened to 'be 56 me/pot in loil .nriobod wltll ol'lul •• attor 

al e.galMt '6 to 4' .,/pot .blenod in otb.rl. Whl10 ...... rol 

rogiltered an uptake ot '6 ./pot ZII addod treat •• ntl III 0 wed 

uptake ~aluel ot 45 and 4811B/pot. 

Rootl abow.d Oa oono.atration ~aluol rauc1Dg troa 

1 .'2 to 1.70 per o.nt and dltt.r.nt treatm.ntl 1.poI" pre4u." 

no variation. Tbe dry aatt.r 71e14 ~ariat101l oaale4 .... D_" 
Oa uptake ill ozaanio aatt.r .nr1ob.d 1011 aM III appli.d 

treataent •• 

!rbe .. ean total Oa uptake for tbo Ilo~al, oal.azreolll, 

orgaa10 aatt.r enriobed and au1l.ore.d loll ooD41tlo .. worked 

to 1", 100, 98 and 93 lIg/pot r.lpeotl~el:r. In tb. a_I ••• 

ot In additioll tbe .ean uptake wu ob •• ".4 to be 95 III/POt 

&I oo.par.e! to botb toral ot III r.,ilterlJIC an aptato et 

11' lII/pot. 

e. M!«D •• 1u. (!a_l. XII) 

!be lie" grata Me ooao.trat1oll rueecl tn. 0.17 t. 

0.2' per •• at. ..itber tbe loll oondltlou Ilor III 1 ..... 11 

, .. 01 l.tcnlf1oaat etteot UPOD l'c oOllO!1ltratio. ot ,raia. 

Dittereatlal dr:r .attor ;r1.ld due to treat.eDta, lIowevtr, 
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ltrougbt a'bout dltterellOe. ill \lptake .. alue.. So11 eula ... 

• itb ol'laaio .atter .bow4 all u.ptake ot 1'.' III/pot wbloh wu 

.1pltloantly hieher thall other.. Bonal aDd ••• e%'l" •• il 

ooDditlona were 011 par aDd reoorde4 uptake .. alu •• • t 9.7 and 

10.' JIg/pot. Oaloareou8 .oil "oorde4 tb. lea.t graill u.ptake 

ot 7.1 q/pot. Tbe .e. ,raill JIfs .ptake ot 8.' ./pot 1Jl 

0011t1"01 Inorea." to 11.0 ag/per pot 111 III tr .. t.ellt •• 

Straw Mg oontent wu toulld to be .1&llitloantl1' 111&11 

(0.55 per oellt) In tbe 0 ... ot 8011 tnatee! wit)l oraaDi • 

•• tter. Oa10areou •• 011 reoorded tbe 1 .... t .. alue ot 0.40 

per •• Ilt. lfol'!la1 aDd au'bll.rge4 .oil ooDdltl.u .)lowN Me 

•• Iloelltratio. ot 0.49 U4 0.48 per oellt. ~he ette.t or III 

le .. e18 waa nOll .1gnitioant. Th ••• an Tal"e. w.re 0.40 '.1" 
•• nt tor oontrol an~ 0.50 per o.nt tor ZIl appliec! trea .. enta. 

!be .ean root Me oonoentration rangea ~. 0.67 ~. 

1 ." per oent. Soil ellr10bea wttla orsaD1o •• 1:t.r .au ... a 

laigba:r root ~ oonoent:ratioll. Ucle' In t.:rt111.era 11.4 an 
appreoiab1y alt.red tbe root Pc ooataat. !lIe .ptake of ~)ae 

ele.el1t .a. 0,"10u.17 .ore 111 the .011 euloh.a w1th OZlg1e 

.atter aD4 leut 111 oaloareous •• il. !be uptak. of 'h • 

• l ••• nt al.o IDCr ..... due to add .. In t.rtl11 •• n. Bow • .,.eZ'. 

~ls1a eft.ot of III waa toull4 t. lit. ooatl_a to .,,_el"l" aol1 

81l1,. 

l1.fl 



Tb •• aln a. _11 a. 1m .raotloa .tto.t 1111110ato • 

• icnlfioano. tor tb. total Me uptak.. Tb •• oU enriola04 wltla 

o!'lmio .att.r witb •• an uptak. Ta1u. of 99.8 1II/pot .0" 
.011 faotore and ZaED'!.l an4 Zd0

4 
wltb •• an uptake Tal .... of 

76.6 aIl4 74.' .,/pot .. oDg In 1.,..1. were o'b.erY" to .ltow 

.1p1t1oantlr gr.ater Me uptake than tbo otbera. 1'1Ie ett.et 

ot Za, howner, wa. oo~iaed to .u ..... rle4 .011 01l1,.. 

t. !E!!I (Tabl. XIX) 

117 

The ooncentration ot 7e 1n grain d1tt.red .~D1fl.aat17 

du. to 41tter.noe. in .011 ooDdltl01l8. Su'bll.rged .011 wltll a 

.ean TUU. ot 171 PPI va. Oil par wltb orcaDio .atier earlo .. o. 

b8.Tlna a .eUl Ta1ue ot 157 PPI. Botb tlle.e treataea" •• ltowed 

.u'b.tantla1 eDbaDoed graiD 7e oonoentratioa OTer D.~al .011 

and oa!oareou. 80il wblcb re,l.t.red ...... Talue. of 12' ... 

109 ppra r •• p.otiTelr. znS04 app1i_tloa t.1I404 to 4 •• re .. o 

tb. 1 • • ontent ot ,raiD 811gb"l,. TlI •• ult •• Z'Sod eol1 aD4 

or, ani 0 .att.r enrioh.d .oil re.i.tered alao." dou'le ill •• p

take of :r. b1 ,rain. Th ••• u ."ate .at.e"" were 7.1 .... 

9.1 III/POt tor tb. to~er two aDd 5.1 au 4.1 .'/))0" tor tla. 

latter. Grata le uptak. va. aot 1Jltllloao04 117 Za 10TOla. 

Whl1 •• 011 ooD41tloa. pro4 •••• no .Llaltloaat Tarlatloa, 

,. loril11 •• tloa In 'otll t01'll •• au ... a elplfl.aat ••• re ... 

In .tl'aw '0 .oat... !)I ...... 0'''.''"tl0. tOr .. la. uN&1, 

.&1oaroo.a, 01'l&1l10 .atter oarl.lao. ad a •• 02l" .. 11. wen 

624. 99, 661 ... 640 ,,... !lIo.aa ••• o.tratt •• fa-r 1aI04 



aDd 1JlD!1. treat.ell", wortect oat ". 621 &lid 562 ppa .. 

oo.panel to 740 PPI 1n oontrol. .B ... l"d1. nra" .,. upta_ • 

• oil enriohed with 0l'l_io .at"er " .. 1'cnuld to oau .... 

1Ilorea.e •• traw le aptate or 5.4 .. /pct .. o .. par84 to '.8 

llR 

to 4.' ag/pot ill other.. ZIl applicatioJl whioh .howe. OOJl

o.lltration ditt.r.no •• failecl to refleot ia aptat. 4itt.r •••••• 

Tbe .ean aptat. Talu •• ranged withill 4.10 to 4.87 lII/po1l. 

The .oil enricheel with ol'lanio .atter oau ..... an root 

,. uptake Talue of 5.4 IIg/pot whioh wu .ipitioaat17 bieb.r 

thAll D.ol"llal &Del .ublleqed '011 with .. an uptate Talue. ot 

2.92 ancl '.50 lIg/pot. Oalcarloua aoil wa .... ooiat •• wlt)a 

lean root F. uptake Ta1uI of 2.25 ",/pot. ~ •• c1 Ill. t.rll-

11a.r. d.pre ••• d thl root Ie uptate. 

!h. total J'e uptake va. bilh •• t ia .011 .arioh •• wiO 

orgaD.1o .. tter (11.56 II,/pot). Oaloareou •• oil r.oone. tb. 

l.allt total 'e uptake (6.61 liS/po"). 1'0Nal ad '''.'JII' • 
• 011 reoorcl.d uptakl of 8.64 ad 7.5' III/POt. z. f.n111-

.atioa ia botb fortla d.pre •••• fe uptate o •• r ••• tl'Ol. !lI • 

.... _piak. tor oOlltrol w. 9.61 .... allln 8.0 .,/,011 ill Za 

ad4 •• tr.at.lllt.. Although tbe lat.rutl0. va. llo.-'1cA1tloaa" 

1t 1. ",""whl1. to .eatl.a that u ... r all •• 11 __ ltl ••• tla • 

•• pre •• 1ac .rr.et of III r.rtl1i •• re o. r •• "at ...... 14 .... 

,. "Mp.,,1 (!abl. XUI) 

!h. ,raiD. MIl olao.Jltratl •• w. 1111. lIicll.at ill •••• _ .. 

• 011 "ltll ••• an Tal •• • t 114 ppa. !lIla .... 110."'1', .. , 
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tar 41tt.rel1t tro. tho •• r.oorel.. 1. aoaal ad 'r,all1 ... tt •• 

• nrlob.4 wb.re a.an Tal ••• o) •• rY" w.re 97 and 99 p,.. 
Caloareou •• 011 r.gl.t.red tb. lowe.t OOl1t.l1t ot 85 , ... 

Applloatlol1 of ZI1 faYoured ,reat.r gr.ll1 MD oono.I1"r.tl0 .... 

the .tt.ot va. aore pr0l10lUlO" ill ZDlDTA. Tb ••• oonoeatratloa 

41tt.r.noe. oo.blned wltb dry .att.r 11.1d TarlatloBa re.ult.t 

In eaoh ot tbe 8011 ooDd Itlon 41tf.riDe .lcnltloant17 trn 

the other In the _tter ot uptak.. Tbe .ptak. treD&! .'b.orY" 

va. orgal11o matter .nriohed .011 > ••• ors- 1011> 1l0dal 

120 

8011 /' oaloareo118 8011. Cbelated Zn oau ... a Ir.ator MIl aptak •• 

Tbe 8ubalerge. 8011 oonditlon rlll.tere« tho b1cb.n 

.tr.w MIl oOlloelltratlon ot 176 ,~ .... ailln tbo low •• " Tal ... 

Or 1" ppa 111 o.loareou. 8011. A trelld .1.11ar to tbat 

ob •• n.eI tor grall1 wa. r.tl.ot.. 111 straw .. well. _01tC III 

leT.l. vbile obelated to~ oould oau •• a .1gnltl.aat aDi 

aark.4 1Dor .... ill MD OOl1t.at, tb. &441tl0. ot '.S04 oou14 

110t briDg .bout .uob Inor •••• an4 va. 011 par wlt~ .0Dtrol. 

!h. 1."".1' two tr .. taent. sbowee! Talue. of 149 .u 140 ,,. 

•••• iDa" 186 Ppi ob.,"" tor ZDID!.A. !bo ott •• t ot ZlLD'.fA 

111 po.ltlTOly InfluonoiDc .traw MR oODDontratl •• w ... -..rYei 

"lI4tr .11 .011 001l41tlo... III 11no 1'lt~ oo •• ntratl •• , ..... -

.0lS" .011 aJl4 orlanl. _ttor onrloh ••• 011 a. weU .. IIlBD!A 

tr.ato ••• 11. were ... oo1&t .. 1'l"h ,r.ator _"a1l: ..... 1.... !II • 

•• u .traw MIl ""at. o ..... rY •• were 1 .'9 ad. 1.1 9 .. /pot ,. 

tb. orcaa10 .. tt.r .nrloh.. '011 l1li4 ••• 0Zl" .011 ".,. ... 1 .... 17 



u .,aln.t 1 .01 aD4 0.86 .. /pot r.oo1"4.« 1. I1Ol'IIal aa4 

oaloar.ou. 8011.. IdMA r.oord.4 an ""ak. of 1 .'8 ac/," 

.. ooaparecJ to 0.95 and 0.94 ac/pot ~or laS0
4 

aD4 oolltrol. 

12J 

UII4.r all .011 001l41tlo .. root. reel.t.re4 ••• ,.rat1 .... 1, 

blgber MIl oono.ntratlon t'baa graln aM .tra". !h. 0 •• 11 •• of 

th •• 1 •• nt in :root yarled trow 120 to 670 ,,.. D1tt.r ..... 

In .011 ooDdltion. aoooant.d tor .uob ,,14. yariatl... S.11 

.nrloh.4 with oraanl0 matt.r produo.d root Ma oODO.~ra'10. 

ot 642 ppa wbloh "a. t"o to thre.~old b1.ch.r .. 00.,.re4 t. 

otber loll ooDdltlo1l8. Qaloar.ou. •• 011 r.o01'4e4 tb. 10" •• , 

oonoentratloa ot 2" ppa. Tbe root MIl oon.ntratloD "hl.1t 

va • .t'OU.M to be 642 PPII In oontrol d.or .... d to '72 n- 1a 

ZnBD!.l ud '05 PPI in zaSO .. treata.nt.. !h. uptak. ot MIl \, 

root yari.4 oOllllid.ra'bly and appearl to be 4et.,...w4 BO' 

olllf by tbe .oil oonditione 'bl1t al •• 1»7 Zn t.rtl1iaatl0 •• ' 

!be organo m.tt.r enriobecJ .oil r.gl.t.red tb. lItch.at root 

Mn uptak. of 2.'0 III/pot u oo.~r.d to 0.52 to 0.'" -./pot 
In othere.. Tbe Int.r_otian .ean. IDdloatecJ tb. 4.pre •• l_ 

etteot ot ZnS0
4 

on root MIl uptake In Bo~al. oaloar.ou. aid 

lu_e1'l84 .011. 

8u._e1"le. loll &Ild nONal •• U r.oor4e4 _B t.tal .ptat. 

ot 2.-4' aJ14 2.18 q/pot. 0ra&ll.10 _tt.r .arl8." .oil rHON" 

lip.ltioantl, hieber uptake of ... 22 .. /pot U4 .al8ueoU loll 

11gnlfloaml, lowel' uptate of 1 • n .. /pot. "'0111 ZIl l .. el. 
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IdDf.l treatment .bowe4 total uptake ot '.07 WI/pot .... alut 

2.50 III/POt in control and 2.3' q/pot 111 IdO •• 

h. OOPPIE' (!able XIII) 

Tbe graln Ou oonoentration yarle4 trow 7 p'_ to l' p'_. 

Whlle botb aain etteote .howe4 .0 .tatl.tl.al .iI.itl ..... 

the iJlteraotlon va. ob.e"" to be .lenltloald. !be a'.eue 

of In 41d not .ake .uob 4irteNll.e ill oaloar.ou ••• il .... 

oraanio lIatter enriohed so11. In nONal •• 11 au •• ate." 

inorea.ed Vbl1e In submersed .011 It deorea •• 4 a. a re.ult 

of III fortili •• tloa. !be uptake ot tho ol ... at ... aot 

artected elther b1 .oil ooadltl0 •• or Z. a,plio_tloa. 

Tbe .ean .traw Ou ooncentration ftrled trow 9 t. 15 ". 

&D4 tbe treaUent. 1IIpo.ecl bad no 41ffero11tlal illt111eao.. n. 
uptak.. boweYer. Yari84 .artecll,. TIt.r. w .. DO ettoet Oil 0. 

uptake 4u. to In fertilisation In nONal .011. The •• 0 .t 

ob,lated Zn eBbanoed Ou uptake In oal.areou. aDd .u'.ezg •• 

• oil. Ooabinecl applioatlon ot o:zwo1 •• "tt.r aa4 I .. t.rti11 •• r 

t.adocl to 400re ... tbe Ou uptake aDd tlll. wa. partloularl, •• 

in laBO. treatm.nt. 

Tb. root au ooru:aell'tratioJl raDI" tl"O. 31 ". 80 p,.. 
!h. eont.nt va. nearl1 double in .!.Wanie .att.r arleh ...... 

ft .... II ••• 011 • eo.pared to 1l0:rllal ad oalou.oua '011. 

III appll .. tl08 1a .1tber tora t.n ... to ' •• re .... 111'''1, 

'Mt not .!&Il1tloaal , the au OOllt ... t ot roo"'. Root IIa ."ake 



.. '1". 

w. toull4 to _I .01'1 1. oraa1l10 .attlr larlollM .011 &III( 

.u_era.4 .011. Thl •• an uptake .. alu •• w.re 0.28 u4 0.18 

q/pot re.peo'tly.17 tor thl a'bOY. oa ••• aDd 0.08 &B4 0.09 

.. /pot tor tbe otb'r two .011 ooD41tl0 •• 

Tbe aain a. _11 a. lftt.:raotlo •• ft.ot. were to,," to 

123 

oau •• d lff.r.noe. 1. total Ou ,,))tat.. Ozti&1l10 aatt.r .uloJa •• 

• 011 noorded • 'total uptalra ot 0.46 -a/pot tollowed lt7 nlt

.erce4 .011 wltb 0.'2 JIg/pot. Th ••• two .011 ooDdltlo .. we" 

.ilnltlO&lltly .uperlor 111 tb. _tt.r ot total Ou ""an. !Ja. 

no~al .011 aDd oaloar.ou ••• 11 1'.001'4.4 uptake ot 0.21 .. /pot~ 

Whl11 applloation ot ZIlSO. d.or •••• 4. the olillat .. ton .u .... 
tb. total OU. uptak.. Tbl lnt.:raotio. r.y.alo. tlle 011.1&, .. toa 

to .Dbanol tbe au upt.k. 111 o.learooul a1l4 IU_erlM loll, tb • 

• tt.ot 'bolDS aore pronounoed in .u_.ra" loil. 

1. 1!!!J.1('.'ble XUII) 

!h. gra1n In oODOent rat 10n rue" t:.ro. 7 to 19 ,JIll. 
!lI. aai. u well u inter •• tlon .tt.ot •• Jaowed Itatinl.al 

.1cft1t1oau.. .laoDB tbe 41ff.rent loll 00841tlo .. tlao 

.. loar.ou •• 011 r.oorded tb. lean Z. oOft.aMtl0. ot 11 ,JIll .• 

A,p11.atioa ot I. 1n ,1tber to~ regl8t.re4 a Itsaltloaat17 

b1&h.r la o01lO •• tratl0. In ,rala. ,t. ..... I. o •• t ..... WU 

10.5 ppa tor .od zoel a. -sainlt 15.' ad 15.' ,,_ for ad4", 

I. t.rillil.rI. Ia t1l. a'b •• llo. 01' &1l1 ad4 •• h. __ al ... 

0Zl .. 10 .. tt.1' .arl.h.4 .011 reellt.nt )lie1l.r III o •• to" 

tb .. __ '!'I.4 loll .... a1.areou IOU. .u41t1 ••• f IdO. 



~.. " 

.DaDO •• ZIl 001lo.lltrat loa of ,ral. wlaa~n.r 'b. "11 ••• 11 

oond 1 tlon, tb. lnoreaa. "D.lns .ON prol101Ul0.4 11l •• ~al &D4 

.ub1l.1'I.d .011. .Addltlon of ZIl a. ZJllm!A alao .1I0w" 

l11or.ased Zn oODO.ntra~lon. tbe lDOr .... ltoweTer Mll11 .OH 

prono1Uloe4 ill oaloanoua _011. III otll.r word. ap,lloa~ 1 •• 

of .itber fo~ of ZD oou14 oau •• a au).taatiy •• abaao" za o.a

.eDtratloD 1Jl grai. 1Jl .ub •• ZC" .oil, w1l11. ZaBmA oal,. 

brought about .lloh a .arted iDareaa. 1Jl tll. oaloare.a. aoll. 

!be oonoelltratlon dlft.re.o •• w.re r.taoted 1a ."at. 

41ft.reno._ as _11. Tb. organl0 _tt.r enriohed _011 " ...... 

a1g111f10antl1 biglaer up'ak. of 0.175 III/pet &8 acaiut O.09C 

III/pot 1n oaloanou. a011. Boraal and .11 ..... 1'1.' 80il r.ool'4.4 

a1ll11&r uptake. 'l!b. Zn addlt10n 11l .1th.r t ... oould .1Ilt .... 

th. Zn uptak. 'b1 gra1n oona14.ra'bl,. .l .tu4rat the 1nt.~ 

aotlon m.al.4 that 1D tb. alt •• llc. ot &d4et III tb •• " •• ra" 
an4 oaloareou. aoil oo'Dditl0.a rolist.r" nolt l.a. aptalre 

1n tun. witll 10wr oono.lltratl0. of "II •• 1....... B!cll.r 

,rai. 1i.14 aDd .Dbano.4 Zn oOlloeDtratioD )ot. ao.oua~" tor 

a pb.D ..... l 2 to 4 to14 lnor..... III u",alra 1Jl aonal ... 

1 •• 011 .Briob.4 wltb organl0 .. tt.r. 'rh. a441tlea .t laB004 
p~ •• lI.lptu1 ill inor.aalac tb. crab III uptake 1Il aU 

1nolu41Ds oaloar.ou.. aol1 ooDdltioa. Sa •• rlot .011 .Y •• 
nrpa ••• 4 ~1I. aoftal aDd orsul0 .att.r .ul •••• 011. !,. 
&44i,,10. of ZIlID!A _reucht .... out l .. Ha .... llptate alIA .,,_ 

bor ..... -, twi •• 1a oal.arooa. aM •••• 1'804 .. 11. 

12 
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!he oonaentratio'll ot I'll 1 •• traw aTene •• to l' "0 
19 p,. tor .oil ooB4itl01'l8 IUl4 14 to 2' tor 41tt.nnt b. 

leTe18. lf01'llal aad 8011 .uri.hed with orauio .att.r 

12~ 

r.oorde4 .traw Zn aonoentrat iOIl ot 19 aDd 18 p..,. r •• ,.ot IT.1,. 

Caloareou •• 011 aad .110.1'1.4 .011 reoordd .ienltloant1, 

1 •••• traw Zn oonoentration ot l' aid l' pptI. 1'he .traw I'll 

oonoentratloll ot 14 PPI 111 oOlltrol 11l0r .... d to 2' P1JII d". 

to Zn applioation. !lb. illteraotioJl reTeal.d the ala •• u •• f 

aIl1 appreoialale ett.ot ill Ilormal aad organio .. tt.r .nrioh.d 

.011. III oaloareou. and BU"'rsed Boll III applioatio. 1a 

either tOl'll oould eDbaDO •• traw ZIl ooaoelltrati... I'll t\UlO 

with oelloelltratioll the uptake ot tho el ... llt b1 .traw .... 

aore i. nOrllal .011 _d orcu.io .atter .nriohed .oll .. 

oo.pared to oaloareoll. and noersed .011. Zn applioat loa 

.DllallO.ct the llptate 1. 'Itoth tOl'll •• 

Root. reoord.d auob lreater ooao.Dtratlo'll .t tho ol ... at 

a. oo.pared to .traw aDd Irain. Witbln tbe dlttonat .oU 

oonditlollB .ozwal aDd Bu_ersed .oi1. reoorded .uola lreator 

root Z. OODo.ntration. !be .ean In oOJlOontratlon ._aerY" 
was 67 p,. tor oaloareou •• oil, 62 ~ tor .uba.ZS •••• 11, 

" p,. tor lloNal .011 aDd '4 PPi tor 01'laa.1 ... ttor oui.lIed 

.011. 1'ho .. e root Zn oo_o •• tl'&tl ..... 60 ,,. ill •• t"l 

.... ailln 71 p,. tor bSO. aDcl 45 ,,. tor IdDfA. no ." • 

• f "lI. .1 ••• t .... tllo )licb •• t la oJllu.1 ... tt.r .ul...... ..11 

wII.ft .. IIptate ot 0.19 111/," wu .\ •• rY" a ... a1ut 0.'. 



to 0.15 ./pot 1. otber loll ooDdltlo... n. root ,. _"aU 
illor.al.d tro. 0.15 IIC /pot 11l OOllt ro 1 to 0.' 9 111 /pet 1D 

'.SO. and to 0.17 JIg/pot 111 Zl'llIDl.A tr.ah.at. 

Tber. was oonald.rabl. Tariatloll 111 total ZIl aptat •• 

Dlff.r.ntlal loll oOnditloll, ZII appl1oatl0. al well .. tb. 

illt.raotion .ff.ot broUCbt about diff.rello.1 ill total za 

uptake. Th. ord.r of uptate Ibow.d the tre. ol'lu.l0 _tt.r 

.nlob.d loil (0.42 JIg/pot) > nOl'llal loll (0.', .. /pot) > 
labm.r8.d loil (0.'2 1I8/pot) > oaloar,oul loil (0.28 .. /pot). 

127 

For Zn 1.T.1I the ord.r of uptake val znS0
4 

(0.'8 .. /pot) • 

ZnlID.r.A (0.34 JIg/pot) > oontrol (O.,O ./pot). Th. iat.anloa 

Ibowed the pronouno.d ,ft.ot of add.d Zn f.rtilil.rl i. 

inor.aliDS the total Zn uptake In oaloar.ou aDd lult.'ZSed •• i18. 

5. BauiTal,nt oon •• ntla,ion of nu,rl,nt. ill rllaSloD '0 Za 

Th. ratl0 of dift.r.nt nutri.ntl ill r.lation to III 

.aloulat.d on .quiTal.nt oon •• ntratioa b&li. (,ollO'llt~tl .. 

ot tb. JUltri.nt d iTid.d b1 tb •• qaiTal,llt wicbt) 1 •• b •• " 

and root at till.ring ItlC' al intlu.llO.d "'7 "11. loil .0Dditi.a. 

aIld III t."illlatlon are prel'llted i. :rtc. 11 and 12. 

III tb. abl.no. of addition of ZIl ,."ili •• r, all loil 

oomd1tioDI aboved wider I/Zn ratl0 in Illoot aDd t1l1. Val •• ~ 

proIlOllll •• cI 11l oaloareoul 10 il aDd lub.'1'IH 10 i1. b 

a,,11 .. tl0. 11l .itber fo~ t.nded to narrow clo.a tbl1 ratio 

aD4 IDlDf! 11l )oth oaloar.OUI loll aM lan.rs'" •• 11 .lao" 
,""uo" •• or.al.. In the alt •• IIO. ot add Itl ••• f Z., P ISa 



and X/Za ratio. w.re ooaparatiT.ly wider for all the aol1 

aonditiolUl. The additioD of Zll f.rtili.er urrowed the 

ratio aDd the d.oreaa. w .. more proDOUnO.a in .ubmers •• aoil 

partioularly with the UB. of ZIlEDTA. Oa/ZD ratio Tari.d 

aOJl8iderably due to differeM •• iD Boil oonditioa. alld Za 

f.rtili.ation had DO iJltlu.DO. iD D01'llal 80il. Bown.r, 

u •• of ZnSO 4 in orgoio _tt.r .nriohed soil aDd ZIlIPfA 1D. 

sub.erced soil tendea to narrow doWJl the ratio. Ma/za rail0 

wa •• ore or le •• the same in the ab.eDo. aa w.ll .a additioD 

of ID fertili.er in Dormal .oil. The Bub.era.d .oil .how •• 

T.ry wid. ratioa amo~ tbe .oil oonditioa. BD4 addltion of 

12R 

In f.rtiliaer faToured ibe reduotion of ratio while in otb.r. 

the etteot was Dot muoh proDounoed. Oaloareoua aoil aBA 

aubmerg.a aoil reoord.a oomparatiYely h1gher './ZD ratioa •• 

oo.pared to Dormal aoil and organio .atter enriohed aoll. 

!he addition of Zn f.rtiliaer irre.peotiY. of the .oil 

ooJl4itiou tended to Darrow down ihe ratio whioh waa .ore 

pronollDoed iD orcanio .atter enriohea aoil aDd .ublle1'led .011. 

Higbeat Mn/ln ratio was .. aooiated with 8U~e1'lea aol1 aDd In 

fertllisation 001114 oau.e D&rrOw1nc ot the ratio and 1a .u)

.ersed aoil the ratio was reduoea to parallel Talu •• to otber 

aoil ooDditiona. .l relatlTely higher Oll/Za ratl0 exi ... " la 

.boot in th. ab.eno. of a4dltiaa ot In and.r all .011 

eoD4itloa. and in aormal .oil &D4 oaloar.ou ••• 11 tb. 84dlt1 •• 

ot In t.rtili •• r oaus •• sub.tautial d •• re •••• 



Cal.areou. 8Oi1 .1Iowe4 a ••• parati'Y.1r 1ateb ./Za, 

Oa/ID ratiol in root in the a'l.no. ot a4dition ot Anr I_ 

tenili.er. Addition ot In t.rti1i •• r aoooWlte4 tor the 

wlc1'lliq ot the ratio.. In .pit. ot thi. tb. root. n1atba 

to aaloar.oul .oil o.ntinu.cI to haY. wi4.r ratio. a. o .. ,.ret 
to otber. and use ot ZIlIMA aoooated tor wid.r ratio tbaa 

znS04 • 1'be nutrient ratio. Me/ZIl, './ZIl aDd MIl/ZIl .howed 

id.ntiaal tre.,. In all tb. abO'Y. 0 .... and in r •• ,.ot of 

all loil ooDditiona ZnS04 r.Gorded low ratio. aDd UI. of 

Z_EDTA wid.n.4 the ratio.. !b •• tt.at at Zn t.rtiU •• r o. 

MIl/Zn ratio in re,peat at .u'b1I.!"I.4 .oil 4 ••• rY •• a .peoial 

lI.ntion. Tb. ratio .bowed a pben_inal 4 •• r .... on applioatioa 

ot In 11l .1tber t01'll to tb. '011. Root au/z. ratl. ,,1cI.ne4 1a 
, 

all .oil ooD41tioD8 clu. to tb. &44itloll ot III t.nlll •• r. 

a. Growth aDd llutritioJl at rio. in .04110 .011 a. 

influ.noed by ... n4l1_t. ad ZJl t.rt 111.at loa 

!be growth and autrit10Jl ot r10. 1D a oaloareoua, aOD 

.alln •• 0410 .011 .. lntl •• noed '7 tb. applloatl.a ot 

... 1I4 •• nt. (,,.pua at 12 t /ha, ta:N1&1"4 .aur. at '0 t /)Ia 

aM ,re.n .anur. at '0 t Iba) .aob Wl4.r tour 10'Y.la of Z. 

(0, 2.5. 5.0 ancI 7.5 ppa) ".re .tul04 wlth 1"1 •• 'Yarl", 

II " al tb. t •• t Ol'Op. !h. re •• lt. of 1011 all4 plaat &Jl&1,.1. 

aDd the tbl0 •• trio olt •• "at lou reoo1"4 ••• uri. til •• OU" .t 



ia •• .-ie.tioa are pre •• at.« and 1at.r.ao •• ar1.iDe tzo. 

tata are iD41.oat.d. 

1. 8011 analui. 

!h. pbyaioo obeai.al obaraot.ri.tio. for tb. initial 

.oil '''pl ... plo,ed tor the .t~d, are ,i •• a i. !abl. XXII. 

fh. ,al1.nt po1nt. are bri.tly indioated. 'below. 
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!h. loil ba. pH and Ie .alu., of 8.95 aDd 0.42 •• ho,/ 

- re.p.ati •• l,. It lIa. ala1 1 ... t.xture oonai.iDe 44.46 

per o.at fiaer traotioD.. Th. orcuio oarbon aDd .xobanc.altl • 

• 04iu. pero.ntac. Talu •• ob •• n.4 'W.re 0.'2 per •• nt &D4 24 

p.r o •• t r •• peot1 •• 1,. !'be .oil al •• 00Dta1lle4 2.04 per .. at 

OaOO, • !h. 8tat'll. ot a.ailaltl.o " P .. 4 I: va. 4.2, '.2 ... 

14.6 p,. repr •• eDtiDg 1'O.peoti •• 1, low, low &ad •• 4iwa croapi., 

.. p.r tb. oon •• ntional ,ra41Ds .,at_ adopted " .oil t •• ti. 

/ ,.nio. in Tamil ladu. While th •• oil i. ~ .• upplied witJa 

total .10roautrieJlt J~' :, th •• tatu. ot a.ailalal •• 1oro1lutri.at. 

W&I 1 ••• thaa orit1 .. 1. 

TlI. aaa1111. ot tll •• 011 •• pl •• at ,lant1DC. tl11.riDe 

an4 lIan •• t .t..... are pr ••• nte4 1a !a'bl.. XXXIII to XUY. 

!lI. pH of tll •• 011 ,ot reau." 110 8.0 1. ,na-
treat..... There waa inoro". 1a Be Tal" ....... paNt t. 

"11. Initial .011 aa4 tb. iaorou ..... Oft pn.ou .... 1a 

'1"" ..... re treaueat. !1I. 01S_io .aft ..... 'eftral .feU 
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bieller 1a eZWaa10 .end.eat applied tnat.eat.. .. .... .t.1a'1e 

J, P aDd I: al ••• lIow" oouU.rala18 l.pr .. e .. at .. a re."lt 

ot oraanlo ... net.oDt.. fllo ,,.,.UII treatlle1lt "001'4.. eDllaDO" 

Oa OODo.Dtratlo11 ot .oil •• 1utlol1. .AIIoBl til •• 10l'Oall"rleat. 

there was '''i14 up ot aTal1ab1e r. 11l all tnat •• at.. !be 

liloroa.e .t MD wa. OOatl11. to orca1 ••• Dda.at treai •• at •• 

!It.r. va. DO .art. ellee. 1a Za .. &11&bl11t1. la appll.atl_ 

i •••• io lnore ... Zil aT&11&bl11 t7 lrr •• -peotlTe ot aaiuN .t 

... Dda.at. aM tb. iaer.a •• w .. aore pro1l0lUL." 1& tit. 

,re •• IlO. ot 0reuio ... Dd •• nt •• 

!b. obance s... pH ob •• n.4 at pla1li1llc was •• 1d.lu. 

ai tlUeri. ud barY •• " u4 tb.re val further .1igllt laorea.e 

la :10. !lIe orlol0 oarboJl pros" •• lT017 •• ore •• ed wi tll 

furtbor .t.,e. ot •• pl1. and a" }larv •• " 1:11. Tal... .bo,," 

•• rt .. 4.ore.... Tet tb. &pplioatlon of o%'lul0 .eD4.ell". 

reoo1'\\.4 two "0 thr •• told blgb.r Tal... .. oo.pant io ,,.,. ... 

n. & •• l1&ble I, P all4 I: ,,1.0 .how. oou14.zoa'le t.'rea .. 1a 

tlle po.t-lIan •• " .oil ... pl... !)le •• al1abl11t1 ot "e, .. , 

O. aD4 'a al ••• eerea.... loweTer tlae .. &1la'1e ZIl vb •• 

a.&11&bl11t1 taoro •• ea d.r1 .. tl11er~ waa .ore or le •• 

aalaialud u4 illl. va ••• ,.01a117 .. witb or.ul0 _1Id •• Di. 

pari1oular11,fte •• _re. !1I .... &1la1»111t1.f b t ..... t • 

•• or •••• 1a .nsu t".tIIe. ,,1tll proeNS. 1. ill. at.... Ia 

.08t1'01 C •• sa) "lI .... 11abl. la wu !'eta ... to ill. ,.1d .t 

•• fl.l.ao,. 
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• 1 :l 

2. Dry .!St.r 71.14, 00.,a'"S10. 'M upSaD ot .,"£1,,,. 
a' tl11.r15 

fh. toSal aDd 11141T14ual 4r, .aSS.r ".14 of .boot 

aDd rooS at tl1l.rl. ph ... a ••• 11 .. Sb. oono.nSratio. 

&lid upSak. daSa art prI ••• t.d ia !a_1. InYI. 

Grela aarun'. treaft.llS "oo1"4.d Sb. hich •• S 'oSal 

_u elrl aatS.r ll.U of 1'.1 ,/pot a. ooaparect S. 8.9 aD4 

.11.9 ,/pot r"PloS1T.1, tor 17P.III aDd ta~,." .amtre Snat

a.nt.. !h. 0;sanl0 ... neltl.nS. aloJll .... 11 .. 1 •• 0.'iDa'io. 

wlth In ,.rt111s.n reoo1"4.4 1I1gb.r ooot an4 rooS elr, .. tt.r 

1i.le! a. ooapared to ')'])tIl'. Zn applleatloft S.M.d S. 

Inore ... She t.tal elr, .aSS.r u4 tb. laorea •• va. '0" 
pronouno.d at 5 pp. 1.T.l of Za. BoweT'~. fanJU't .. IlUft 

r.oold.d b.tter .boot and root dry matt.r y1.1d 1ft tb. 

ab •• no. of anl a4ditlon of Zn. 

!b. oono.ntratloD of I i •• boot aDd root ... tb. 

hich •• " in ')'Pilla Sftat •• n", per.aa_lf elu. t •• o.pan.Si •• l, 

low elrl .att.r 11.leI. !he .. an Sotal • ""ak. Tari .... 

2'2, 220 &ad 21' .. /pos r •• peotlT.l, tor IJPlum, ta~yard 

._re &114 ,re ...... n tftaS •• at. aa4 tlta. SIt.ft .... IlO 

.ark.4 41ft.re.o. ill total' uptau at tiU.rbl .S ... . 

!b. _an tnal • uptake tor ,",ft •• iT.17 in.reuu.. III 

1 ••• 1. were 114, 186, 219 a1ld 158 .. /pot &11111 ')a1l '1III.n. 
tbat , ,,. In 1,T.l taTouzecl Ift&t.r I u"at.. th • • tt.en 

IL0,r_,vU (.' 
/ ot ... B4 •• 11S. aa4 b. t.l1;ill •• r Oil P eat I: ... 'zoltloa wu 
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not appreola'l.. leWT.Z', til. oZOCaaio ... IId_.nta t.II4 •• t • 

• liallt11 lUN ... th. 0.no.ntzoatl0. &JIll upta. ot "otll ., 

and E at tl11.Z'iac .t .... 

J&rllyar4 _uure aDd gyp.u_ treata.nta r.oo:rd •• hlell.1" 

oono.n"Z'atlon ot Oa. r~:rar4 lIanur. reoo:r4ed 00uidel'lL'11 

.or. Z'Oot uptak. ot Oa, whioh wa. Z'.n.01.d In til. total Oa 

uptake .. w.l1. Zn tertili.atlon t.lI4 .. to d.ore ... the 

oono.ntzoatloll aDd uptake ot Oa. Th. oraul0 ...... nt ... 

well a. ZIl tertlll.atlon taTour.d Ireat.Z' aoouaulatlon ... 

uptake ot Me a. oOllpared to .n.ua aDd til •• tt.ot .... ore 

pronOlllloed 11l ,Z' •• n lIanu.r.. ZII. applloatlon .howd aJll.r,l.tl • 

• tt.o1 aDd oono.ntZ'atloll and uptake ot Me 11l ahoot aDd root 

11l0r .... d du. to a4dltioll. ot Za t.rtlll •• Z'. 

r~,.rd .auZ'. reoor4.d til. hich •• t aIIoot ,. 00110 •• -

tratloll ~11. ,re.n .aIlure r.oord.d hlgb •• t root,. oon .. ntra

tlon. In t.rtili.atlon d.or.a.ed ,. oono.atratlon ot a •• t 
'but lure ... d alleht11 the P. oono.lRrat 10n of 1'00t. 

0rsal0 ... Dd •• t. reoorded 00na140ral11 .ore .",ak. ot .,. 

than ,,.,._. !h ••• all total Mn uptato va. ao" .arko4l1 

latlaonoed '1 z. tert 1118&t 1011.. J'am1&rd .&Ilare reoo~.4 

lIi,lIoat .. all .hoo" MD oono.ntration wlll1. c,.,.~ reoord .. 

1114)1 •• " _aa root .. oonoentratlon. Creanl0 ... II4I1.nt ..... 

In t.rtl1l.atloa t .. eeI to t.ore ... tlt. oOM.ntra,,10. ot oa 

la .laoot. ,lao oDhan0e4 41'7 .. tt.r 71014 iJl t)l. u". )lOWft'ft 

&Oooat .. fOr inoroa •••• "au iJl til. a' ... "r .. t ...... . 
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fll. In" treat •• at .1"lIout &44itio. ef la feri1Ueen 

nooN.4 Za OOJlo.ntrat1oll of 20 aD&! 1 05 p~ r.lpeot1T.l, i. 

11I0ot ... Z'Oot. !be oono.Btratioa of Zn i. 1"00t _4 Iboo" 

1no"al. appr.oia_l)' dlle to additioa of .T.a 2.' p~ 1 ..... 1 

ot Za. Bow .... er, turtber inorlal' ia ZIl l1T.11 .bo .. 4 ao 

furtblr appreoiable inorea... Botb tbe organio .. 11I4 •• nt •• 

aore partioularly taraJaZ'd .&mlre .ho_4 :biper oon •• atrat10a 

of III ITln 1. tbe ab.lao. ot an)' a441t10a ot Zn ..... paret to 

,"IU.. la .pp110at1on tended to inoreall Zn oonolntrat1oJl 

sligbtl)' in tb e.e treat.ent. .1 _11. 1'bl oonolatratloa 

TariatioD aDel 4r7 .atter y111d differenol. r.fleot.d 1Jl 

uptake 41ftereaoe.. 'fhe lIean total Za uptakl tor InllUl tan 

y&1'd •• nare aDd ,re.a manure treat •• at. worted oat to 0.60, 

O.~ all4 0.80 III/pot relpeoti"'lly. 1'111 acJ41t10a of ..... 

2.5 p~ of Za a.oouat.d for appreoia~le 1aore •• 1 1a total la 

uptake at tilleria. pb •••• 

,. Dry •• tt.r 71,14 " ban,., 

1'11. total 4r7.atter 71.14 aDd thl 1D41T1cJual 7ie14 

ot ,rain, nraw aDd root ob •• n" tor .aob ot tile t •• 1T. 

trl.t.'~. are pre.ented ill fable XIIYII &loDe witll 

n.t1.t1 .. 1 par ... t,r. tor 0_par1.oD ot •• au. 

fll ••• an total dr)' •• ttlr ,ro411O." 41ft.ret .1lnit1oaal, 

.... to ...... ,... Ireea .ana" trea.eat .au ... a .1&11.111-

... t17 lIich.r 4r, .. tter ,1.14 ot .1.0 ,Ipet Npre •• a1111 
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24.6 p.r o.at laoftu. OT.r e1P8ua aD4 13,2 per o.at l_r .... 

o'Y'r fara1Q"4 .an,,". la f."1118.tloa lao"u84 .11&lIt1, 

but not .1snlfioant11 tll. total. 4r, •• tt.r 11.ld. !II ... .. 

total dr1 •• tt.r 1i.ld for the iD.ONa.1Dg ord.r of Za 1 ..... 1. 

w.n 32.9. '8.0. '6.6 and '9.0 ,/pet r •• peoti'Y.11. 

b. Graia 7i'14 

'l'h ••• an ,raia 11.1d cllff.ncl .J.cnlfia&llt11 clu. t • 

... Dd •• nt. •• well.. Za le'Y.ls. Gr •• a •• J1U" u4 f&1"llJUd 

.anur. wlth the II,U ,raia 11.14 of 8.2 aJl4 7.7 ,/po'" were 

on par .Dd repr ••• nt.d a signifloant 26 per O.llt .nt 18 p.r 

oellt lnore ••• r.speot 1v.11 o'Yer en-WI. !h. ,ra1n 11.14 

11l0r ••• ed .1cnltioant11 tro. 6.2 111 ooatrol (no la) to 7.1 

ancl 7.9 ,/pot ln Za applled tr.ata.nts aU of wh lob We" oa par. 

o. bpw 71,14 

!)I ...... traw 11.14 'Y.r1e4 tro. 18.2 t. 30.0 ,/,... 

!h. ,re.a a.nar. tr •• t •• at re.ord.4 •••• a 11.14 of 27.' I/JOt 

repr ••• lltl. 14.2 per oent !nore ••• n.r f.ra1&1'4 _are ad 

29.4 per o.nt iJlOn ••• OYer In... Jara,aJ14 .g1lft .1 •• 

Ihow.4 13.2 per o.nt lure •• ee! 1i.14 o •• r In-. ltut ,.t 

re •• iaee! oa par witll it. !h. nr.w 71.14 taore ••• he. 

21.1 ,/pot in oontrol (ao la) to 24.0 to 25.9 ,/pot 4 •• t. 

&44.4 la t.rtl11 •• r. Hpre •• at1q 10.6 to 19.' per .. nt 

lno" .... 



•• 8001 trl .!tt't n,14 
!b ••• an dr7 .att.r 7i.14 of ~ootl .. ari.4 tro. 4.' 

to 6.2 ,/pot. A sipitioant i.prOY.lI.nt of root 4r7 _tt.s-

7i.ld wal obl.n,d due to ,re,11 lIanur. aDill IYPlua tl'latll.atl 

a. oOllpazoed to ta1"lDJa:rd manur •• 

4. Oonq.Mr!tion aDd uptake ot pu1ti,n1. at bm'" 
1''IIe oonoentration aDd Dutri.nt upt at. iD4iTi4ual17 

b7 graiD, Itraw and root and th. ooaput14 total uptak. al 

int'lu.no.4 b7 4ift.rent tr.atm.ntl are la.ariled 'b.low. 

a. litroc.n (fabl. XXIfIII) 

!b. crain I .ollt.nt .. aried tro. 1 .25 to 1 .6' Plr •• a1 

due to ... md •• Dts SDd tb. dift.r.Do. was Dot Itln1tioaat. 

Addition ot Zn t.rtilil.rs Ibawed a 11cn1t1o&Dt ,o8it1 .. 

• ff.et. 1'11, .ean I oont.nt was 1 .28 per •• nt in oontrol 

(no Zn) al -cainat 1 .46 per O.llt du. to added Z.. Whil. tb. 

UI' ot cJ ift,rellt ... na •• atl O&ua14 no 81cnifioan1 ~&:riati •• 

in • Ilptak. it 11 III f.rtl1i •• t101l ... 1n wblo11 aoooullted tor 

TariatioD 18 lrain • uptak •• Applloat10n of .T.a 2., ". 

.f I. 001114 'rll11 a_o"t .u'bltantlal i.proT_.1 i. crab. 

""aa. J'JOJId till. 1 .... 1, bow.n.r, t!l.re wal BO hnJaer 

iIIprOT ••• nt • 

.... 114 .. 1111 aloD. &D4 la ooa'aatieD wi111 III )"ll,"" 
.... out l!caUi0&Jl1 .. ariatl •• 1. Itraw •• ou.ar&t 10.. 1'azII

,aJ!I4 _av. a1I4 'r ..... a.re 0&11114 cr.at.l •• oae •• tratl •• 



tban ,n-. !la. aou • oono.ntratloa .ala.1 oltl.n" were 

0.98, 0.92 alld 0.81 per o.nt relpeotl •• 17 tor taN,." .~, 

,re.n •• 11re aDd IJ'PIU.. Proa t1l. Int .!'flot loa .oana t1l • 

•• proillng .tt.ot ot )l!ela 1 ••• 11 ot Zn wla.n oo._ln" wltla 

,re.n .all1lre wal 'broucltt out. nll. Zn tort1111atioD 

produo.d ao aark.d .ar1atlon in I'traw • upta~ tit. dl!t.r.at 

... Ddaeme •• ployed oauleel 11p1t1oaDt .ariatioa. 0l"loio 

... nd •• Dtl oaulod pj,noaenal .l1bano.1S uptak.. !1I ••• an upt.ke 

.aluo I ab •• rY.d w.re 2., 4 III /pot t.r ta~yard •• are, 245 

tor gr.en aanure and 169 .,/pot tor In.u. 

In reep.ot ot root J oono.ntrat1on neitlter tla • 

... Dd •• rat I !lor Zn 10 •• 1. ltroUCltt a'ltoat -7 li,J11t1oaDt 

.ar1at10n. !lto interaotio •• tt.ot 'bown.r .x1ne4. UII4.r 

ooD41t 10Dl ot ..sd.. '7PIUII an4 t an7&rd .anure, Z. a"li •• t10. 

teD4 •• to Inore ... root • oonoentrat 10., w'bl1. cre.a _ue 

plul In 00.ltll18tloll1 t.ruled to •• or..... !h. uptake aata 

r •••• l.d tbat Inlu. and gre.1l .... \lft oou14 OUI. Ir.at.r 

aoouaulatioll ot • in root .. o •• pared to tan,arA aou •• 

!lte to~.r two l'bow.4 •• an root 11 aptate .&1U.I ot 41 .1 aM 

"., ,../.,. ...... a1nlt "., 1n tit •• a •• ot .tanJUd .... re. 

!1I. total • uptat •• arl84 tr_ 240 to .'0 .. /pot. 

O ..... 1aatioll ot In wltla "7 ... Bd •• llt .~an •• 4 • aptate. 

;r ...... ft ,1 .. 1 2.5 PPI III ._1»11l&"101l ro,ln.ret •• 

.. xillu. uptak •• 
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,. i)olRbolSl (!a'le IXIJIII) 

!he .end_eat. oauee4 .1CD1tlout dltteroa .. 1B ,_1. 
P OOl1oentrat 10n. l&l:'ll7U"4 .anun reoorded • Iraia P oOllt.at 

of 0.44 per oent a .... lnat 0." au 0." per .e.t tor Inoa 

a.nure aDd IYP.u. r •• peotlTel,.. The aterutl •• otto ... 

wblob a1.0 lD410ate4 .lcn1tloanoe reToaled the depre •• 11l1 

ette.t ot hieh la leTel O. ,raiB. P oDn.eniratl0., the effeot 

'bel121 ott.et in tbe pre.enoe of tam1&ft aaDn. !be ."aa 

ot P 'b1 ,raln 41ttered .1Inltloantl, due to .. t.. ..eal.ent. 

aDd III fertl11.ailoll. !be uptake a1.0 w" the h1&he.t 1a 

tarmyard .anare. Whl1e lower ID 1eTe1. eaanoed. h!cher b 

leTel. depres.ed P uptake 'by grain. 

The .traw P oGlltent dltfered .1cJL1flo&Jltl,. 4ue to 

41ttereD". 1:n. .. eD4.eat.. 'a%'ll1&1"4 •• an fUOURd lreator 

.traw P oODoentratloD than other.. Za a10M or 1a .0.'1_t10a 

wlth .. elUl.ent. produoed DO .arte4 dlfterenoe 1a .traw P 

00 no. nt rat loa. Beth the _aln a. ".11 .. lateraotloa ette .. 

talled to 12 .... , .1,:a1tlo&llt 1.paot 011 .traw P uptako. !JIl • 

•• &11 uptake yalue. tor ... ndatm. were ,6, 42 04 '2 Ill/pet 

and tor In leyel. 27 to '0 .. /pot. 

!he .... a P ooaten" in root "~i'" tro. 0.11 to 0.21 

per .eat &Il4 tlle .ptate !'&DC" tro. 5.' to 10.1 .. /pet. 

lOI1ie .. ell4.eat. ,reel .... o. ao .i,niti ... t 4ittoreaM 1a ...... 

... u"ate/la at 5 ,,. w" 0'b.orY.4 to ",inor tH JIliP." 

ooJl.el1tratloa Md ."ato of P aa ••• pan« to otltor inola of 



!h. total P up'at. ditt.red .ieaitioaatl, due t • 

.... DA ... nt. • Th. u •• ot t&N7ard .aure oau.ed &Il apta_ ef 

82 III/:P<>t ancJ this wu s1gnitioant17 aore thaa 68 alld '6 

111 /pot ob.e"e4 in g7P8\1J1l and lreen .aau.re respe.' iTel,. 

The app1ioation ot ZJl up to 7.5 PPI e.p1018d brougbt altou' 

DO appreciable Tari.tion in total P uptake. It .a, .. 

•• ntioD.d that much ot the ab.orbed P W&8 immobiliaed La 

root due to increasing Zn 1e •• 1. 

o. Potas.iu. (Table XlIII) 

The oontent ot K in graa ranged tro. 0.,8 to 0.47 

per oent aDd va. tbu. not lIarkedl, lntluen.oed b7 treat.ea 

etteot.. Ths uptake ot the ele.ent, hovner, 4ittered 

'1cnitioantly due to .. end.ellte. OZS&1lio .. eDd.ellt. taToure4 

greater aptake. Th •• e.n uptake Ta1ue. were 28, " &D4 '4 

II,/pot. 

!he .traw I oontent ranged tro. 0.'7 to 0.49 per .eDt 

1{7 

aDd app1ioatio. ot In.UII "eDded to euuoe .traw I oe .. eatratloll. 

!he .traw K IIp''ate waf nllt lntlLtenoe4 ), &Il, ot ihe tnauenia 

illpo.ed. 

!he dlfterent ... Dd.ent. e.pl.,e. broUCht abollt 

.1enltioas' Tariail0. 1. root K oOllOe.'ratl •• aDd ap''-'. 

!he applioailoa ot ,reen .&aure oau ••• Ireater •• 30eairat1 •• 

&lid ."ate. 



Th. total I u~&k. rug.d tro. 121 to 167 .. /pot. 

Organ10 .... nel •• nt. ou •••• 1gn1t10aatlr htch.r uptake tho 

Iyp.U..· Wh11. aa1n .tt.ot du.. to In wa •• b •• nt 1nt.raot1 •• 
I 

.tt.ot va. signitio.nt. The 1I.an. 1D4ioato4 tb. &4ditio. of 

In to d.or .... total I u.ptalc. wh.n ooabiD.d with In.'' aJl4 

t.rayard .anur. and inorea •• d tb •• _. wb.n oo.biDed witll 

green lI&nu.r •• 

d. Oaloiu.a (Tabl. XXXIX) 

Th. cono.ntrat10n ot c. in graiD .,..ri.d tro. 0." to 

0.57 per o.nt and th.r. va. no .1gnitioaDt ditt.r.no ... oDC 

tr.atllent.. Tbe u.pt.t., howe.,.er, .,..r1.4 .1gD1t10antl, ow1 .. 

to ditt.rent 1al dry lI.tt.r 1i.ld. Orsanio •• IId •• nt. reoort •• 

• or. upt.k. tban g;yp.u... The .ignitioant int.raction .tt.n 
.how.d that Zn .pplio.t10n in.r •••• d the Oa oont.at wh.n 

oo.bin.d witb Iyp.u.a. All Zn 10.,.018 w.re on par in r •• peot 

of otb.r ... nd1l.nt •• 

Tb. diff.r.no •• in ••• ndment. and In 1 ... 1. alon. 

and in ooabinatioa witb ... nd •• nt. 0&u •• 4 .1ga1tioant .ariatioa 

in both oono.ntr.tion .Dd apt.t. of 0& It1 .traw. !'b. ,re •• 

lIanu.r. and Iyp." tr •• t.on% reoorded lIillt.r Ca yalu.o. of 0.74 

per 'o.nt ud 0.66 per o. nt OY.r taraJ&r4 witlt the a.a yal •• 

of 0.58 per •• Dt. !h. ,reon _are tr.a_eJlt 1' ••• 1'4 •• 80ft 

."ate i ••• 198 III/POt .. ooapared to 1'5 ad 1" .. /,.,. 

Altltouah f~;n~r.OOr4.d 1 ••• oon.anti.a thaa ,na" , .... 

" 



... " 
l~ 

oo.pan:tiT.ly .Db_.eI elry .att.r 11.14 Go.peuat .. th. 

uptak.. Zn applioation produoe4 ao Tariatioa in Oa ooa

o.ntration and th. 1I.an TalU •• ob •• ".4 w.r. 0.61, 0.68, 0 •. " 

allIS 0.68 .,/pot r.speetiT.ly tor iaoreas1111 Za 1.,..1.. a.re 
.. ain the inorea.ed 4r111atter 11.14 r •• ult.4 in .UUl." 
uptake whiob 1ner.a.e4 tro. 121 in oontrol to 158, 170 aDd 

178 -c/pot r •• peetiT.11 tor progr ••• 1T.l, inor ... iDC In. 

!h. root oontain.d greater oono.ntratioa ot Oa thaa 

grain and .traw. Th ••• ana rang.d tro. 1.7 to 2.' ,.1" •• Dt 

and. tbe ditt.r.no •• were non .1«nitioant. HowOT.r, tho ""ak. 

ot Oa by root .aa 8ignitioantly .01". i. gr •••• aDAr .... 

gypaUli treat.ent.. Th ••• an Ilptalc. Talue. r.cord .. to~ 

Ina".. t&l"llyard .&Dur. aDd gre.n lIanur. w.re 115.94 aDd 

122 111 /pot re.peot iT.ly. 

!h. total Ca uptake rang04 tro. 215 to 'SO .. /pot. 

Ap~lioation ot gr •• n .. nur. r •• ulted in tho 'ish.at total 

l18&n Oa uptake ot '56 .. /pot a. oOllpar04 to IJPII" u4 tan

yard .u.ure whioh had •• an Oa uptak. Talu •• 281 aJl4 266 ltC/pot. 

Tb ••• an total Oa Ilptalc. ot 257 ag/pot .1cnitioantl, i.ore .... 

to '22 and '28 III/POt 1n 5 and 7.5 PPI Zn tr.at •• t •• 

•• My •• iy (!a1tle XL) 

!b. Il"aia Me oonoontra"ion ruce4 tr_ 0.18 to 0.'0 

per eoat a1l4 a.it1l.r "b ........... 01" tho :It. 1 ••• 1. \tlleqlat 

a'ollt an, .1cait1o .. t Tar1at10. i. tho craiD '" Mnt .... 
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In tbe .atter ot ""at. ZIl t.rtl1laatloll taToand creat ... 

aOO&llllllat10. ot the .1".llt. Th ...... ptate tel' iaona.iDe 

In l.y.l. wer. 14, 18, 22 aDd 19 me/pot. 

Th •• traw Me oono.lltratloll yaried withill yery JlU'Z'eW 

limit. b.tw.en 0.41 to 0.49 p.r o.Dt and thi. ya;riatio. 1a 

am.ndm.nt. and ZIl leY.l. tall.d to brl111 "~out all7 ditt.r ..... 

Th. uptake data .howed .1gnitioant .tt.ot tor ... 114 •• 111: •• 

Gre.n lI&!lur. and t&l'llJ&l"4 .anure r.gi.t.r.d lrea't.r upta. 

than 17P8W1. III a .1IIilar wa1, wb i18 oOllo.nt:rat ioa ".&ill" 
on par tor In l.y.ll there was inor.al.d upta~ tor iDOna ••• 

In In.l •• 

Th. Me oont.nt of root r&zrg.d t1"01i 0.50 t. 0 .• 97 p.r 

o.nt ancl th. clitt.r.DO •• -ODC tr.at.ent. w.re not .Jcaitloaat. 

Th. aptake, howner, yari.4 00l1lid.rab11. (JJPII" Ul4 11' ••• 

lIaDur. treabant. brought about great.r uptake ot ,,-. Hleh.r 

l.y.l. ot In r.duoed tb. root Me uptake.. na 1n't.raot1 •• 

• tt •• t 1adleated tbat with the u •• ot ta~J&r4 .allar. a • 

... n4 •• nt. root Me uptake 4.ore ... 4 due to add.d Ill. 

!he total Ma aptat. ranged tro. 1" to 173 'III/,.t .• 

Gre.n .&!lUr. application reoorcle4 .1cllitioallt11 .ore Me uptaa 

OY.r gn.a &Il4 r_a1n.4 on par with t&1"llyaft .aIlur... !1I • 

..... 1l ptat. _1u.. were 174. 1" aDd 148 .. /pot tor Ir ••• 

lIantlr •• tU'll7&rd .&1lIlre aII4 '''.\111 r •• penly.l,. !)I ..... 



""at. tor In l.~.l. w.re 148, 178, 152 .114 155 .. /pot tor 

lnon •• 1De 1 ••• 1. ot Jil, tb. ditt.r •••• , II OW",1" , a .... iDC 

.1gnitioant. 

t. lEa ('fabl. XL) 

Wh i1. ...nd .. nt. bad no ditt.r.1l1i ia1 Illtlu.llo. O. 

,r.ill r. oono.ntration, bigh.r 1 ... 1. ot ZIl .... eb •• rt''' 
to d.or •••• the ..... 'fh ••• all ,. oono.Jl1:ratloll .... lu •• 

tor ... Da •• nt. wu ob •• n" to '" 142 I 160 aIld 1 50 P~ 

n.p.oti .... 1y tor g1P8UlI, tu.yard .aIlur •• Dd. gr •• n _UN" 
'fh. :r. oono.ntrat ion troll 158 PPi in 00ntro1 d.ore ••• d "0 
1'. PPI at 7.5 pp. Zn le •• 1. !be uptake ot the .1 ••• llt 

41tt.re4 due to ... nd •• nt. aDd Zn 1 ..... 1.. Botb th. e1"l&lli • 

... Dd.ent. r.,i.t.red gre.t.r upt.k. than gneu. ,. upt.k. 

lnor •••• d initi.lly but d.or .... d at h1&11 Zn 1 ... 1.. fbi. 

i •• ttribut.bl. DOt only to the 411"1 •• tter 11.14 4itt.reao •• 

at al •• oono.lltr.tloJl ~.riatiou. At low ZIl 1 ... 1. b1l11 

15: 

,. ooDoeatratioll .nd .t b1ch Za 1 ... 1. redu .. a ,. oODO.Btratloa 

w.re priaarily reapouible tor upt.k. 4itt.r.no ••• 

!h. u., ot 0Z'C.nio •• ell4 •• llt. t.~.U1"" lreat.r nnw 

r. oono.ntratioa aDd uptake a. oo.pared to 17PII11.. !lI ..... 

le OODO'lltratloD w" 4" Ppa tor g~ ...... alnat 589 ... 

511 Ppi tor 01'lul ••• nd •• nt.. !)I. III t.ril1laatl •• t ..... 

t. a •• r .... altpt11 1tut aot .1pltloa1lt1111b. r ...... d:rati •• 



ot .tr.w. Tbe 1ll'teraotlo11 .tt.ot _10 .1 •• bdl_t •• 

• !gaitio.no. reTe.led tb.t .11 1.Tel. ot In r ... 1Ded •• 

par "nd.r 111>.".. 7&r11yard .&1Ulre plu. III .o.'blu:tloD. 

d.or •••• 4. wb11. gr •• n .&Bur. plul Zn oo.blaatlo11 .Bhano •• 

7. uptake by straw. 

Zn tertilllation o.uI.d 11gn1tloant d •• r .... ot root 

7e oonoentration but not uptake. ...ad.entl lIroqbt about 

TariatloD 1n uptake but not In 00IlOentrat10.. G1'pnlll &JIll 

gr •• n lIanure t .... our.d higher Ie uptake 1111 root .. 00.' .... 
to t.Nyard .anure. 

g. MaDganele (T.ble ILl) 

fbe oonoentration ot MIl by ,raln, Itraw and root wa. 

not .arkedly 1n!l".noed ., allY ot tbe trea, .. Dt ett.ot •• 

How'Ter, tbe uptake ot tbe ele.ent b1 eao)) ot tb. a'boT. 

reYealed slgnitioant dittereno •• due to dittereno •• 1n 

treat.entl. In all .eel ,reen .aD.\lre te1'l4ed to Ihow higher 

uptake tban the other two "enel.em.. ZJl fe"1110a1;10. 

show.d no appreoiable YarlatieD in uptake ot MD 111' .traw 

and root 'but t.Toured greater uptake ot tbe .1.eD.t 117 ,raia. 

!be total MIl uptake yulecl tro. '2.7 Jig/pot to 4'.8 

.. /pot aDd tbe Interaction etteot alone .bowe. 1"'-l.'1oal 

s1gn1tloano.. 'fbI Ir •••• o"r. p1". 7.5 ppa III oOlllla.1 .. 

reoord ••• 1calflout17 b1clllr Itptate tlt_ otlt.ra. 
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h. gopp.r (!abl. XLI) 

While the .. eDd •• at. _rought a_out •• ry little 

.,.ari.tioll ill the au oono.lltratioll ot grai.) ZIl t.rt111.a,,10. 

oaa •• d a pronounoed and .1g111tl.&Dt 4.Pr ••• lo11. EY.a the 

low 40 •• at 2.5 P:S- .. ploy.4 brought .'bout d.or .... la grata 

15R 

au oonoentration aDd further le.,.e1. oauled DO furth.r ,.el\lotl0 •• 

The pronouno.d d.or .... of au uptake .ay b. attr1'but.el to t'b. 

am.nd •• nt. u well • Zn f.rtili.atioll. The org .... 10 •• 114-

•• ntl r.giltered great.r uptake tban gn-a. Tbe 4 •• 1' ..... 

ot uptak. fro'll 0.255 tag/pot in oontro1 to 0.186 to 0.196 III/pot 

weI'. due to added Zn le.,..l •• 

O?ganio am.ndm.nta and Zn tertil1.at1on d.o,. .... the 

atraY Ou oono elJ.t rat 1011, tb. d.o"... 'be 1Dg .01'. Pl"ODOWlOe4 

1n gr.en manure and bigber 1e.,..1. of Zn .p101't4. Tb ••• aa 

.traw Ou oono.ntration w.re 17 PPI for gyp.a, 1, aDd 10 P-S

tor organio "end.ent.. Tbe OOl1o.ntrat lOB ot o. 4.0,. .. e4 

lignitioantl, froll 16 pp. 1n oontro1 te 12 to 14 p,. 1a Za 

treat*' oa.... Tb. IItraw C. uptake va. tb. 10w.t 1. gr ••• 

manure treat.ent. Tbe .traw Ou uptak. w .. 4 •• re ... el .1i1htl1 

but not .1gn1fi.antly by Zn app1ioat1011 • 

..... nd •• nt., ZIl 1 ••• 1. aDd the iJrt.raot1.a .tt.n 
ltrought &'b.ut c11tt.r.nt1al .opper oono.atrat10. ill ron. 
Gre.1l _aun appl1.tioll tayoure4 gr.at.r reo .. OU 0 ••• datl0 •• 

Illor.a.l. Za ley.1. prog,. •• 1 •• 1,. cl •• ,..... OIl ooatent e~ 



root. tlut higb.st 1.'Yel oau.iI" •• !gaUl0.n "4uotl0. o'Y.r 

oth.r.. Int.r.otloD .ft.ot r~ •• l" that in the ._ •• 11 •• ot 

01 adc1..d Zn t.rt ll18.r Ol"lanio ... II4 ••• t. t .Dllecl ". .1I0w 

.nhanoed Ou oonoerrtr.tloa ot root.. In all •••• ad ... I. 

d.or •••• d tb. oono.ntratloa. the d.or •••• b.lng aore pre

nouno.d in t&1"lllyard lIanur. aDd ,n.ua •• o_par.d t. ,r •• a 

lIIanur •• 

Total Ou uptake 'Yarl.d troa 2.1 to 4.' II,/pot. Th. 

lIean Ou 1lpt.k. tor ta1'llyard mour. wa. 2.6 til/pot .. OOllplft. 

to ,., in ,yp.UII u.4 '.9 in gr •• n •• nur. treatm.nt.. Pol' 

Zn lO'Y.l. the total Ou uptake tro. a 'Yalu. ot '.7 and ,.6 
IIC/pot in no In and 2.5 PPI Zn 1.'Y.l. lot d •• n ... el to 2.9 

111 /pot in 5 and 7.5 Pi'll In 1 ••• 1 •• 

1. 1!!! (Tabl. ILII) 

Tb. grain In oono.ntratloD iDOna •• d .11sht17 but Je' 

.ignif10ant1, due to th. u •• ot t&ftyard aamtre. !h ..... 

oonoentration valu •• were 22.5 ppm tor 11P.U. &D4 22.8 ppa 

for ,r •• a maDur. a .... 1n.t 24.8 PPI tor taN,." a&lllln. 

!b. applloat10n ot Zn oau.ed .n lnor .... 111 tb. ,rata ,. 

OOllo.ntratioll. tb •• tt.ot, hown.r, b.l. ooatl_' tor I~\UI 

&lid t&1"ll,ard lIanur ••• MII.ni.. !b. IIpt .. 01 t)l •• ,.__ 

was .1cJllfl0aat17 aore du. to U. ot 0Z'lul ....... at •• 

III t.rlil1 •• tloa .lao oau •• d •• 1cll1fl.&JI.t ........ "aU 
'but all tla. la a,p11ect tr ...... D1. w.r •• Il 1*1'. 



lfiS 

!ULB XLII. aOITDT A.ND UP.rA.O 01 ZINO UlfD:aR TBB IlflLUDO:a 0' 
DI1PERINT AMENDMBN!S 

-------~-~~--~~~~---~~--~-------~---------------~~~~-~---
lino Oontellt (Pili ) Uptake ( .. I po,,) 

_end.ent. 1 .. e1, 
(ppi ) 

G S R G 8 It , 
------~-~------~---~----~-----~--~----~-~~-------~----

0 18 17 89 0.10 0.'1 0.44 0.8' 

Gyp.lUI 2.5 2' 20 89 0.17 0.41 0.49 1.07 
5.0 24 24 94 0.16 0.52 0." 1.21 
7.5 24 29 100 (\.1 , 0.70 0.'6 1.42 

0 24 26 82 0.17 0.67 0.41 1.2' 

"YM 2.5 26 '2 96 0.20 0.77 0.4' 1 .42 
5.0 24 '6 " 0.18 0.77 0.'2 1 .27 
7.5 26 28 87 0.21 0.67 0.41 1.29 

0 24 20 94 0.15 0.44 0.49 1.08 
2.5 21 28 8, 0.17 0.84 0." 1 .'4 

GM 5.0 2' 24 91 0.20 0.70 0.47 1.'7 
7.5 2' ,0 97 0.21 0.90 0.52 1.6, 

o .D. (.AlleDd ) - 2..25 1.08 •• 8. O.~ 0.16 0.10 0.28 

o .D.(ZlJlo ) - If .8. 1.24 B.S. 0.04 0.18 •• 1. 0.'2 
O.D .(AIIslll) - 4.46 2.16 1'.8. 1f.8. •• S • •• S. B.8. 

-~--~~-~-~~-~~-~---------~--~~~~~~~~-~---~---
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!he nraw Za oontent Taried tro. 17 'J8 to '6 ,pa-
Wl! ile green manure oau.84 a .1gnU'ioant lIIprcw •• eat ot .traw 

III oonoentratiOll, u.e of f&l.'W,ar4 .&Jlllr •• howd tanh.r 

.ignifioant illorea.e. The m.an Talu •• ola.ened tor tit. three 

amendment. in the order mentioned w.r. 22, 26 and ,1 ppa. Tit • 

• traw oonoentration ot Zn .1gnifioantl, inoreu.d tro. 21 ppII 

in oontrol to 27 to 29 pp. a. a re.ult of Zn tertili.atio •• 

The interaotion effeot al.o indioat.d .1gnitioanoe. G". .. 

oo.bined with h1gh leTel ot III brougbt about .1gnitioaa" 

iJlprOTe.ent. EYen tbe low leTel. ot In oou14 oau ••• lloll &1l 

.fteot when oombined with organio o.nd •• nt.. The uptat. 

o! the el.ent by .traw raged fro. 0.'1 to 0.90 ag/pot. 

Tbe eft.ot due to .. end.ent. aDd Zn applioation w.re .1I.i

tioant. 0rlani ... end.ent •• howed •• an uptake ot 0.72 .. /pot 

u GO. pared to gypaa reoording 0.48 mg/pot. file me .. aptat. 

Tal". ot 0.47 mg/pot il1Orea.ed to 0.67 to 0.76 "/JOt a. a 

r •• ult ot Zn tertili.ation. 

Tbe oonoentratioll ot In in the root Tari .. tro • ." ,PI 

to 1 00 PPI. Tbe u.. ot tamyard m&!lure t .... 4 to d.orea •• 

the Zn GOno.ntrat ion ot root a. oo.pared to tbe oth.r 

••• nd •• nt.. The .tt.ot du. to In t.rti1i.atio. proT" ,. 

b. aou1cJlitioant. Tbe .ean Talu •• ct'b.err.d were 88, gO, 86 

.. gO ,PI tor tb. iur.a.illl In leY.1.. Ja1'tlJ&ri _au" 

reoord •• 1Iuo)l le •• uptake ot b i ••• 0.40 .. /pot u _.pant 



to 0.'0 q/poi in ih. oth.r two 0..... !b. root ."at •• f 
Zn va. allO not aark.dl,. inor.&led 4u. t. Za appl10at10 •• 

The total Zn uptake yari •• tro. 1.15 to 1.45 as/pot. 

AII.mll.nt. anc! Zn In,l. int1u.noed the total Za uptake 

eignitioant11. Gre.n 1II1UUlr. plu. 7.5 PPI Zn reoord •• tlle 

higb •• t uptake ot 1 .45 DIg/pot AI oOllpar.d to 1 .09 III/pot 

in oontrol. 

5. Bat10 ot Dutri,nt. So Zn oa .qu1yal.at )a.1. 

Tb. oOIlPQt.d natri.nt ratio. ot yar10u. nutri.nt. ia 

r.lat 10n to Zn o.loulat.d 011 tb. ba.i. ot .quiyal.nt .oa

o.ntration. a. In!lu.no.d b1 tb. am.DlII.at. and Zil t.rtili.

atioll at t illerlng .tag. are pre •• nt.4 ia '1&. f' &Ild 14. 

III the abs.no. ot addition ot Za t.rtili •• r orsa:a1 • 

... ndm.nte t.nded to oaue. great.r d.pre •• ioa 01 aon ratio. 

in aboot AI oo.pared to gyplu. aDd tb •• tteot W&I .ore pro

nounoed in t8.l."ll7&rc! IIlUlur. tr.atllent. Ad4i t loa ot In .u ..• 
furth.r lowered ratio. but tb •• tt.ot w ... 01" prollOunoei 

in the pre.eno. ot ,r,.D .IUlU". Th. n.t r •• ult va. that 

,r •• n _anur. plul Za oo_binatioa layoured .".,.1"&tl •• 1, 

low.r ratl0'. Bo ..... r. Mg/ZIl ratl0 ... e •• paratl •• 1, w14.r 

in orcanio •• MDI.nt. aDd oo.binatioa 01 la partioular1r 
with Ire.1l ._re t.D4e4 to furtb.r w14 •• the rat 1. • AaotlleJII 

polnt 01 1Ilt.re.t 11 tbat lI.n appli_tl.a ., .~&Jli ..... -

•• nt. oou14 oau •• _rrow ratl0. ot I/Sa, l/Ia, '.I'a, JIll/sa 
oa/,.. lino t.rtl11.atlon t ..... t ••• erea •• '11. J-atio. 1a 

, ••• ral. 

161] 



!he .tt.ot ot ... nn.nt. aJld In terti1i.atioa oa 

tb. nutrient ratio. in re.peett ot root .howed that orc .. lo 

... Dd •• nt. tayoure4 narrow.r ratio. in tbe root .. well. 

Addition ot Zn t.nd.d to a.pr ••• the ratio. furtb.r. :ran-
7&rd lIanur. reoord.d the high •• t P/Zn ratio in the a'.ellOe 

ot addition of Zn. But Zn addition tor th. treat.eDt 

brought about aore aarked d.pre.aion ot the ratio. !he 

addition or Zn r.rtili.er on K nutrition ahowed that ~ea 

161 

In tertilia.r was oOllbined with gr .. n .anure t~e E/Za ratio 

tended to wid •• whil. oombination with tal'llyard manur. t~. 

ratio tended to narrow down. Zn applioation al.o intlu..noed 

the Oa/Zn ratio. In the ab •• noe ot ad41tion of In t.rtl1i.er 

Ir •• n aanure .. bow.d tb. lowe.t aDd. the tal'll7ard aanure the 

higbeat ratio.. With progr ••• iy.ly iaer.a.iDe In l.yel., 

tb. ratio deoreas.d and the deerea.e vaa aore pronounoed 

with rarm7ard manure and ultimatel,. at higher l .. ell .t Sa 

tbey bad aore Or le.a .... ratio. Uditioa of za terti1i.er 

tended to widen Mg/Zn ratio when oombined with lree. lI&1l1lft 

while tbe r .... ra •• tteot waa Ob •• rY8d wh .. ooab1 .. e with 

farmyard lIaaur.. J. similar .freot va. ob •• ned tor "Ie/b. 

ratio also. J. notable reatur. wa. tbat botb the oZ'Caa1 • 

.. eDd.ent. reoorded wid.r './In ratio .. ooapared to I".". 

'l'be rner.e vaa bowner true ill ".peot of Mn/ZIl rati •• 

!be 1144ition ot In tertili.er vb at ITer 11&1 'be the ........ . 



lo.ered th. rat 10. tll. et .or.... M1111 •• ft pre....... 1a 

gypaWl. Ou/.zn ratl0 wiet.D.d i. root .. a oou.queDO •• f 

gr •• n .aur. plu.1 Zn oo.bin.loa. 

162 

D. Souro.1 aDd •• tllodl of sl •• f.rti11 •• t10. for 1"1 •• 

Th. growtb and DRtritio. of rio ... iDfl ..... et '1 

etlffer.nt .ouro •• aDd •• thod. of appl10at1 •• of ,. wl~ .arl.tr 

neTaIli al t.at orop w.r •• tudl... Th ..... lJti.al 4ata .f 

loil I .. pl •• and plant ... ,le. aIl4 tll. 'i •• etr1. 4ata noort .. 

are pre •• nted b.low. 

1. Soil aualui, 

!he ph,.lioo-ob •• ioal obar .. t.rlnl •• of tb. 1.1t1.1 &"0~. 

aDd tho •• ooll •• ted at till.rlme aDd hazy •• t ar. pr ••• at" 

iD !abl •• ILIII aDd ILIf r.lp.otiT.l,. 

'lb. In d.fioi.nt loll ( .... alla'l. Za 0.8 p,.) •• plo'_' 

for th. fir.t pba •• wa •• plo;re4. Th. 1.11 )lao • pH .f ".8 
and EO of 0.8 • alao./n. Tb. loll t.n"re 'b.l ..... dl 10_; 

th •• 011 i. well ."p,11.4 "th P au I: '"t ptor 1a ..... 11ul. J. 

!be pH of t'b ••• 11 I.ple at t111erilll r_e4 tr_ 

6.8 to 7." and 10 hom 0.7. to 1 .12 aII •• /_ aDd tll. 41tt.rent 

tr.atm.ntl .,le1.d oa\lled DO appnoia'l •• la .... 1B til •• 'beT. 

Tal"... !b •• tatal of ..,ailalal • ., all4 I .. _11 .. _tOJl' 
/ 

.011lla1. pl". .xoIlUC.allle oa aaet Me ... ui.. "ltJala •• rr aaall 

11111t. la 41ff."llt tnat.ed.. !lI." wu lIu114 ., ,. 1& all 
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tr.at •• llt. 11l01ud1D1 OOlltl'Ol. !h. treat •• at. wJa1_ N •• 1 ... 

• ulpbat. act ablor1d. tom. ot III t.DIt.d to .bow .11I11tl,. 

.llban.4 JIIf:Il oOIl.lltratloll oo.pared to otb.". Tb • • tt." 

t6!) 

011 Zn a.,.ailabilit7 w .. 1I0r. ooupiouou.. Whil. 001l't1'01 

.boweel low a.,.ailabllit7 •• 11 application ot &Il7 tor. .t III 

.Dbanoed tb. mPA .xtraotabl. ZIl. Tb.r. "a. no .uob lDOr .... 

111 a.,.al1a'1. ZIl ill otber treat •• ntl. 

In tb. po.t barY •• t .oil ... pl •• tb.re va. DO appr •• l

ab1. Tariation ~il, diff.r.ai treai •• llt. aD4 tb. JJO i .... 

ioward. a oo •• on .,.a1u. ot 0.7 io 0.9 •• ho./_. !b.r. waa 

d.or .... 11l a.,.ai1abl. I, P aD4 :[ ia all treat •• llt.. !here 

_ •• e pronounoeel oba •• ia tb. liaiu. ot a.,.al1a,a 0., "', 
,. aDd MIl, tb. oOllo.airation ho"..,..r 4ra-tioall,. lo".r" a. 

oo.pared to iill.rlDe phal.. Tber. "u turt'ber tall ot 

a.,.ailabl. Zn In oOllt%'Ol. Applioatioa ot Za In 1Ul7 tOrtl aaI 

'7 an7 •• tbod Ibowed lreat.r Zn a.ailabl1lt7 11l "'b. pon 
lIan •• t loll •• p». ad tb •• tt.ot va •• 01'. pro_un.d 1. 

lalO., In (OS,OOO)2 aDd Z-,(P04)2 ireat •• nil. 

2. PrJ .",., 11.14 aDd au'rl1i., " ,&11Bl. " •• 

!h •• hoot ad 1'001 4r1 .ati.r 11.14 tor "'b. 4itt.,.at 

tr.a •••• as tl1lerl. It •• are prel.nted ill 'ala1. XLT. 

!1I. oo ••• irati •• u4 aptat. 'a"a are tuZ'Jl1.h.' ill !a'ile XIaTI. 

!h. .or. ., ie.rea. ,1'O"'h ot rl0. .. ~11"" tz.e1I ., •• t 

.... ren dr,. •• S".r 71.1d i, •• 4 •• at 'reaSa.nt .. nit •• t 



n.1l at t 111er1llc .t.... '!)ll. trea •• llt reoort" .ho.' &Dt 

root 41'7 .att.r 71.14 ot ..... &114 1." a/pot re.,.otl",.l,. 

!h. total 4ry .atter 71.14 ",arle4 tro. 2.9 to 5.8 ,/pot. 

Tb. h1cb.st shoot 41'7 matt.r 71.1d wa .... oolat •• wltll 

IllEmA .oatl:ag tr.atm.llt. COlltrol alld ZIl(ca,OOO)2 treat ••• ' 

.how.4 ",.ry low .hoot alll root dry utt.r 71.14. 

!h. oono.atratloll ot .. ill aboot ",arl" troll 1 .,' to 

1 .98 per O.llt IDd •• ed .oat teoblliqu. ltotll 11l ZJlEJ)!A aa4 

bSO .. fa..-otlr.4 ooaparatl",.17 higb.r oOllo.lltrati.1l of •• 

!b. N oono.lltratloll ot tb. root w .. 1I0we'f.r oo.parati".17 

1.... Inor .... 4. oont.nt 00 .. blDe4 witb .Dbau_ .1'7 .att.r 

71.14 ".O\lllted tor twotold lnona.. ill If ."at. ... oo.paZ' •• 

to oOllt%'Ol. A. a ,.Il.ral rul. ZIl ten 111. at lOll 1a &Jl7 tOft 

an4 ~7 &Il7 metb04 ta..-oure4 b1gber .,tak. ot I. !Il.r. wu 

ao appr.ola~l. 4Ut.r.no. ill tb. ooao.lltratioll ot P &Il4 I: 

1n .1I00t &Il4 root and uptake dlft.r.no •• r.sult84 4 •• to 

41'1 matt.r 7i.1d ",arlatlou. 

S •• 4 .0akiJII tr.at •• nt teDd" to .bow oo.parat1",.17 

1 ••• Oa ooa •• rrtrat101l ill .boot Md :root. Tb •• "at. ot oa 

"ariel .art.41,. Witb tb •••• pt1oll of Z. <cnr,OOO)2 all 

.th.r 'nanellt. 1'.001"4.4 .ore uptake of Oa tb ..... '11.""1. 
Sa t.rt1118at101l 11l ,.Ileral t&'Yourec1 ,reat.Z' ... ".1.1 •• 

ot life tllall ooat1'01. Bown.Z' ap,11oat101l .t sa, (10.)1 

•• ,1"0 .... tll. '" •• IlO.lltZ'at1.~ ill .1I00t. !1I •• 1ft.r ..... 
~ 

b :root '" o.Il •• lltrati •• ~!f ~ apPfto1U1e. 
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A4dltlon ot Zn t.rtl1l •• r lr.r •• peotlT. of t~ ••• ar •• 

&IlC! lI.th04 t.Dded to 4.or .... ,. oono.ntratl0. in DOot ad 

inorea .. It In root. Tb. oono.ntratioa 4itt.r.n ... oo.lain" 

wltb 4ry .. tt.r yl.14 TariatioH aoooant.d tor 4itt.reno •• 1a 

total 1. uptake whiob Tari.4 troll 2.58 to 5.65 III/POt. !lI.n 

was no appr.oiabl. dittereno. in tll. oono.atratioa of MD. _otll 

In root aDd aboot and uptake 41tterenoe. are attrlbata'bl. to 

dry lIatt.r yi.14 TariatioD. Zlno t.rtili • ..-l0. t.Dt_ to 

4 •• r.a •• Ou oont.nt ot root 'but iUN ... tbe .... ia .It •• t. 

Tbe uptake Taried troll 0.08 to 0.20 as/pot. !be Z ... nt •• 

ot .boot aDd root inorea.ed due to Zn t.rtili.atloD. A 

oo.paretiTely b~h Zn oon •• ntratlon ot atraw rel.i. to 

16-; 

InBD.rA .oak •• tbod 1. a note woriby t.ature. BowYer, tlt. 

oon.atratio. ot In 1. root In tbl. treat.ent wa. O"P ... tiT.17 

1.... 1'11. alaoy. tr.aill.Dt r.oord.d tb. hieN.t total Sa .".t •. 
,. Dry .atS,r U.14 at bm.U 

Total 4ry .atter 71.14 a. _11 .. 11141T14.&1 4r7 _tter 

71.14 ot grain, .traw an4 root tor aob ot tb. trea •• nt. 

illTolT.d are furni.b.d in 'f.'bl. ILl aloBi wltb the r •• alt. 

of .tati.tloa1 ... 1,.1 •• 

a. !ot,* 4r7 ''It.r 71']4 

!h. total dry .att.r yi.14 rug .. tro. 19.2 to 19.' 

,I.,.". Se" ••• klD1 1. 0.1 pv ••• t SamrA ,., "~a laic,.n 
total dry .att.r yle14. !)lie treat •• at, JaoweY.r, ..... paw 
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!DIaI nl'. DRY lIlU!.1l lIBLJ) AS IOWDOD :It SaJlOJI AD 
MftHODS 01' In UPLIOA!IO. 

---~~--~----~~----~-~-~-~~-~~~~~--~--------~---~----!ILLIltIlfl JWtYU! 

!rea't- alt •• ' 100' !.ta1 tra1n Straw .oot '0"a1 
_ent 4_ 4_ 4. 11e14 11e14 4_ 4. 
10. 11.14 71114 11e14 ,Ipot ,Ipot 11e14 11.14 

g/pot ,/pot g/pot ,/pot II," 
~-~-~~-~------~~--~~----~----~~-----~~-~~-~~--~-~-~--

1 2.0 0.9 2.9 '.97 1,.80 2.n 22.50 

2 ., .1 1 .3 4.4 1.40 17.'0 ,.60 28.'0 , ., .7 1 .4 5.1 7.4' 18.0' .,.60 29.06 

4 4.0 1 .6 5.6 7.4' 16.0'5 4.47 27." , 2.0 0.8 2.8 4.0' 12 .40 1 .4' 17.88 

6 '.8 1 .4 , .2 7.00 16.10 , .9' 27.05 

7 , .6 1 ., 4.9 6.77 16.97 ".10 26.84 

8 2 .6 1 .2 ., .8 6." 17.50 2.90 2'.~ 

9 ., .2 1 .4 4.6 6.77 17.01 ".40 27.24 

10 2.9 1 .0 ., .8 6.40 16.47 ., ." 26.80 

11 4 .4 1 .4 5.8 7.7'5 17.4' 4.17 29." 

0.]) • 1.00 1 .71 0.78 2.19 

-~~-~~~--~--~-~--~-~~--~~~-----~~-~~~~-~---.---



1&9 

w1th .011 appllo&tl0. ot ohlorld., .a1pbat. aDI pho.Pbat. 

t01"ll. ot ZIl. Th. appll.tlon ot ZIl(Oa,OOO)! pm •• 4.1."01'10 •• 

aDd Tie14 wu reduo.. .!galtloa.-tl, .... wb.1l ._par" to 

.ellt"l·. .1pp11.atl0. ot ZnDr.1 to .011 ." •• at a. _all a 

40 •• a. 0.5 q/ba oould aocoUllt tor dr, .att.r ,1.14 •• par 

wlth .011 applloatl0. ot •• "er&1 .our ••• ot In at 5 ,,.. 

'It. Graln 71eM 

Tbe Irain 71.14 ruge4 tro. 4.05 to 7.'" I/PO". All 

the la applied treatmellta witb the exo.pilon ot ,a(CB3000)! 

r.corded higher ,ield o".1' oontrol. !rho pero.Dtag. ot iaorou. 

rang.d tro. 7.2 to 29.4. Soaklna ot the ••• 4. 111 ZDEDt.1 

re,l.ter04 the h1&h •• t lurea •• ot 29.4 per O.Dt. !h ••• a

T.ntlonal a.thod. ot ap,110atlon ot ZIl804, laO~ aDd Z.,(104)2 

laT. Ti.14 o. par wlth ZIlD'.r.1. Tile appli.atioa 1.<cm,aOO)! 

o.a •• d a .1I111tloant d.pr ••• loD aad .T.n oOl1trol reoozt .. 

• iel1itloantl, llieh.r 71.14 "he thl. "reat •• nt. 

O. Str.w 71.ld 

fbe .traw y1.1d Tarle4 trft 12.4 to 18.0 ,/pot. I.O~ 

tr.a'hl.u r.00ri.4 the hilh •• t ,1.14 ot 18.0 ,/pot. Sell 

ap,lloation &ad ..... oaki-c •• thod ••• pleJiDl Z-S04 ... 

IJI ... A w. r.oo:r4.. .traw 71.14 .- par wl til 'DOlt "N • ., ... t. 
fll •• tl". 11.14 1.oro". ruge4 1ft. 16 to '0.4 ,.r •• at. 

!la. 0 •• ""1 aa4 Z_(0.,000)2 tna •• _'. 1'000." .1caitl_t17 

lo .. ~ .t~w Ji.14 tlaaa oth.r •• 



I III 

d. Ro01 41Y lI.tt.r 11.14 

!lb. lI.e root dr7 lI.tt.r 71.14 rug!cl troll 1.4 to 4.' 

,/,ot. !)I. In {aa,oOO)2 tr.atll.nt reoord.d tb. low.n 71.14 

of root.. All tb. otb.r tr.at1l.nt •• OW" It.tt.r root crowt1l 

the oontrol. !b. inor .... rue" tro. 7 •• to 55.' p.r o.at. 

Oontrol, la(0&,000)2 and DDr8.r7 f •• 41~ •• tbod reoort •• 

11gn1fioant17 1.11 root 4ry .att.r 71.14 tbe otb.r8. 8.14 

loalcing lI.thodl .lIploye4 in tb •• xperia.nt whiob .0wt4 .0 .... 0 .. 

,ra1a &D4 Itraw 7i.14 allo Ibow.4 root ,rowtb oa par witll .011 

applioation of lulpbat. ohlorid. and pho.phat. torml of Za. 
/ 

AaoDg th. two loaking •• th041 tb •• ft.ot wal IIOr! pronouao" 

tor IDED!A than tor lulphat. fora • 

•• Oon •• atl'.tion aM uptake 0' !!!trien". 

!b. oon •• ntrat1on ancl llutr1.nt uptake in4iYi4ual17 -7 

,raia, .traw ara4 root .. w.ll a. the oo.put" total aptak. ,_, 1 ,~]l.lr 

al ianu.no" '7 tb. dift.r.nt louro.1 &114 •• "11041 .f app11o.tioll 
j 

are pr.l.attd in ,abl.1 ILTI. !h. Itat18tioa1 par_.t.rl for 

,ollpariloa 0 t •• au art allO illd 10at.d • 

a. -!'roc" (!labl. ILTII) 

!b. o,n.,l1trat ioa and ap'.kt of • '7 ,raiD wr. BOt 

iD.tla,II..t4 to an,. .Seait1oant .stnt '7 tb. 41tt.nllt "n ..... a •. 
~11. tll ••• an oono'lI.tratioa .,ari.t troll 1 _'7 to 1 .51 per •• a" 

t]l. 1I.,t" 'Yarl.4 tI'OII 79 to 111 .,/,.". !1I. ,z-aia ."at •• f 
.... ,,)I. )lillI •• t ill. ZDID!A .o.t lI.t1l04. 
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Tb. oont.at of • in .traw Tari., o0B8i4.ra~11 ~. 

0.50 to 0.92 per o.nt. Exo.pti. III dUlt treat.'llt all otb.r 

tr.atment. oaul'd a 11gnifioant iner.al. in Itra .. _ ooao.a

trat ion OY.r oontrol. Tb. inore ... wal .ore pronounoed ia 

'n,(PO.)2' ZDBO., nura.ry f.d, IDSO. 10akiDS and root 4ip 

treatmentl. Zn(Ca,OOO)2 tr.atment al •• fayoure4 lreat.r • 

oonoentration in .traw. ZIlIDf.! .oak metllod a110 .llIIa •• i • 

oontent 11gnif1oant17 if not .. appr.o1a~17 _ tb. MOT • 

•• ntioned treatment.. Tbe •• oono.nt:ratioa 41ff.reDO.I ooupl_ 

w1tb .nhanoed 4ry lIatter 71.ld yalu •• acoount.d for tb. 

11cn1tioant uptake 4itter.no.l. 'lb. Itraw I uptake Tari.ct 

tro. 77 to 1.8 II,/pot. All but Zn dUlt tr.at •• nt reeilt.ret 

l,ign1tioant17 higher If uptake than control. 

The I oontent in root yari.4 tro. 0.56 t. 0.90 per o.at. 

While tb. root • oont.nt Ihow.d an iaor .... du. t. applioatioa 

of ohloride, pholpbate aDd aoetat. to~. of la, the root 

d1pping .ethod, nurs.r, .t •• diDe t.obaiqu an4 UI. o.t IJ'1BD'!A 

oaul.4 a 11cn1tioant 4.oreal •• 

fbI total If uptake rancid 1'ro. 180 to 29 •• /per pot. 

III d\1at and Zn(aa,aoo)2 treatment. r.oord ••• uptate oa par 

witb oontrel. Otber t:reatlDent5 Ibowed 11cnit1oot 1aproT_*' 

• .,.r oOlltrol an4 re.alllM on par witbia tb •••• l ..... 

1t. D"I,!nt (tala1l JI,TII) 

the gra1. P _Del .. trai1 •• ~ .. m. 0.18 to 0.1. 

pel' .. at. !1I • • 1tt.r ••••• .... tl'._'.". we" .... 1cUll .... 
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The uptak. of the .1 •• =, bown.r, diff.red .i&nifioallt17 

and varied troll 10 to 18 III/POt. In, {PO. )2' Ino~. IIlSO •• 

tr.atment. and both the Zn .oaking .etbod. r.oord.d .tsni

tloantly high er uptake than oontrol. 

Tb. oono.ntration of P in straw ruced tro. 0.08 t. 

0.1. per o.nt. Zna~, Zn30., nurs.ry f •• di. aDd Zn dun 

treatments signifioantly d.or ... ed the F oont.nt of .traw .. 

oo.pared to the oontrol. otb.r tr.at.ent. w.re en par wit" 

the oontrol. The uptake of the .l ••• nt rang.d tro. 10 t. 

2. 1Ig /pot. ZnSO 4' zn, (PO 4 ) 2' aile! th e •• akiDg t .obniqu •• 

regi.t.red greater uptake 'Value. tbu Zn (o:a, 000 )2 aDd I. 

du.t. 

Tb. oont.nt of P in tb. root vari.d tro. 0.08 to 0.1. 

per o.nt. Za,(P04)2 treat.ent .bow.d tb. high •• t root P 

oont.nt. The .oaking t.ohnique. whetber it be zasO. or 

ZnED!A oau •• 4 .uob 1 ... root P oonoentration than ZnBO. or 

Zn,(PO.)2 applied to 80il. Tbe uptake of P raged froa 2 to 

6 mg/pot. Addition ot Zn, in general, tend.d to .llhaDO. the 

root uptake of P a. oOllpared to tbe oontrol. 

Tbe .ean total P uptake worked out to '1 to .6 .. /pot 

176 

tor tbe dift.r.nt treat1ll.nt.. Witll th •• _.ption ot Za(0a,000)2 

wlIioh .howed AJl uptake of 22 ag/pot all otber treatlle" •• 1I0w" 

bJ,aher total P uptake OY.r th. 00="1, ib. iDOl' .... _.1. 

aor. pro •• WlOec1 in z-, (PO. )2' *SO. ad Nth th •• ou:u. 

tr.ata.at ... plo,... 



o. Pot .. alua (!able XLVII) 

Tbe oonolDtratloB of I In Brain, atraw and root waa 

not lnfluenoed to &Ily a1g1l1fio&Jlt extent by tbe differet 

treatmenta. Howe?er, tbe uptake ?aried markedly an4 aigni

fioantly on aooo~t of dry matter y1eld ?ar1atloD8. !he 

bigbeat total .. well aa lDd1?1dual uptake was obaerYe4 In 

ZnEDTA. aoak treatment. Control and Zn(os,OOO)2 treatment. 

reoorded low I uptake ?aluea. 

d. Calcium (Table XLVIII) 

177 

Tbe .ean Oa oontent of graln ?aried fro. 0.'6 to 0.45 

per oent aDd tbe uptake ranged tro .. 22 to '2 lIg/pot. Tbe two 

obaractera were not influenoed to any aignifioant erteDt 'b1 

the treat'llent. 11Ipo.ed. The .traw oonoentration ",alue. were 

a180 not different to any 8ignifioant extezrt and re_l_d 

within the limita of 0.52 to 0.6' per oent. Tbe uptake of Oa, 

howe?er, differed .1gnifloantly.Wltb the exoeption of Zn(oa,OOO)Z 

all treatllente fayoured greater uptake of Oa by atraw. !be 

oontent of Ca ln tbe root ?arled fro. 1.~ to 1 ." per oent 

tbe dlfferenoe. between treatment. not being e1gnitloant. 

Tbe uptake of tbe elellent by root in different treatTlent. 

worked out to 19 to 69 'IIg/pot. Tbe oODtrol &D4 ZJl(ca,OOO)2 

treat-eDte reoor4ed a~ifioant11 lower uptake of Oa. 

Tbe total Oa uptake ruced .eiwee. 102 to 195 .. /po'. 

!bere was lnoreaaea total Ca uptake In laS04' I.O~, s.,(PO.)a 

ud/clIl8' treataellt ... oo.pared io tlle OOJRl'Ol. /Zl1 



, , 
• , 
: 
I 
I 
I 

• I 
t ,. 
Ii I .... 
I 
I 
I 
I 

: 
I 
I 

I 
I 
t 
t 

1 , 
I , 
• I 

I 
I 
t 

I 
I 

I~ 
I.", 

1= ! 

t , 
I~ 
I~ 

I:) 

• o .... 

141 
I 

I ., 
I 
I 

fill 

i-1;! W! .-8 
8 

, 
:1 
• ! 

:1 
: I 
I 

I:r.:!:!~ • • • • • 
1II\"'''''''1t\ 
~oco.,., 
-1II\",t-_ 
• • • • • o 0 000 

1II\1'-\Q\OC7\8~~~;~ 
~~r-;~,,: •••••• .... 
~ 

._ ... "It 
",.CD 

"'1t\~"'N"'N 

\ot-ClDt-O\gC7\ 
It\"'N",._t-• • • • • • • • • • • o coo 0000000 

o 
'" N 

o \0 0 
",\D\D 
t-\D\D 

o 

'" '" 
~OS<O~O 
\O!o~C5~ N ___ _ 
--N_N_ 

~~~~~~~ 
"'NNN~it'N 

~~~~S:. 

",_0 
I'-NN 

-
- ... - -

~~~~ 
N - '" -

;!r:~g -
CD ... \O --'" ---... 

... ",,,,OOCO_NNC_ 
NNN"'_NNNN"'N 

~~:~~I~I=!;~~ 
_~",,,,ONN"'N"'\D -----------
IltS~~r.:r.:~~~~:i\ · . . . . . . . . .. . 
00000000000 

O'\C7\t-II\N_It\_"'",t
"' •• "' ... "'''' .... It\ • • • • • • • • • • • 
00000000000 

U'\I'-COcoco COI'-_ClO_O _______ N_NN 

• • • • • • • • • • • 
00000000000 

~~~~gr:~ ------_\OO'\O\O\"'N 
.11\ ... \0_11\ .... 

~:~~;~~ -
.... "'\0111\ 
t-r-.,t-----
---I'-N",OC\lIOt-COr--t-ac 

N"'''''''NNNNNNN 

~N~~.~~~~~~~ 
• •• ••••••• -----------
~~~::i\~:~~~~ 
• • • • • • • • • • • OOOOO()OOOOO 
"'~It\ __ OO~O\NW ......................... "' ... '" • • •• • • • • • • • • 
OOOOOOOO()OO 

• • • • • • • • • • • _N"' ... "'_ ...... "'O .. - -

'" ... 
• -to

'" • o 

'" It\ 
• -
• • • .. 
• .", 
• • 

GO 
N 

11\ 
N 

N 
N 
• wa .. 

w -• o 
N -• o 
• • • .. 

• • • .. 
• 

1ft.) 

• .. 
• 

" .. 
• 

" n 

I 
I 
I 

I 
I 

I 

f 
I 
f 
I , 
I 
t 

I 
I 
f 
I 

I 
I 

I , 
I 
I 

I 
I 
t 
I 

I 
I 
I , 
I 

liR 



179 

e. Magn •• iu.r (Table XLTIII) 

Th. d itt.rent tre.tm.nts i.po_., prodlloect _ ••• rted 

.ariatioa 112 graia MI oono.atration vbiGh Tarie&! tro. 0.15 

112 oontrol to 0.20 per o.nt la ZnEmA. Thl. tread was 

r.fleoted in the uptake •• w.ll whioh •• rle4 fro. " In 

oontrol to 47 JIg/pot ZnEDTA. The .traw "' oOJlo.ntration was 

al.o found to be higher in the pr.s.no. than In the abs.no. 

of Zn. The ntean Mg oono.ntratioa .ignlflo&l1tly inor,a." In 

all .xoept 1n,(P04)2.root dip aDd nurs.ry fee! treat.ent •• 

The inorea •• wa. ooneid.rably high In both th •• oatime •• thod •• 

The Inore •• ed oODOentration of tbe .l ••• nt oo.biDed with 

.nhano.d dry matter yield ha •• oontributect to wld. aDd .igni

floant .arlatlon In Mg uptake. Control reoord.d th. lean 

uptake of 40 'IIg/pot. Thl. Inor.a.ed to 5' to 99 .. /pot 1a 

.arlous treatm.nts. The incr.a.e was s18nl:tloant and oo.par

atl •• 1y high in both the .oaking pro.edure ••• pl.ye4. Th. 

u •• of Zn80
4

, ZnCl2 aDd nur.ery applioatlon •• thod. al.o 

Inor .... d MI uptake .1gnifioantly though aot as appr.ola'1y 

as .oaklng teobniqu ••• 

f. !£!! (Tabl. XLVIII) 

Th. oODO.ntrat10n of I •• ar1.d froa 41 to 106 ,pa. 
Th. eOJlt.nt c1 •• r .... d .1In1f1oaat1y due to th. "s • • t 

ZnO~. root dlp ad znSO •• 0akillS •• tho4.. otJa.r treat •• at. 

w.re .n par with tJa. oolltrol. fJl. l1"ak. Tari" boll 0.2. 

to 0.79 .,/pot. Zn, (PO.)2 ud ZnEm! .oaki •• "-)104. reoart .. 



grea"er aptake, while t1le otber treatment. r .. alnecl o. par 

with oontrol. rhe oon't4mt of 'e In .traw 'Yarlecl fro. 140 

180 

to '90 ppm. Witb tbe ex.eption ot In(0H3000)2 aDd In 4u." 

treat.ent. all tbe other treatment. teDded to aepr •••• tra. 

Fe oonoentration, tbe ettect being .ore pronounced for Z~ • 

• oalcing treat.ent. fhe uptake of Je 'Yar1e. tre. 2.4' t. 

5.84 'fig/pot. U.e of ZnEM!, whetb_ applied to .011 or t'broucb 

aeed .oaklng technique decrea.ed nraw :r. uptake 81g1l1tloant11 

o'Yer the control. Root. ot oontrol tre •• ent oont.l_d. tb. 

highe.t oonoentrat10n ot Fe. Any add1tion of Zn 1rr'.Plo~i'Y' 

ot the fo:t'll and •• thod tend" to dear ••••• light11 it Rot 

.1gnit1oantly th. root F. QODDentration. The oont,nt 'Yari.4 

tro. 1"0 PPI to 2250 ppa. The uptake of the el ••• nt '1 

root 4ittered a1g1l1t10&l1t11. zn,(P04 )2' In 4u.t aDd ••• 4 

.oak1ng 1n Z~A ahowed r,lat1'Yely «reater upt.k •• 

!bere was oonsiderabl ••• riatlon in tot.l I. a,.at •• 

Oontrol reoorc1.d an aptake of 5.69 a,/pot. III 'b"t ZJlD'.fA 

(Soil applloation _ well as aee4 .0akiDl) treatm.nt. w.ft 

on par w1th oontrol. 

I. !!!Can.,. (fabl. XLII) 

The graiR MR OOJlo.ntratioD ftrl.cl tro. 106 ppII to 158 

PPI. b •• pt1D1 root 4ip .,thod ot In applioation. all 8tben 

r •• ord.cl a al1,ht but llo_ignil10ant inor .... ot Craia lIbl 

OOJ1o.ntrat loa. '1'b. uptake ot th. el ... nt 'Yarl.4 tre. 0.10 
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to 1.17 .. /pot. Soil applioation ot znSO •• ZnE~A, zna~ aDd 

le.d loakiDg teobnique •• ploying ZnS0
4 

aDd ZnBD!! reoorded 

e1gnitioantly ,reater uptake 'Yalue. o'Yer the oOJltrol. Straw 

MD oolLOentrat ion rauged tro. 16. to 257 Ppll. Zn012 , Z~ (po 4 )2' 

leed .oakiDg in znSO. and Zn du.t treatmente Ihowed ligai

tioantl'lreat.r MD. oono.ntration thaa the oontrol. !11. R".k. 

ot tbe ele.ent by .tnw 'Yaried troll 2.00 to •• 24 .I/PO~. All 

Zn applied treatmenta ebowed ,re.ter uptak.. Zn(cs,OOO)2 a:a4 

ZBEIYl'A loakins lIethod •• howeel uptake 'Yalue' on par wit1l tb. 

oontrol. Tbe root oODOentration ot MIl 'Yari.d tro. 166 t. 

255 ppm. Soaking of .eede in ZnSO. and 80il appli .. tio. of 

Zn, (PO 4)2 ta'Youred greater root MIl oonoentration. Tbe "",at. 

ot tbe element 'b1 root inoreaeed in all 'but z.(OU,OOO)2 treat

.ent, tbe etteot beiDg more pronounoad in zn,(PO.)2. 

Tbe total Mn uptake ranged fro. '.21 to 6.27 III/POt. 

All the treat.ent. reoorded .or. uptak. tban the oontrol, tb. 

iur.aa. beilll lIore proDounoed in ZnC12 and Zn, (PO. )2 treau •• tl • 

.A.a a •• n.ral ru.le the Zn - MJl lateraotion waa olta.rY.4 to _. 

11ft'l'I i "i •• 

1t. QOPPIE,CTabl. XLIX) 

Tb. ooao.ntratioa ot au 'Yari •• fro. 5.1 ,PI to 10 Pili 

1. ,ra1Jl. All tb. tr.at •• ntl reoor4 .. Ir.at.r OR oo ••• Jltrati.a 

tbu. oolltrol. fbI tllOr .... w.. pro .. ".o" 1. tr ..... _ 

1!I'rol'Y1nc roo", 41ppiBC. -rlt.r1 t • .at. aa4 ZD.'ID'!A (Sell 

appU.at10.) treat •• nt.. !It. ""at., 11 ..... 1'. -.arl •• wltlala 



.. all range ot 0.04 to 0.07 III/POt and wa •• o'-lenltl.ant. 

!b •• tt.ot on .traw au .ono.ntration wa. 3"." t~. r~e~e 
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a. obs.n.d tor grain. Tb. oontrol r.oord.d 10 p"_. All_ .. 

EnEDTA .oaking liar. partioularly pbo.pbat., a •• tat. an. oxi4. 

tara. at In d.or •••• d tbe straw Ou oODt.Dt. Tb. InllDTA aoaki. 

actually register.d iDOrea •• d .tr.w Ou .ono •• tr.tloJl. !be 

uptake at tb •• l ••• nt D7 straw al.o w .. influ.no ••• 1gnltl ... 1:1T 

'by tr.at •• nt .ft.ot. and ranged tro. 0.07 to 0.20 II,/pot. 

an(Oa,OOO)2 r.oord.d tbe least upt.k.. Whil. all other. ahowed 

uptake at au on par witb oontrol, 1t is ZnEDTA whiob .lIow.' 

signitioant illprovellent 1n str.w Cu upt.ke. Tb. Cu OOBt •• " 

ot roots ranged tro. 12 to 50 ppa. In irr •• p.o1:1T. ot the 

t01'll teDd.d to d.or •••• root au oon •• ntr.t10n, ZDEM'.1 tr.a_eat 

r.oording tbe 1 ... t. Tbe OLl uptake by root al •• d ttt.r •• 

• ignitio.nt1y due to treatments and a pronoUIlOe4 d.or .... wa. 

o'bsen" in ZnEDTA and ZI1(C~OOO)2 a. oo.pared to tbe oontrol. 

Tb. total Ou upt.ke Tarled trom 0.15 to 0.'2 .. /pot. 

III (OU,OOO)2 reoorded the lowest, .il. ZnlIDrA tb. hich •• " 

total au aptake. 

1. i!Y. (!aD1. nIX) 

!h. oonoa.trat 10n ot III in ,rain Tarle4 t1"Oa 9 to 17 , ... 

.1,pl10&t10. of III 1rr •• peot1T. of the ton &at an'" at 

app11oatioa .u&I1014 t)a. Za oo ••• atrat10a of pa1Jl. ft. 1 ..... . 

)J.w~.r. _ •. not .1p1t10&1l't lJl III du~t &B4 I~ (PO 4)2 '" .... ,. 



al GOmpared to tbe oontrol. Botb tbe loati. te.lalliCllle • 

.. plo,.4, root dlp metbod aDd 80il applloatl0. of zaSO. &D4 

1.012 treat.enta regi.tered .arked inorea.e. ill graia la 

ooaoentratioa. Zn <Oa,000)2 altbougb a.aooiated witb low 

Iraill and .traw yield oould oau.e a bigher ZD oOIl •• ntratioll 

ill Iraia. !be •• oonc eDt rat ion and dry .atter 4itt.r.Do •• 

lS~ 

r •• ult .. in .arked aDd signitioant uptat. diff.reno... !hu. 

ZnED!.l loakiag method 001114 regi.ter two to tllre.toU .D

banoed Zn uptake than the oontrol. Tbe uptake ot tb •• l •• nt 

by grain ranged from 0.05 to 0.1' mg/pot. Tbe lower 4ry 

matt.r yield oompanaat.d for bilher oonoeDtratl0. ill 

zn(aa,oOO)2 tr.atment and it oould al.o r.giater bieh.r uptat. 

aa oompared to the oontrol. 

Tbe ,traw Zn conoeDtration yari.d troll 9 to 26 p-pa. 

VbateYer be the aouroe and whioheyer be tbe .ethod, appll.atioll 

ot la oau,.d enhanoed atrav In oonteDt. The iDor .... wa., 

bow.Yer, lIorl marked witb tbe u.e of ZIlSO., In012 &D4 ZaEDTA 

loaking metbod. Tbe ooncentration ot tbe el .. eat ill other 

treat.entl ala. inorea.ed 'ligbtlJ and I 19nifioaBt 17. The 

uptake ot tbe el .. lllt 0,"iouI17 yarlecl ooupi.uouI17. It 

.,ariocl hom 0.1' to 0 •• 7 'III/pot ~ All tbe treataent •• howe4 

I.ano.d uptake oyer tbe oentrol. Tbere .. u two to thre.told 

iDoreale4 aptate 1a ZnOl 2 , laSO. aDd ZaID!.l loat .etho ••• 



IS5 

fbe .ean root In 00DOenirat10n tor the 41tt.re. 

tr.at •• nt. oyarie. tro. 22 to 47 ppa. Tbe zn(cm,aOO)2 treat

.ent recorded the b1gbe.t root Zn oollOentration. IJlED.rA 

.oakine lIethod aM root dippiDl in ZIlO .\l.peuion r.oord .. 

tbe l ... t oonoelltratioll of 22 ppm. znSo4, ZnO~ aDd other 

method. tend.d to increa.e the root ZIl ooncentration .11ght17 

tbough not .1gnificantl;y. Tbe re.ult of tbe.e oonOlntrailoa 

41tterenoel wa. tbat whil. IIO.t treat.ent. inorea •• a root In 

uptake, it was Dot true for ZllEmA .0.k1. metbod aDd root 

dip metbod. Tbe mean Zn uptake oyari.d froll 0.07 to 0.17 

mg/pot. 

1'be total uptake of In oy.ri.4 fro. 0.'4 to 1 .42 1IC /pot. 

Oontrol reoorded tbe lea.t upt.ke. Soil applioation ot bS04• 

IDO~ aDd .e.d .0aklDe ln ZnEDTA were a •• ooiated with 1I0re 

tban double tbe uptake •• compared to tbe oontrol. Zn(as,OOO)2 

treatment .bow.d no .ignifioant lIIproY.ent OY.r the oontro1 

aDd lIuob of the .b.orbed Zn wa. oonoentrated in the root. 

I. Oorrelatlon .tu41e. 

The loll aDd plant anal1iioal data oolleot •• tro • 

•••••• third aDlll foarlh ph •••• of tbe ll1Y •• il.ailoa were 

utl11." tor .td71111 the interrelation.bip ... ODC tbe .U~-

.rent ,.:ruet.r. '7 _rkl. out the oorrelati ....... ttloi.ni •• 

8ao~ ot tho •• relatioD8blpa Whloh .howed .tatl.il.al 81ga1-

tl.a •• are pre •• nted in 'abl, L al0. witll 'r t ... al ...... 



recr ••• ion .quatiou. Th. important point. ari.illC out ot 

tb. stud i •• are aa tollow •• 

(i) The r.lati~. oonoentration at sino on .quiTal.~ 

baaia showed signifioant .r.lation.hi~. Th. IlUtri.nt r.tio. 

ot N/Zn, X/Zn, Oa/Zn. 'e/ln, MD/la and Oa/Za ia .traw at 

tillering on equival.nt ba.i. (oono.ntratloa ot DRtrl.nt 

di~id.d by .quivalent w.ight ot r •• p.oti~. IlUtri.at prior 

to workillg out th. ratios) .howed 81gnifioant ncatiT. 

oorr.lation with grain yi.ld. Tbe abo",. ratio. w.re ala. 

related to .traw yield ~alu... Th. n .. ati~. Matioubi, 

in both the 0 .... Bugg •• t. that Zn r.quir".llt iure ... 

witb illor •••• d oono.ntration of I, I, Oa, 7 •• Dd Oa. 

(li) Tbe oono.ntration of Zn In .traw at tilleri11C w •• 

ob.erY.d to ba~ •• ~itioant po.iti~. r.lation.hip witb 4r1 

.atter yie14 ot .traw and root at tilleriDe •• w.ll al lrai., 

Itraw au root dr1 _tter 1ield at bart' • .t. 'fbi. 11111 •• tl 

the gr.at.r li,n1tioanoe of till.ring .traw In oOJlo.Dtr.tio. 

in intlu.noins tb. growth ot rio •• 

(iii) fh. oono.Jltr.tioll of Zn in root at tilleriDS ala. 

Ibowed .!gaitioant po.iti~e r.lationahip with dry utter 

11.14 .t srain .nd .tr.w at ban •• t. !h11l the a.o_t ot 

In .nt.riDg into plaDt upto till.rilll b .. a b.ari. Oil tho 

arowt:ta ot rio.. !bi •• tt.ot )low"er il 4.oi4ec! '7 tllo 

1'01ati",. oono.ntratioD ot other nutrientl iou ill til. 11ft-

ISo 



.. r.y.aled 'b7 tbe .1cnitioant relatiouhip .xi.tine b ....... 

nutri.nt ratio. and 11e14 ot grain, .traw and root a. iui

oat.d .arli.r. 

(iY) Tbe incr.as.d ooncentration of If all4 Mn ill the root 

at tilleriDg tend.d to depre •• tb. oono.Dtration of In in 

.traw at tillering. Tbe pos.ibility ot aore aDd .ore ot III 

g.tting look.4 up ill root with inor .... in • oon •• ntratioa 

of ro ot val reY eal e4 • 

Cy) Tb. relati'Y' iaporiano. of aTailabl. Zn In loll at 

tillering wal w.ll brought out. Signifioant po.itiye r.lation

.hip. w.r. toUlld to .xi.t betw •• n ayailabl. III at till.ri .. 

and th. total and straw 4ry aatt.r 1ield at barY •• t. !ill.riDi 

pha •• syailabl. In allo intluenaed th. nutrition of rio •• 

The grain. aDd Zn oonoentration were po.itiy.l, r.late« to 

tbe .tatu. of ayailable In. Tbe .traw aDd root 1'. oont.nt. 

were fouDd to b. neat iTe11 relat ltd to ayaila'bl. III .tatul 

at t ill.r!Jlc • The .ignifioant Zn-F. antqo1l1_ •• w.ll 

• ., id.noed • Straw and root eOllo.ntrat ion and uptake of ,. 

were ".pr •••• 4 witb illOr"linc Houts of In in th •• ecl10. 
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DIS(USSK)N 



OILlPTER T 

DISOUSSIO. 

Tb. influ.no. of Tari.~i.~ .oil ooDdi~ion., .ouro •• 

and •• ~bod. ot Zn t.~ili.a~ion on ~b. srowtb aDd na~rition 

ot rio ••• re .tudied. The studi •• w.re oarri.d ou~ in tour 

w.ll ".tin." ph •••• Ti •• growth and .iDeraJ. n&ltritioll of 

rioo (i) al influenoed by Tari.ti •• aDd Zn t.rtill.atio. 

(ii) a. influ.no.d bJ .oil oondition. and In t.rtili.ation 

(iii) a. influenoe4 by ... nd.ent. and Zn tortili.atlon i • 

• odio .011 and (iT) a. influenoed by .ouro •• aDd a.~hod. of 

applioat ion ot In. D.t.11e4 laboratory .~ud1 •• w.re a&4. 

to •••••• th. progr ••• iT. ohang •• in th •• Tal1abl1ity of 

maoro and .ioro nutrient •• tbeir oont.nt and uptake b1 r10 •• 

A bri.f 4i.ou •• ion on the .all.nt teature. of ob.er

Tationa i. pre.ented in this Ohapter. 

A. Influenoe ot Zn tertili.ation on the growth aDd aiDer&! 

aatrition ot l.ne~ioal17Tarlabl. po~lar 

rio. Tar1.~i •• of Tail 1&4\1 

In tbi. pb •• e ot tile .tu47 tbe O_par..-iT. 71014 

ltellaTlour aB4 oOllo.ntration .Dd nutri.nt aptake 1Jl re.pen 

ot t.n I.netl.all,. TariQl. rio. Tarl.tl •• (!alal. I) w.n 

.tu41.4. !he .011 r.pro •• nt11l1 I.ft%' •• rl •• (1.1'U'. a.1II_ton) 

Ud ,. ••••• 1111 _47 10 .. t.xt"n aD4 b_iDe 0.8 filii of 
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aTailabl. In wa. '.P10784; ., P205 a. '20 at tb. rat. 

of 120160160 q/ba and four In.1. of Zn (0, 5, 10 aD4 15 ppI) 

were 11Ipo.ed. !be plant e w.re grown up to .aturity aa4 the 

4r7 a.tt.r )'1e1d of grain, .traw and root a. w.11 .. tb. 

oono.ntration aDd uptak. of ditt.r.Dt nutri.nt. w.re 

4.t'1"IIin.4. 

1. Dry .att.r 11.14 

!b. g.netio Tarlabillt)' a.ong Tari.ti.e oau •• d .u_

.tantla1 41ft.r.no •• in tb. total • WIll .. iDd1Ti4ual dzoJ 

a.tter yield of grain, straw and root. Lone daratioD. 

'Tar1.tie. in g.neral pro4uo.4 bigber .traw aDd root dr7 

•• tter 7i.1d. Zn f.rtili •• t1on .uano .. root ,rowtb, .traw 

yield, graiD. produotion aDd total dr7 .att.r. Tbi • • ;tt.ot 

vae, howlTer, oontiD84 to tbe Tariet1 •• IR 8, RP .-1., 

!baTe1, 00 '8, TIJAtJ 1'." aDd TIfAtJ 658 aDd tb •••• a7 'bt 

Gonaid.red a. Zn r •• ponalT. Tari.t1... IJlold.ntal1,. tb ••• 

Tari.ti •• had .itb.r IR 8 or p.ta a. on. ot the par.nt •• 

!b •• oi1 •• ployed oontain.d T.ry low KYa11&bl. In aDd the 
c ~"'".k.- _~ 

/ ad4.d Zn t.rt11ia.ra oould Datural17 De .xpeoted to~re.poDF. 

!h. Ob~'GtiT' oont_plat.d in the .tud7 wu bow the popularl,. 

croWD. ,.D.t1oal1r 'Tarlabl. rio. Tar1.ti •• r.aot to til. Ud.d Zn. 

t.rtilia.r. aDd tb. result. hu. throW1l l1cht .n ,)I. hig]l17 

tol.ru.t nature ot IR 20 aDd 00 '7 aDd the .1c1l1tieaDt 

lIlproy •• nt iJl Craia 1i.14 ot IR 8, RP .-1. a. Bh_aai. 

:Jue4 on tb. 4.,re. ot r,.pOD •• IR 8, ltP 4-14 au aa ... o1 



.ay be ,rouped a. bipl, re.pouiTe, 00 '8, ! • .lU 1,." ..a 

oulture TIU.U 658 a •• eaiUli re.ponaiTe aDd 00 '9, 00 '7. Ilt 20 

aD4 Pcnmi ... Don reapouiTe. The grain 71eld 1I1Ona ••• 

ranged tro'll 20 to 60 per oent in re.pouiTe T&rieti_. Tbo 

tolorant nature ot IR 20 and the .u.oeptlbl1it, of IR 8 

for In dofioiency haTe al.o been ob.erY.4 b7 P ..... p.~a 

and Ca.ro Rllby (19.,,). Tbe .uitability of IR 20 Wld.er Zn 

defioient ooDdition. wa. al.o indioat-' (Anon,aou., 1972). 

A point to note was that the Tariet7 00 '7 whioh .howo' .uob 

le •• total dry matter yield ranc.4 foremo.t In graiB 71014. 

!he .traw and zoot dry aatter y1eld, howeTer w.re oonaid.r

ably le •• than other Tarietie.. In other word. a relat1T.ly 

narrow grain. .traw ratio .xilte4 in thi. Tariety whioll 

appear. to b. a geD.etio potential of tbe Tariety. .lltboucb 

00 '9 and TNAU 658 alllo IIhowed 8uob narrow lrains.traw 

ratio. tbey oould not briDg about noh 71eld be.au.ae of 

.bort duration _tur. of tb. to~er aJI4 poor tiller1Dg ill tbo 

latter. Although the total dry aatter, .traw aII4 reot 4ry 

matter ,ield reTealed a p08itiT. oorrel.loll with grai. 71014 

(Table L) the ... arl.ty 00 '7 appearl to ...... ox.optl.a t. 

the general rule. A point ot IratitloatioJl va. that t)ll. 

Tarioty oould produoe a. muoh cratll yiold undor ,.tioi.DOl 

.onditi ... a ••• dor ."ttloionol ooa4itio ... ucao.tias tbat 

it 1. 140&117 .. lted tor Za 40tioiont .0U. Ilt 20 ala • 

.t004 OB par witb thi. aDd 0 .. '0 oonai'.red to '0 a, ... 



.,,'."l"u,. tor Za 4.tl01.no,. 00l1li1"10". 00 ", rim a. 
al.o noozrd.4 14.lltlo&1 ,.l.U to 00 " &Bel III 20 udozo III 

•• flol.llo,. oOadltlo .. ,.t th.ir ,.i.14 .1c.itl..-tl, 1 .. ~ .. 

tu.rtb.r upoa III t.rtl11 •• tl0.. U 4-14 a1Id lIt' .11 ...... rJ 

poor 71.14 1UI4.r 4.tlol.1107 oolld ltlo .. &lid t •••• t. "lln.r 

pb.ll .. taal lnereaa.4 71.14 cia. to at ... la t.nlll •• r. !)au, 

ill tho approaoll to .axilla. tit. ,.i.U pot.atial .t •• u 
.arl.tl •• like 00 '8, 'IAU 65', II 8, ItP 4-14 -.4 .... aa1/ 

h. t.nl11 •• tl0. will" .t ,re.t u. ••• 

.l 00 .. i4.ratloll ot tb. t*raw 71.14 .roucbt Rt tb. 

taot tbat 10111 4uratloD •• rl.,l •• (00 '8, IR 8 &D4 '.AU "4") 

... ,e.eral Nle produo" h1c)!.r .traw 71.14 •• 0 .. pqte4 t • 

• bort 4uratl0 • .,arl.tl •• (00 ", 00 '7 aDII !.m "a) _t til." 

z. t.rtl1iaatloD oo.lel .DbaDO •• traw 11.14 lrre.,.otl.,. o~ 

tb •••• tl0 •• rla'111t, ot til • .,ari.tie.. !b. zo.1&tl •• 

,raill aael Rzoa" 71.1d .,a1 ••• r ... a1e4 tbat til •• "NV pnt".
i:aI •• 111', 1. an • 'ra. ren.otl •• ot ,ra1. pot .. _ 

&bl11',.. 00'7 tor ... pl. ,"4uo04 _" •• 0' at"" a .. "0' 
,"",b 'ut ."004 to~o.' 1. ,rata Ji.U .. .,ann ~. 
YU1.t, !IAO 1'4" whlol1 ,ftcl"o" .. ar1, .... '1. til. nnw 
7l.l.d •• til.' of 00 '7 but noord.. oalJ .tn, per .... ., 

1 t. ,aia 11.14. !Ja.. l' 1. ..I'll.,. ,.... ,..,.1el.l1ea1 

an1.,1', per o1t ana/willlt .1011 .ouat .".b •• re 'Ja_ 
total an./ .. 1&~t. 



/ 

Tar~.tal di:tf.rellO •• w.re ren.oted ill "11. _0"'" 

of root wei,ht a. wU. A. •• ,ell.ra! rule 10DC 4.l'&t10 • 

... ari.il •• t.nd.d to reoord great.r root weicht tban .lIon 

4ur.tloa .... rl.ti... Za applio.tloD alao broUCht altout 

.Hano.d root ,rowtb and 00na.qu.nt17 the ooaputec! "otal 

19i 

41'1 •• tt.r 11e14 wu 1I0re du. to Zn .ppl10atloa. A. pl.\lI,,1'& 
-k,/~ ~ 

of .... id.no •• haye aoou.ulat.d Oil the b.De:tiolal .tt.ot of 

III on the growth ot 1'10. (Pillai, 1967. Ia4raobal ... 19691 

Bora !1 !!.. 1 977) • 

2. IfutrI'10D 

!b. g.netl0 ... arlablllt1 and Zn t.rtili.atloa broUClit 

about DO arked obang. In graiD, .traw and root .I oono •• tntioJl. 

In oth."_orct. tb. If oono.ntratlon bad 'bftJ1 .aintaill" 1Jl .plt. 

ot .Dbaneed dr7 •• tter yleld. Zn t.rtil1 •• tl0 •• oano.4 "h. 
4ry matter yl.1d and tbi. va. aooompanl.d by .nhano.a • 

uptat.. If.n. (1962) ob •• l"t'.d a ...... re reduotl0. of If 00.

o.ntration in 1'10. plant und.r oonditlo .. of III 4.tioi.D01. 

Ia tb. pre •• nt .tudy the oono.ntratloa aDd uptake of If -, 

graia aad .traw t.nded to lnor.as •• 11cbt1, thollgll .. " 

.lpi:tloant11 ia g.n.ral anel pa"ioular1, 1. lit r •• pou1 .... 

... arl.ile. like IR 8 an4 RP 4-14. Randb ... (19") r.port .. 

• • .tcnifloant iIIprOT ... nt in prot.in ooat_t .f rio. 4 .. t • 

• ppliO&il0. of 5 p~ of Za. 

r ~ ..... 1 .. zalo .. of "'ptolro of P 1lI41T14aall, 11, &Ria, 

.'raw u4 reoi "tb po.ltl .... aM .... t1". latl ..... we" 
) 



r".&1... 'lb. grain P "ptak. "a. iDOr.a.e4 1Jl .ul."l •• 

IP .-1., Bba.ani and IR.S and a n.,ati.e .tt.ot va. aotl0.' 

111 IR 20 at 15 Pili l .. el ot z.. .Applioation ot 15 ppl z. 
4.pr •••• d _traw P uptake in all .arl.tie.. Zn-l anto,onl .. 

i. w.ll lYideno.d by ••• eral worker •• 

Tb. anto,oniatio ett.ot wa. e.14.nt tr_ ""aD 
.alu... Tbere va. inorea.e4 aooullulatlon ot P in root wl'" 

inorea.ing Zn 1 ••• 1.. While tb.r. wa. DO lIarked .tt.ot Oil 

total P uptake tbere wu a tendeao, tor .ore P to ,et 100k.4 

up in root a. a n_u1t ot Zn t.rtl1l.atloa. 

(I nutrltion)wa_ tound to be illd.peD4ent ot .arl.tl •• 

a. w.ll a. Za applloatlon. Tb. uptake ditt.reu •• are 

attributable to dry aatter 71.1d .arlatlou. • ... (1962) 

ob •• 1'Yec! inor.a •• d r: oonoentratlon Wld.r Za 4etioi.1l07 

oondltlou. It lIa,) bow .. erj b. not.4 tbat inor.ued dr7 

aatter 71.14 baa not O&u •• d an1 dl1ution .tteot and t'. 

plant. oou1d d.rl •• tb.ir requir .. ellt 111 tUlle witb tll. 

4ry aatter 71e14. Varlet7 T • .AU 658 r.oord.d tb. bich.n 

,rain Oa oono.ntration, wbi1. IR 20 tbe b1&b •• t .tra" Oa 

oOllo.ntratloJl. Tbe oonoentratlon ditt.reno •• oouple4 vitia 

41"7 aatt.r 71eld .arlatlon aoooant .. tor aarkld .ariatio. 

h total .. well _ 11141.14u&1 uptake ot the el ... nt. !h. 

In ".poui ••• arl.il •• 11ke 00 '8, lR 8, ..... 1 no. 
t.Dde. to &ooa"lat. 1I0re aa ill .traw .. o_p~" to "lI.a. 



III yl .. ot the do.ilUd:iDC WIu.llo. of Oa 011 th. "lu1 • 10• 

of .10r0agtri.llt nutritioll tbi. iDOre •• e of Oa oODOeatra1:io. 

ill .traw a •• a. •• gr.ater .1cDitioanoe aDd a proper Oa/Z. 

rat 10 appear. to haTe a bear1Dg on growtb ad r •• poll_. A 

l!a1gb.r Zll uptake uDder oomitiolUl ot b1cb Oa aooWlala110. 

app.an to be Ileoe •• ary. Th. d081_t1D8 a.t'laeD.oe ot Oa 
4,~ 

111 the ab.orpt1on and trADalooatiOIl of lIior.nutri.nt. baT. 

b •• n ..,ld.noed by ."er.l work.r. (Jotf •• , 19" Ina. &JI4 

Maaaon, 1957). Root. reoorded two to three told lDGr ••••• 

Me oonoentrat10n .. Gompared to gra1n and 8tr.w. Z. t.~1-

11.a1:10. wh1le 1Il8r ... inc Me oonceatration 11l gra11l aD4 

Itraw had a depr ••• inc 1nflueno. 011 root :Mg oono.ntrat1oJl.. 

Increa •• d dry lIatt.r 71.ld on olle )land a.d .aanoed ••• -

oaatr.t1011 on tbe oth.rl!a.Bd re.ulte4 ill iaorea.e4 HI aptat •• 

A •• g.lleral rule Zll re.pen.1 ... e Tar1etie. aDd lODe durat1 •• 

Tar1et1 ••• bowed greater ,r.ta aDd .traw Me uptat •• 

Tbe r. nntritioll ot the rio. plant wal al •• ob •• rY" 
to be 1nflu.nc.d markedly b1 the Tari.tal d1tt.r •••• all4 

ZIl t.rt11laat101l. The .ean re oontent yar1.d troll 104 to 

147 p~ 111 grain, '96 to '76 ppa ill .tra. aD4 1062 to 1 '00 ". 

ill ro01. Jor a!lJ Tar18ty tb. OODO.ntrat1oll Tarl •• 1. tbe 

orel.r root > .traw > ,ra1a. Dry .att.r 71.14 Tariat10. 

oo.pl .. wlilt .no.lltratioJl d1tt.reno •• ro •• lto4 1Jl " .. 14ea'l • 

• ,..at • • 1tt.re..... fll. )a1cl!a."- .ptat. ot 48.4' a./,." ... 
• ' •• rY" 1a 00 ,. u4 tile l ... t aptake ot 1Q.« IIC/,.. 1a 



200 

00 ". Graill •• traw aDd root uptake al ••• arl" UI4 1a 

.aola of" tb. abo •• 00 '8 ruk.4 fir.t. !b ••• uptake .Ut.n •••• 

-1 la. attribut.c! to the i •• rellt 1.Il.tl0 pot •• t1al of tb. 

Tarln1 &Ild dr1 -tt.r 71.14 Tarl.t10... A olear ea.t nlatioll

.blp betw •• 11 Zn and Je wa. al.o ~.ale4. Tb. oOIl •• D.tratio. 

01 J. in Ira1n •• tr.w .nd root 4.01" •••• 4 and tb. 4 •• 1" .... 

•• • 01". pronounoed In .tr.w. Th. int.raotlon .tf.ot 

·Tarl.tl •• x In- va. al.o ••• n 1a re.peot of .traw 7e 0011-

oentratlon. Tbe de.rea •• 111 r •• p.ot ot r. va. pronoano" 

••• 11 wltb addltlon ot 5 p~ In and Dot .0 .ark.d wlth 

furth.r iur.a.. 111 Zn In.l.. Tb. r. uptake 4.ore.... i. 

proportiOD witb tb. oOllo.ntratlon. Bow • .,er, th. h1c1ll 41"7 

.. tter ... ooiatee! wltb Inorta.lme In 1 ... 11 o .. , ... ai •• tb. 

d.or.a.ed Ira1n, .traw .Dd root r. oono.nt1"at10a. Y.t tb. 

4.on •••• w.r. '!gnlt10ant, marglnall, ID IraiD aDd 'IIarnt1,. 

111 .traw and root. The oWiulatl.e rtluli _. tbai tb. iotal 

uptake progre.11 •• 11 and .1gnlfloant11 4.ona •• 4 wltb 

Inorea.1ng III le.,.l.. The t.ot tbat In t.n1111.iloa t.DeI .. 

to 4.orea •• t'b. oonoentrat 1011 of r. 111 ,raill, .traw &IL4 root 

.UCI •• i tb.t botb a)80rptloll aDd tranaloo.tloa ot r. 1. 

inn •• DOed b7 In. Sl.11ar &I1taconl.tl0 .tt.ot. w.r. allO 

report.4 'b7 D.b aD4 ZellUC (1975) aD4 '.nkai •• ubN8&Jl1&11 

aD4 Me'bta (1975). 

Tarl.tal 4itt.r.DO •• &D4 ZIl t.rtl1i •• tloa 'zea,bt 

.'out ohec •• ill Ma autritioD .. _11. !)I. )liP.at MIl 



[M',.yI\ ') 

oou •• tz-atloa In Inia, "ra" aDd reot ".re ._ •• rY" 1a. 

Ia 8, , • .AU 658 aU 00 '9 r •• pecnlT.l,. ..ot •• f aU 

Tul.tl •• Gontailled lI1&h.r JIa .0nooJltntloa tllan &ral. uti 

nra" aD4 1Jl lOBI duratlon Tarl.ti •• the 41ft.nao •• 

2Dl 

narrowed. !h • • tt •• t du. to Za l.y.l. l'eT.al.d a .1I1.rel.t1. 

In-MIl lat.raot lOll. Iraill MIl 00 no.rn rat ion t ••• d to i •• r .... , 

wbil. that ot .tra" d.or .... el ••• re.ult of z. t.nlll •• tio •• 

R.ot .o.t.~ .f Ma va • ..._ iatlu •••• 4 " In t.rtill.atiea. 

!b ••• poiat to the po •• ibl. role ot Zn 1a •• bll1.tac the 

.l •••• t fro •• tr." to root. !be total uptake r ••• iJ&ed .ore 

or 1 ••• the ..... SipitioaDt Tariatioa 1ll 1n4iTi4ual 

uptak.,(baa ooourr.d proy141D1 further .Tid.no. tor the 

,o •• i_1. role ot III ill tb. traulooatioll ot b. 

!h •• tt.ot ot Tari.ti •• aDd ,. t.rtili •• tion oa oa 
llutrit10a roY.al_ the oono.atraiioa aDd uptake of Oa to " 

intlu..noH b7 the ahOY. t.otor.. !b. oOI1O.Dtrai1 •• of 011 

Tui.d fre. 7 to 15 P:S- ia lraia, 15 to '8 ,~ i •• tl'&W ... 

.. 5 to 91 pp. 1a reot. Th. bieb.r 01l oOllo.atratioa 1a &~a, 

.traw ... :roo" wen 0' •• "04 1a II 20, :roDl .... U 4-14 

re.peotinl,. !1I. "~.k. ot tb •• l ••• at Tari .. boll 0.45 

te 2.19 .. /pot, 10" 4"ra1;ion tn •• nli.t.l'i ••• re total 

.. "a" thaa .hort '''I'&tioll Tari.tl ••• · !h •••• "aU .itter

..... are attr1.ta)].e to 4r, _tt.r 1i.14 4itt.nao •• 

o.up1" wltla tll. Tar1&tl •• ill the ooueJdl'lLtloa. !1I."" 

.. "at •• f Oll lao ... u" willi. tllat .t .traw ,,~at •••• ft .... 



2D2 

.. a r •• ult af ZIl t.nili.ation. Tla •• 1tl.at • • tt •• " ".. 

tbat 'lb. total uptake ot Ca wa. .er. a. a "'l.llt ot la 

t.rtili.atioll. Obau4br7.11!!. (19n) and lau.ar 11 al. 

(1976) ab •• rY.d an antaconi.tio .tt.ot ot z. Oil oa u"at •• 

In the pr •• lIlt .tudyal.o tb. 4.pre •• io. V&8 I1Otio.4 _at 

wa. oontiDe4 to .traw. 

!b. g.netio Taria_ilit,. aDd III t.~ili.ati.n -roUl~t 

a'out pronoullo.d .baDl'. in oono.ntration and aptak. of I •• 

!h ••• aa III oo ... atration Tarled tro. 7.2 to 18.9 p'_ fer 

grain, 10.4 to ".0 ppm for .traw aDd '7.9 to 64.9 ,,. La 

root. !hUB tor aa)' Tariet)' root. reoorded two to thfte 

told aor ... ed oOI1O.ntration a. o_pared to ,raiD &III nl'&w. 

The diftereno •• in oono.atratio. b.tw ••• graiD, .. raw aa4 

root narrow.d witb 10. duration Tari.ti... In the alt ..... 

of an7 add.d Z./f.m 1'493 reoorded tb. hieb •• t ,raiD .... 

• traw In oon •• aratioJl wbil. II 20 the hieh •• t root III 

oon •• ntratloll. In applioatloll oau •• d a proeM •• l •• lao1'8'" 

la In oono.ntration of grain, .traw and root. fill ••• _ 

lure ... in oono.Dtration ra ... d tro. 47 t. 80 per •• at 1a 

,rain, '2 to 60 per oent 1a .traw and 10 to 21 per •• nt 1Jl 

"ot. I. tbe .bort duratlon Tari.til. lite o. " ... 
00 '7 there wu no 111 proT ••• t In ,rat. Z. oou •• "rat1 •• , 

wJa U. 1a oth.n aut1a&l t. b 1111 illol'8.... weft .. ,ot. 
Irre.,.ot1T. of t'be Tarin,. z. a,,110at1 •• " ..... t. 



iureal • .traw Za oono.atratioa. la oono.nt1'&tio. of root 

allO iaoreal.eI and tbi. wa •• ore prono".oeel wla_ til. l.nl 

of Za inorea •• eI fro. 10 to 15 P~. II 20, 00 '9, RP 4-14, 

lit 8 aU !N.lU 1'493 r.oor4ed bieber root oou.nt:rati •• tJau 

otber.. II 20 wbioh wa. illol,,4eel WIder .oa "I,.Dli1'. 

,roup .bow4 tb. bip •• t root ZIl oOllo.ntratioa 1a til. a'b ..... 

of &l'l7 ad4e4 Zn and thi. furtber in.Nued "po. a,plioatle. 

ot In. Tbu.1 tb1. 1'ari.ty app.arl to ba1'e aa inlIore.t a'bi11ty 

to a'blorb In .Ore eff10iently tllaD otbel'll. !lae u."ake .t .. 

obYioU.ll , 4iffeftel .inoe tb. elr1 .attor ,1014 1'&1"104. 00'8 

r.oordeel tbe .&Xi.a Zn u.ptake. The ... nitu4e of iureuo 

in tllo uptako of In worked .ut to 70 to 98 per .oat ia ,_la, 

48 to 70 per oent in atraw art.4 27 to 70 per oeat 1a 1'0" .. 
a relult of Zn r.rtililatioll. 

hOil tlle foregoiDi elilou.sion 1 t 11 appareat t)tat 

tbore il bi,b ,eMtio 1'ariabilit,- tOVaNl "lpoDl.I f.~ .. 

fortililati.a. 00'7 aDd I:a 20 w.re fna4 to .... tolorui 

fro ... OBI tlle tell 1'arietie. te.te4 ... are itoaU, I"it" 

f_ the .&rIinall, Za 4efioieni loil t,-pel of i'.be •• rio •• 

I. a,plloatloa will lto holpful 1a inoreaaiDc illo 71.14 

poto.t1al of ••• 11 1'arioti •• 11'11:. lit 8, IP 4-14, _.,_1 

.... !1.tlJ "a. la ap,lloatl0 •• ad a f .... raltl.e tat ... tl.a 

"i ..... III •• tritioa aa4 "" ... a1dl. oft ... o •• 0 ... 

oa •• "1"1 tl0.. I .ptak. wu 4.0Nu04 at lI1cltor 1 ... 1 .t 

sa .. ,10,..._ 



B. Growtb and 1Iineral nutrition ot rioe .. iatlu.ao .. 

-7 .oil oond1tioDa and Zn tertililatioa 

In tbi. pb •• e ot tbe .tU41 tbe progr ••• 1.e obaQIe. 

in a.ailable DRtrient. ia tbe .oil, dry .. tt.r 1ield aa4 

tbe nutrition ot rloe were iDYe.tigated under the influenoe 

of .&r1ing aoil ooadltiona and Zn tertili.atioa. Soil 

oondition •• tudied were no~al .011, oalcar.oua aoil, 

organio satter elU'lobed .oil and .ubaerged aol1 &lid Zn 

treatment. i.po.ed were no Zn, zn~4 aDd ZnEDT4. Th. Za 

reapon.i.e .ariet1 RP 4-14 wa. employed .. tbe test orop. 

1. Soil .tI.141,. 

Th. pH. BO, organio oarbon and O&Oo,.all1ea of tbe 

initial IOU 1"'Ple. were 7.7, 0.62 _hOI/ .. /'. ;, 0.50 per 

Oent aItd 0.14 per oent relp.oti.e17- !'be l8polltl0. ot 

.arlo~. treatment. aDd lnoubaticn tor a perio. ot t.n da,. 

'brougllt about cOll.iderable ohuge. not .1ll1 ill the a'bn. 

properties but alao in the a.a11abilit1 ot plaat Ilutrient •• 

Th. pH ot the .011 d •• rea.ed ill all 'but tb. oaloareou •• oil. 

!bi. sa1 be a.or1bed to tbe aaturati •• 4.e t. t~. tlood1 .. 

o01l41tloaa *lob prft'ailed duriq tbe inoulllatl0. per1 ... 
cls1: .c,,: f~-.~ ;\\-! I 

1'111 ••• 1'1d. to(.",1 the pH toward. 1l.utral1tV Tit. ab ..... 

ot auoh all etteot 111 oaloareo~. loil • ., 'be 411. t. til. 

41 •• 01ut1011 ot OaOo, woll1 teat. to rall. t'be pl. ,~. JI 

1Jl oaloareoul .. 11 r_ai .. 4 great er tbaa 8 4urlB1 all t)a. 



'''ac.'. OllaDClru.karu. (1962) al.o ob',n" iDOrea •• 1a 

pH TalU" dl1, to tb. addtt10a of OaOo,. !urn.r aII4 Olark 

(1956) and Yaalon (1957) ob.erY.d the pH of the oaloanou • 

• 011 to extend up to 8.5. The EO Ta1u., 'ligbtly 1aorea." 

due to organ10 aatt.r enricha.nt a. well a. du. to ,u_-

•• rg.no.. The 1nor •••• d .c1ub111,at101l of '011 001l

.t1tu.nte durlDg the proo.ee of d.ooapo.itioD 111 the 1'omer 

oa.e and Iner.aled aTal1abi1ity ot .oet at the Dutrl.nt. 

due to .ubmergeno. (Ponnamp.rua., 1964) in the latt.r 0 ... 

a1ght hay •• ooount.d for .uoh .tt.ct,. Th. enriea-.at 01' 

tb. eol1 with organio aatter obTiol101y .how.d a higb 01"1&11.10 

o.rbon .tatus, wh11e o.lo.r.ou. 1011 1nor .... d the Oa 

oono.ntration ot the .011 10111t1on. Apart fro. the abOT., 

all .011 .ondit10n •• howed inor •••• d ayal1ab111ty of ., 

P. and MD. The und.lir.ble ,ff.ct ot OaOO, and 1".'1"1 •• 0. 

ia d.prellll1g the aTailabl. Zn Wal all. m.a1M. Jur1aak 
.~·h~· 

/ aDd Tborn. (1955), Slkba1l11dleA_ (1973 ), Ml.ra &D4 Pu4.y 

(1977) baT. a110 1J1.4ioated poor aTal1alt111ty of In 1a 

oaloa:reou., loll due to th. f01'lllation ot 1uo111 .. 1. Oa la02 • 

Jaokaoa (1967), Badraoba1 .. (1969) aDd P ..... p.:raa. (1972) 

o .... rTe4 poor a'Yal1abi11ty ot Zn aDd.r flood •• 00841tlo ... 

'lb •• tlld1., 011 the progr •• ,1T. ohUC.' 1Jl till. 

~al1abl1ity of DRtri.atl r~.a1.4 aa O'Yer.r141a, ~i.rlt7 

of orcaD1 •• att.r .nriohed 8011 OTer otbera. Wit»> till. 



.x •• ptlon ot Ou *0., .. al1.bll1t1 va. ut t.r 41tt.r •• 

tro. other 8011 oon41tlone the .T.llabll1t1 ot .11 other 

mltrlents were .alntalne4 at oo.p.r.ti".l7 1Iich.r 1.".18. 

1'bl •• Dano." .T.ilabl11ty •• , -. .eorlb.4 to "'oth 41n" 
dv 

aDd 11l41reot .tt.cte) )fir.otly In tbe e.u. th.t tho 

oOlUltltu.ntl ot tbe orgeio •• tt.r •• ttlq rel •••• 4 Into 

.011 lolutlon and Indir.ot1y tbe eolubi1il.tioa. oh.latioa 

.Dd •• 1nt.nano. ot aTailab1. natri.nte In the aol1 .olatioa. 

1.1 .. ancl Elabi (195.). Mancl.l (1964). Po_p.ra.a 

(1964). P.triok aDd Mahapatra (1971) h&"f' 0\e8%"Y.4 u. 

illor.a •• ot aTallabl. P dU8 to au_ergeno.. Tb. IDtl •• llO. 

of organl0 aatt.r in lnoreaelng tb •• Tal1.'1. P 1. eol1 

wu "14.no.4 by .n.ral worleerllf (Bl'01Itl.14, 1960 I Chl ..... 

1965 J and Slngh and Patir •• , 1977). Inorau.d a"al1a'111t1 

of f. aM MIl du. to .U.8rg.no. 'W&I lulo&t.d b7 Jae,l aD4 

b ••• ll (19.,,). Maad.l aD4 (ban (1917) alao reoord.d 

Inorea .. ot &"falla'le P du. to eaturat.d .011 001l41tlo ... 

1'be _.114 IlP ot Ie and MD oono.ntratioa wu allo I .. a aDd. 

1Ja taot tb •• aiD 41ft.reno. betw •• n tbla aol1 aDd DOftal 

.011 wa. th. l_ro... In 'e aB4 Mn all4 d.oreaa. ot la .p~ 

tro. .licht inoreal. in p. Oa a1'14 Me. I.arl , 45 to 50 

per •• nt re4uation in the 00_.ntrat1oa ot .'Yal1._1. la ... .,.Ic. of the el •• Dt b7 rio. (Tar. Ja.,a a4 n 19) 

WI ob •• ".4 -7 worlc.ra at BJd.rabad uDc1.r flo04 ...... iti.1UI 



(Anoa,.O"I, 1975 .). !be oaloareou8 8011 Ibow_ 4.pr ••• loa 

ot a."ailaltl. P aDd III 00upiouOUI1,. Tb. inor .... of ,. 

aD4 MIl a'Yallabl1lt1 a. obl,".4 In other loll ooDditio .. 

-I not obI'"" in oaloareoul loil. EIIl1 (1948) reponecl 

cl.or.aled a'Ya11ab11lty ot Za 1n oaroar.oul .011. Bol.ob,~ 

aDd ~ax (1950) obaerY.4 lowering ot a'Yal1abillty ot r. 
ill oaloarloul loil and attributed It to tlxatioa 'b1 oh •• l0.1 

preoipitation. Jurinak aDd Thorn. (1955) ladloated Oall102 
oould b. an iaportant taotor in d.or.a.ing In 101u'bl1lt1 

In oaloar.oul aoil. Saeed and Fox (1976) telt tbe lB)ereat 

bigb pH ot oaloareoua loil to be relponailtle tor 111 

cletioi.n01. Tbe lowered dittueioll ot Zn in oalo.rooul 

1011 due to Inten •• oompetltion b,tw •• n 0& an4 In va. 

ob •• "ecl by Praaad !l.!!. (1976). 

Th. pH obtained at tranlplantina Wal aalntaiDe4 

duriDg turther Itace. ot ll!UIIpliDg. Tb. a'Y.ilabl. I, P and 

I: .t the till,riD« Itage were higber 11l .11 trea'tlleatl .. 

a_pared to the tranaplantiq It.,e ow1ac to JJn tertl11.

atloa 8Bd durl1t8 thl. It.,. the a'Yal1&'b111t7 ot th •• 'IoT. 

_trl.nt. were lIigber in ors.llio utter .u10h" .011. 

!her ••• 1 furth.r 1110re ... ill the ..... lla'bI11ty ot "" MIl 

&ad AU uDd.r .11 loll ooDditloa. InoladtQg oal.areou • 

•• 11. !la. applloat1011 at III 11l elther ton la.n •••• ~h • 

..,.al1a)1. ZIl 1rr •• peot1'Y' ot tb. 1011 0.1I41tlo ... 



In -lOAMOUS so11 &Jl4 lu_erg.4 IOU tb. & ... &11&..,111t7 of 

'a va. oonai4.rablT 1... in the ab •• noe of &44itioa ot Ia. 

San ct •• reu. in Zn a ... ailability 411. to Iu.ere •• " w .. 

alao reoo:rd.d 'b,. Kat,..l (1972), T akan. and Si4b. (1977) 

and Ma.kina (1977). Ponnaaperua (1977) o'blert'.el tbat 

.ulpbid.a, oarbonat •• and pboapbate. torm.d tollow1Dc •• ~

-erg.no. lowered th. ~ailability of Zn. 

Slx !1!!. (1969) ob •• rY.d a po.ltl .... oorrelatlon 

betw •• n olay and organic IIl1tter aDd .... allabl. Zn. Sbarpl ••• 

11!!. (1969) attrlbut.d poor a ... allabillty of Zn at bieb.r 

pH to formatlon of CaZn02 • Pruad.nd Pag.l (1970) regl.t.red 

d.ore •• ed ..... ilabl1ity of Zn with inor •••• el pH .nd aa 

.aturation. 

The applioation of Zn in tbe form ot ZaEDTA oal1." 

.nhanced a ... aiIabl1ity ot Zn both in o.loareoul aol1 aDd 

.ub.erg.a aoil. Thi_ lIay b. a_oribed to tb4 little tixat10n 

ot tbe ohelat. 'b1 01a1 (Wallaoe and Lua1, 1956) aDd .ore 

.tteoti .... _uppl71ng abl1lty Ot tb. oh.lat. at hieber pi &I 

o01lpare4 to InSO. (S.cara. 1 973 ) • IaDc all4 Oko" (197') 

ob •• rY.d cr •• t.r .01l111ty Ot Zn troll ZJlM7.l'A .114.1' flood .. 

ooDdltlou. fh. work ot Pra.ad !1!l. (1976> a1. Howed 

tllat ill. oll.lat •• to1"l 1_ .ore .tt.otl .... 1a '.1DI a'l. t • 

•• p.,17 ib •• l •• nt by O't'.roOlll:q ~t. 11111'illl .t.pe of 

•• lut10a, ••• orptlon all4 d1tta.i.a. 



In tbe po.t h.rYeat so11 •• ple. the •• al1abl11t1 

ot all tbe nutrient. deorea.e4. There WAIl deore •• e 1Jl 

aTailable Pe and inorea.e in ayallable Mn a. oo.pared to 

tbe initial .oil. Tbi. Tariation oan )e &8oribe4 t •• 11gh~ 

ditterenoe. in oxidation-reduotion pot.ntial noraallJ 

enoount.red in rioe oulture. 'enkatuu'br .. ""_ aIl4 Mehta 

(1975) al.o reported suob a pb,nomenon due to .pp1ioation 

ot Zn. A point ot intere.t wa. tbat Zn ..,ailabi1it, va. 

reduoed to a Tery low l'Tel 1n oaloareou. _oil 1n the 

ab.enee of added Zn. Tbe _ubmerg.d .011 .howed an 1nore ... 

at barTe.t atage in available Zn .. en in the ab •• no. of 

01 added Zn. 

2. DrY matter 11'14 

The d1tter.no._ in a011 oonditiolL8 aDd In applioatio. 

brougbt about diff.r.noe. in .hoot and root dry _tt.r 11e14 

at tilleriDg a. w.ll a. at barYe.t. Th. lI.an .hoot IrJ 

aatt.r ,i.ld at tillering .tag. tor normal, oalcar.ou., 

orean10 matt.r .nriobed and .ubllerg.4 .oil. were ' •• 0, 

2.60, ,.60, 2.90 ,/pot r •• p.ot1T.l,. !b. root dr7 •• tt.r 

71.14 ob •• rY.4 were 1.50,0.95.1.50 aDd 1.20 ,/pot 

r •• ,.ot1.e17. !hU8, a .11gbt re4uotio. in the root au 

.hoot ,re,,",'" relatiDe to the oaloaroou8 .oil w ... , •• ".a. 
Ia the ab.eno. of &DJ add_ z~ the oaloareoa. _11 &JIll 

..... ra.d .011 produoed auoh low.r .boot a.. roo~ dr1 .att.r 

71.1d. It .a, b ••• ntioll.4 that 1. the •• two •• 11. 'lae Sa 
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aTal1abl1lt, wal lalted. Tbe additlon of In tertl1iler 

eou14 eU&Iloe tbe dr,. aatter yield In Nth the abo'Y. eal ••• 

!be ueefulDeBI of Zn addition to oa10areoul 8011 waa al •• 

reported ellewbere (Peterson. et al., 1974). 1'1warl!1 11. 
(1976) oblerYed app1ioation of Zn fertilllers to blaok 

loll to be benefioial in InoreaBlug rloe ,.ie14. The plant. 

grown in oaloareoul Boil Ibowed Il1cht 11 d eore ... eel P, I, 

Me, MIl aDd Zn oonoentrat 10n In ahoot and root a. oOllpar" 

to otber loil oonditions aDd tbis was partioularl, •• 1a 

tbe ablenoe of any aided Zn. Tbil .ay be .lor1be4 t. 

enhanoe4 solution oonoentration of O. an4 poor In &Tal1abl1lt,. 

Tbe dominating influenoe of O. 111 the absorptloll ooaples O. 
the utili.ation of other oat10nl wal allo .. 14enoed ), 

Joffee (19'6). In the .blenoo of Zn addition Iu""erse • 

• oil also luffernd. The Ihoot aDd root relatlD1 to lub

.e%'lee! loll reoorded lI1«her oono ent rat 10n ot ,. &D4 MIl 

and 10wr oonoerrtratioll ot Zn _ oo.pared to tllo.e of .0Z'll&l 

.oil. fllul the reduced a •• ilability of In due i. IU-'ezc.no. 

W&I accra'Yat.d furtber by enhano.d a'Yailabilit, aD4 a'blorp

ti •• of :Pe.. J.ooo;rdlDg to Brar and Sekbon (1976) •• ore .... -; 
1. ablorption and translooation of Zn wal partl,. 4u. t. 

1.or.al.4 ooao.ntration of l.. OlIau4br,. &a4 Vall .... (1976) 

al ••• 'ble~e. a oo.petlii'Ye i~lbltl.Jl of le ea Sa a_Ior"loll 

1 ••• 1.tl •• ou1t." .xpert-.ntl.. Z. app11.atloa ua4.r t'. 

aDO'YO •• .alilolll .~anoe4 the a'Yallabl11ty .... aD •• ~lo. 



of tbe ele.ent and t1l11 wal .ore pronoDoed tor tla. 

ollelated tOl'll of Zn. Tbe uptake ot tbe el.ent Tar1e. ):B 

~e with dry .. tter yield d1tterenoel. The 0lWan1 • 

• atter enr10hed .011 Ibowed 0_parat1Tel,. bleller uptake 

ot N, P, I Oa and Me. The .eu Ihoot uvtake wall lIlae 

highe8t 1n organio _atter enrlohed loll ud the leut 1. 

oaloareoul 8011. The .ean root Zn I.1ptake wal alao low 

in oaloareou •• 011 and lub_erged 80il. Th. dry .. tter 

yield d1tterenoe. baYe aoool.lDt.4 tor th. aboTe. lklt 1Jl 
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the ou. of oaloar.01.11 M) 11 aDd "'bII • .rg." 1011 the aTa11aDl. 

In wal 1.1. tbu the oritioal l1ll1t. Altboush 110 ole&1'Out 

defioiency 11IIptOIi. were ob •• ned the dry _atter ,.1014 
'\ 1/ 

went down oonaidera'bl,., perhap. 41.1e to bi4den buncer. 

The 1llY.8tilationa on the total al well _ lD41T14aal 

dr7 _.tter 11eld ot grain, 8'traw and root at aatu1'1t,. re

Tealed tlle outltan41Dg luper1or1t1 of o!'lan10 _tter 

earl.lIed 8011 oYer otller 1011 ooDd1t1ona 111 1».1111 able ... 

produoe the highelt total .1 well .. larJlTldaal dr,. .att.r 

71.lA • Th18 .a1 b. attrl)ut." to "otll d ireot al14 i_iren 

..... t1"1 wliloll tOllow orlan10 .att.r ... 41tl0.. !1I. diren 

ette"l lnolu4e po.111»1. It~otu.ral .od1t10&tl... ... 

"1 .... ot extra ,lut utr1e.l. &Il4 !lid 1not ette.t. 

lao1a4. prelo .. e ... trl •• t ••• 11.)111t,. eBba ..... i~~.l •• 

.... .. .. 111 •• "1.. ot JUltrie1li. 1. tll. .011-plaDt .,..t_. 
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Soh.t. (19") .howed tbe obel.ting .~ilit1 of ora .. 1 • 

•• tter and Brown (1 g58) .'b.ened th.t apart t~ 1Bfl ••• o1DC 

tbe llT.ilabilit, of autrient. orceio .att.r .1 •• reCR1.t .. 

the ooao.ntratioa of .ioroZUltrient. in plant.. Th. 

t.rtUity "al"e ot o%'laniO .atter ha. ~ ••• iadioa"" 1t7 

.n.ral worker. (Un .. 'buoparah. 1973, Balla, 1974, ...... 

1974) • 

In the prea.nt .tud7 alao a c01Iparati"e17 hiper 

fertility ea"il"ODlIlnt .. a r'l"lt ot organio .att.r a44itioJl 

i8 e"id.nt aoco.pani.d 'b7 .nhanc.d oono.lltratioll aad "pt.k. 

ot nutri.nt. both at tilllring and .atur1t7 ph •••• .la tar 

.. Za ".ilab111ty i8 oonolrllld .nlit. oal.ano". aDl •• 'b

•• rg.4 .oil ooDditioDa tbe addition of orcaDio aatter 

enhanoed aT.ilabilit,. l"ln in tbe a'ba.no. of M4.4 'a, a. 

an,. a44itio. of Zn tend.d to O&U81 furtber iaorea... fh •• , 

plaat. srowa in orcanio II atter enriohed .oil .n~e7" 

oOliparatiTe17 'bItter nutritional ellTir_ •• t in til ... 'bi.nt 

•• il .01"t10.. !hu. in tbi. aoil ooDdit10. «r.ta, atr.w 

&lid root dr7 _tt.r H,!at.red ia.r ..... of the ord.r of 

40. 29 &114 56 per o.at a8 oOlipared to 80.mal .. 11. 

Applioation of In in either form a1thouch calla.' .Bbaa." 
ay.11abilit7 of the .l ••• at th.re waa .0 fUrth.r .ppr •• tabl. 

la.r •••• in dry .atter )1.114 •• _par.' to 110 In treat •• at. 

A alllilar ... "aa alao oba,".4 ia .omal a011 •• n III 



fertili.ation enhanoe4 a'Yaila.le ZIl ill .oil .at u l .. rou. 

In 4ry .. tter yield re.u1ted. Tbe yie14 of grain •• traw 
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&ad root dry matter yi.ld was .ignifioantly le •• in oaloareou. 

aDd .ub.erged aoil in the ab.enoe of addod Zn. Zn appli

oation to tbeae aoil. whether it _e ore .. io or illoreanio, 

brought about appr.oiab1e inorea.o i. yi.ld of graiD aDd 

.traw. Suoh inor .... in the dry .atter yield was al.o 

reoorded by Skoog (1940). He attributed this efteot to the 

direot i'llflu.noe ot Zn on the quantity of auxill. .l .ore 

b.nefioial efteot of ZDIDT.l in inoroa.inc grain, .traw &ad 

root dry matter yield va. ob.erYed in the pr •• ont .tud,. 

Tbe .ore etteoti'Ye nature ot ZnEMA. in Zn .upplyi. ability 

.. oo.pared to ZnSO 4 va. al.o ob.ened b7 Secan (1 g." ) • 

Rlcawhary !.1 !L. (1970) reported euanoed dith.loa 

ot ZI1 In .011 oa addition at 1171.1. In oaloare.u. eol1 al •• 

ZJlIIJ!.l .howed additional id'Yantage in reepe.t of atraw 4r1 

_tter yie14. GaDlwar and .MaJUl (1972) r.portel 'e-Za aII4 

MD-Ia ant .... i .. aDd .inoe there waa greater _ul14 up ot 

.al1abl1lty ot le and MIl it 1. re .. ou.lt1e to e%}eot .. 

l~iDltloa o. 11l0Zlallio Z. added uDder .ui.erBed aol1. 

Xallinta a1l4 jDdo (1"8) obaerr.4 1a t1l.1r •• latio. 

oultar •• xperl ••• t a coneiderable re4aotloD i. Za & •• or"l •• 

4 •• t. ia.reaocl MIl oo .... iratl... Clte1.ted ton .t Sa 

preN)17 " .. 1 •••••• oeptlil. tor •• oll all 111'.raotl0.. ft1. 
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•• tLlrther oOnfirmed ill the present experillellt 117 the 

enhanoed ayailability of the ele.ent when applied •• 

ohelat ed fON. 
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A oonaideration of ohaff peroentage r .. ealed that 

relatiYely higher peroentage of ohatt va. a.so01ated vitia 

.ull.erged .oil in the absenoe of ally added In. The per

oentage ob.ened was 24.6 a. againat 11., aDd 16.4 per oent 

for ZnS0
4 

and ZnEm.l respeatiYel,.. Thu. Zn applioaiioa in 

either tOrtl va. of partioular adyant .. e in th1 •• 011 001l

dition In deorea8ing ohaff peroent.,e and inoreasiDe drJ 

.atter yield, a feature not so oonspiouous i. other .oil 

oollditiou. Thi. suggest. tbat it i. a que.tion ot eJlsJlle 

aotiylty and tranalooation whioh It.it the graiD 71e14 

under .ub •• rged soil oondition aDd added Zn oould int1~e •• e 

the abOTe phe.oaenoll. bidenoes tor the role of ZIl ill 

ens,.e s1St .. (Wal1aoe, 1962) va. reported earlier. It .a, 

lie added that the total dry aatter produoed wa. noi .uOla 

difterent i. normal, oalcareous aDd su __ erged .oil aa4 it 

i. a que.tioa ot their relatiye distribution ~io)a aooounted 

tor ,r.in 71e14 ditfereDoe. (:rig.4). 

It toll ... tram the alloye that I. iertl1i •• iie. 

broUCbt ab.ut lIe.eiloial effect. ID leDeral &ad ille ett.et. 

wor. aore pre.o .... a ill oalOaNo •• aJl4 ." •• 111" •• 11. Ia 

tb •••• 011 ooa41tio .. 40 to 45 per oe.t 1.orea ... ,rau JieU 



aa4 oo_14erable "4110t iOIl ill ohat't peroellt .. e were broucltt Z 1 fi 
about 4ue to Zil teril11 .. tioll. III D01'llal .oil aJl4 1 ••• 11 

eDriobe4 witb organio aatter tbe 4ry .atter 7ie14 wal ao", 

intlaenoe4 to allY .1cllitioant extent. Witb tbe .x.eption 

ot Ilomal aoil tbere val enballOed root growtll dl1e to the 

ad4ition of ZIl f.rtili.er wbetller it val organi. or i.-

01'lanio fol."ll. The applioation ot 'botb tOl'lll of Zn. parti

oular17 ollel.ted tOl'll, oau.ed a aarked reduotion in tb. 

ohatf percentage. '1'hl. brought to light tbe taot ot lIew 

tbe add.d ZIl oould bring about benetioial etteota uad.r 

ooDd itiona whioh limit ita lIYailability. The 10weriDC ot 

aTaiablllty ot Zn dl1e to the tormatioD ot ilUlolubl. 

oarbon lit e ot ZIl (Ud 0 !!. !!.. 1 970 and Sik:b&l'\lli4... 1 9" ) 

due to a4,orptioll (laTrot and RaT1kO'Y1toh. 1971). due to 

to.l'llat10D of OaZIl02 (Miara and Pandey. 1977), low.riDS ot 

dit:ruaioll (hua4 !1 ~., 1 976) 111 oaloar.oul loll w.re well 

e.tabli,beel. III the pre. eDt ,tud,. alao tlle i.pact ot added 

OaOO, ill deprol.lns tlle aTa11ab11it7 at a4d •• ZIl waa w.ll 

m.aleel. Tlie applioat1all ot ZIl to oaloareou •• 011 _roacllt 

about l.tt10ient Zn aOlloelltrat1all ill .pit. ot the teDdeao, 

tor tlnt10.. .AdditioD ot ID at al bigll a 40 •• ot 5 ppa 

to tb. oaloareou. '011 oould rell'ter auob 1... lnare ... 

1a .. al1a_l11t, _ oo.pared to tbe DO"al '011. ..,.."111 ••• 

tlte r10e plall" •• ltow.d ooaa14er<able eabaDOe. , ...... alatl0. 

alI4 .ptate "haa oODtrol. !lIe obelated tOft of III a)a.wet 

Ireater .. ai1&b111t1 o4.r all .011 ooD41ti.u. Altho\ICla 



·., .-: "1" ,.,,.'" , f} 

the "ORnt ot In a4~e4 i. ne,l1gibl, .. all a. 00.~4 to 

inorgauio tOft, yet it a'Ppeare~ oon.14erably effioilll:t 1a 

aatataining a fairly appreoiable oonoentration of Zn 1a 

.olution aa~ faTouring greater .obility aDd uptake '7 the 

plant. ThuB ohelate~ fo~ enjoy.d bett.r diffU.ioa, l •••• r 

a4.orption, greater ablorption and eU1 tr&Jlllooatioa "it1l1. 

tbe plant. 

,. Illtti t io. 

Th. aitrogen oonoentration aDd uptake were gr.ater 

In plant. grown in organio .atter .nriched 80il .T.n 4ur~ 

tbe tilleri:nc pba8e of the orop in tune with tbe euaDOed 

aTailability of tbe nutrient in tbe loil. The ban •• t It ... 

• traw an4 root in tbis 80i1 oondition registered bigber OOB

oeniratioD and uptake of N than other .oil oonditloaa. Z. 

applioation bad no influence on If oonoentration ot .traw aa4 

root but, bowaTer, tended to slight1, and .!gnitloaBtl, 

l1'1ore"e the If oonoentration ot grai.. The tcrtal ad IDdiYi4ual 

uptake ot If b1 eraln, .traw an~ root were highe.t ill thl1 •• 11 

ooJlc!itioll in proportion witb the dry _tter ;r1eU. !b. total 

•• ptan ~i4 not Tar, .uoh due to Za fertl11Ia"loa. !b •• 

Dutrition Ibow.d .ore or le •• a .t.ilar patter.a 1 ... r.al 

•• 11 a. _U. Ia oaloareou ••• il tbe nnw Iltowee 1 •••• 

•••••• tr.t loa • ...pared to orcal. ..tt.r .ul.lIed ... 

n •• ra" •• il 00 .. ltl0.. Za &"li •• t 10. tea4 •• to i ....... 



. ., 

• oODoentratiol'l, but tbe Itflot w .. ooJ1fiud to atraw aDd 

root. It .ay be .entloned that Zn applioatloll ill either 
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tOr'll to oaloareoul aol1 Inoreuecl the graiD. 71e14. Btlt, 

howlver, the enhanoed grain yield bad Dot oaul" an1 411utio. 

etteot on • oonoentration .1 compared to oontrol luggeatina 

that tber. bal been more N mobililatioa to grain Oil aooouat 

of Zn tertiliaatioll. A similar trend and .:rplaaatioJl alao 

bold good for lubmerged aoil. !huI, irrelpeotive of tbe 10il 

oondition there I.ems to be a definite role of Zn Oil I 

nutrition. !he benefioial effeot of Zn In inoraaling tbe 

energyvalu.. of grain va. reported by 'rhorap8on!1 !!.(1962) 

and Dwlvedl and RaDdhawa (1973) • 

• either tb. soil aoDditiona for Zn applioatloa bro",bt 

about any a1gnlfioant difterenoe 11'1 grain ID4 root P oon

oentration. The uptake differeno.a oan De attributed to dr1 

utter yield d itt.ranoe.. Tbe F oontent of artraw Ihowed 

tbe trend of au.bmerged loi1 > organio lIatter enriohed aoU > 
normal 80i1 > oaloaraouB 80il. It •• 1 be •• ntio.ld that 

tbe a".i1ability of P in the above aol1 ooDditloD8 tollow 

ai.llar trend. Burel aDd John (1948) ebaaned tbat ill ....... 
A-,,-

Oa oODOentrat101l reneated -eA-10w P a"l.11&b111t1. Tbe Za-P 

1nt eraot in w&. touad to be nOD exll" ent • Tbe lev.1 of 5 n
III .. pl01e4 perhaPi val Ilot 8utfioient eaougb to prGd.oe 

&&1 app~oia'll aatacoaiatio etteot with P. 



2IS 
A. ill the oa •• ot ~ th. ,raill X oOllo'lltratioa was aot 

1I111uelloe4 by .oil ooDditioDa .. well a. ZIl tertili.aiio •• 

Enriohm.nt ot th •• oil with organio matter oau •• 4 ehll&l1004 

.traw and root [oollo.ntratioll. Th. higher a .. ailability ot 

ihe .l ••• nt oau •• d by r.l .... of K tro. added ,r •• n 1 ..... 
~,'~ 

and that troll .oil due to .nhanoed di •• olution lIay ~ ooa-

tribut.d to the abo .. e. Th. &4d.4 ,re.n lea .. e. apart tl'1t1l 
/ 

dir.otly oontributing it. own ti •• u. I .a1 b. expeoted .0 
bring 1I0re K into 80il .olution. '!hi. i. IlUpporied 'b1 tll. 

taot that the .tatu. of ... ai1&bl. I was oo.parati ... l, .ore 

ill organio utter enriohed loil than in otb.n. Thu., 

inor •••• d oonoentration oombin.d with eDbanced dry mati.r 

yield acoouai.d tor two to three told inor.a ••• "piake. 

Another taot brought to light i. tb. impaot 011 I ab.or"io. 

brougbt about in oaloareou •• oil. Concentratio. and uptake 

in .traw aDd root were lea.t in thi. 80il ooDditioa &D4 Oa 
~ 

.... , to illbibit I absorption. Although th. &Y&1la)i11t1 

ot K was not limiting. the presenc. ot inoreue4 Oa 1I1d.ret 

absorption. .l similar .tt.ot of .nhano.d Oa oo •• ntratio. 

in soll solutioll to 4.crea •• K aooumulltio. 1a the pI .. , 

was al.o report.d )1' Ihan and Hauon (1957). !he .".e1'l04 

loll oOllditlol1 aDd normal •• thodl ot rioe oulture •••• ,. 

b ... e no appreoiable dittereno. in the .atter ot I: Dlltritio •• 

I.liber the lonoeatratioa nor tbe uptak!; wheiher it " 11'&ia, 

atraw or root .lIowed any appreoial:ta 4itterenoe llDIer "la. 
I 



abo ...... id oollditioll8. A oOD.id.ration at tbe etteot ot 

Zn terti1i.ation revealed tbe abs.no. at any appreoiable 

.tteot on K oonoentration. Tbe uptake dittereno.s ob •• rY.4 

oan b. attributed to dry matter yield ditt.reno ••• 

Oa10areous loi1 aDc! soil enriobed with organio aatt.r 

sbow.d bigber a ... ai1abi1ity at Oa. Tbe di •• olution ot added 

OaOo, in tbe tormer aDc! eolubili.ation at 10il Oa duriDa 

tb. proo ••• at d.oompo.ition in tbe latt.r baT. oontributed 

219 

to tb. abOY.. Tbese ditt.r.no •• iD aT.ilability bue Dot 

altered tbe Oa oonoentration at grain and root. fbe Oa oon

o.ntration ot etraw wa., bow ..... r,low in Dorma1 .oi1 .. oo.pared 

to otber soil ooDdition.. Tb. sp.oifioity of gr.ater Oa 

oono.ntration oonfining to straw i. ot .peoial .ilnitioano. 

in .. iew ot tbe doainatiDg infiueno. of Oa in .obili.i .. 

nutriente, partiou1arly mioronutrient.. Zn f.rtili.atio. 

al.o tended to enhanoe 0& oonoentration of Itraw. 

Patbak !t!!. (1975) a180 obe.rY.d inorea •• d In supply 

to r,lult ln bigb.r Oa oont.nt. It may perhap. 'b. due t. 

tb. ,. •• ibl. int.raotlon of Oa and Zn lana resultine in the 

tonatio. of Odn0
2

• It 1 •• upport.d by the tut that root 

aM nraw oontalDed .or. ZD and Oa .. oompared to sraill. 

All,. (1917), B.nnett aDd O •• rt.w.t, (1940) atat.d 

that the •• 10 .. 818 ot plant. WAI ... 0011$.4 wlt~ t~. 



ph78101ocl0.1 rol. ot O. witbin th. pl.nt. Th. tot.l apt.t. 

ot the .l ••• nt w •• lIore in orsanio •• tt.r tr •• t.d aol1 In 

tun. with drYllatt.r 7i.ld. In all 0 •••• 1t 1. the drJ 

•• tter ,1.1d tb.t haa oontr1buted to the ditter.noe. i. 

u.pt.k •• 

Th •• tudi •• on Me nu.tritlon rn.al.d tb •• tr.w aDI 

root oono.Dtration ot the .l .... nt to b. enh.noed '))7 lree. 

manure treatment and Zn t.rtili.ation. Tb. inor ••• e in Me 

oontent ot .tr.w in .plte ot inor •••• in dry .. tter 71e14 

.a • result ot the .bove treatm.nt point to eDh.noed .blor

ption ot the el .... nt. The relative h1&her av.i1&bi11", ot 

tbe el .. ent und.r tb. above 80il oondition .,ooot84 tor the 

.bove. The oontribut 10n ot Me by organi. lIatter .nd .ab

lIe_e4 oondition w.re .1so tound to operat.. Tbe net re.lt 

va. tbat both oontent and uptake ot tb. element inGre.a" 

in the a'bOY. treatment. Further added In tertili •• " abowe4 

• synergiatio .tt.ot. Tbe inhibiting .tt •• t ot Oa on 'Me 

abaorption was however obserYe4 in oaloareous 80il aa4 
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perhaps the 1 ... 1 ot avai1ab1. Ca build up 1. otber aoil 

oondition. vaa not auftioient enough to att.ot the MI Da"ritioa. 

BYen in oa10areoua aoi1 us. ot ZnElYr.l brought aboat •• b.t_t1&1 

iur .... in Me oontent tIlrther ooDfi1'lli'DI poai"i.e IDMc 1I1t.l"-

aotio .. . 

!h. 1ntlu.n. ot aol1 ooBditl.a aDd III t."ili •• tl.a 

.a h _triti.a app.ared to b. ot lreat.r .1c1l1fl ..... '11 .. 



other.. !he aTailablll t7 ot thl. el.eat w. tOll_ "0 1M 

ooulclerab17 111gb lm.peotlTe .t .011 ooDdltloa &lid III 

app110atl.D. The ooul tloD. ot rioe oulture liIloh In'folTH 

.atllrat ion to tloodlng taToured sreater bul1c1 up ot ,. 

ooaoentratlon In the loll 101utloD. Enrlob.eDt ot tile loll 

wltb organio •• tter and lub.ereed 10il •• u •• d .a.~tiTe17 

hilher ....,.il.billty than otherl. aaloareoul loll reoori., 

tbe le .. t oODoentratlon ot tb. e1 .. ent la graiD aDd root. 

fbla ma, be .Iorlbed to botb tbe lpooUl0 aDd 110n-ape.ltl • 

• tteot ot Oa OD 7, absorption. HaD41., It al. (1965) 

obI. ned aDtagolliatl0 etteot ot Oa UpOI1 }Pe uptak.. ZD 

.pp110.t10D d.ore ••• d the oonoeDtratlon ot ,. In ,rain. 
Itraw lad root aDd tbl1 val 1I0re pronouno.d in Itraw &JUt 

root an4 .ore .0 wi tb ZJlED!A.. 

aewitt (1949) .b.en.4 antagon1atio relatioullip of 

la with ,. in the proc ••• ot abaorptlon aDd traDalooatt.a 

alth01llh DO Tal.nol ollaDIe 1. a •• ooiat84 with ozi4att •• -

reduotion. R.di.ke u4 114dulph (1953) .otioed .Dbao.' 
.obilltl of 'e Wb,D tbe tiaaue leT.l of In va. th. love.t. 

:LiDSle !l. 11. (1963) aDd .Adriano J1!!. (1971) al •• repon" 

mutual ant .. oni_ between P. and. In. Further .. ideno ... 

prOTid •• 'b, the wort of Tiwari It 11. (197'). 

'.na.tuubd1laa1U aDd M.llta (197') ''''.'rY" ••• n .... 

... &11a ... l11t7 of ,. 4u. to tile applloatioD ot S. 1a tll.u-

ia __ tie. espeill.at. Botll 1. &D4 In 1nterte" v1tla "b. 
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/ 

a .... orption ot .aoh other. Ro •• ll aDd Ulriob (1964) au 

! ; aDd Uff1Jl (1962) aleo ob .. "...a "" 111111\11 tiOll 81l 

7. oono.ntration ot plant •• 

!he MD nutrition reveal.d that th.r. wa. depre •• ion 

on .hoot and root oono.ntration ot the el ... nt in oaloareou • 

• oil at tillering. Applio.tion ot Zn t.vour.d lreater 

oono.ntration ot Mn in shoot and a d.or .... in root. At 

.. turity the tr.nd turther wid.n.d and o.loareous .oil 

t.nd.d to .how low.r oono.ntration ot the .l ••• nt 1a ,rain, 

.traw and root. The MIl oontent ot grain and straw inor.a .. d 

while that in root d.or •••• d du. to applioation ot In. fhe 

oono.ntration ditt.r.no.s and dr1 .att.r 7i.ld varlatiou 

were r •• ponsibl. tor uptake ditt.r.no.s, whioh w .. near17 

twio. in organio aatter .nrioh.d SOil. Th. us. ot Zn 

t.rtilis.rs haa Dot oau •• d wob ditt.r.no. aDd appeared to 

b. tavouriag great.r tran.looation ot Mn tro. root to .boot. 

It aay b ••• ntione4 that in th. tirst phae, ot the experl.ent 

a si.ilar .tt.ot was ob.erY,d. 

As ob •• rY.d in the oa •• or 7. the root •• oataiae4 
c;r.,~,\ 

,reat.r oOIlO.ntration ot 0'11 than .traw aDd ~ irrea,.otiT' 

ot the .011 oondltio.. Th. ett.ot ot .oil .oDaitl0. aa4 

la applioation on au oODOentratioD was ooatiaed to zo.-. 

As 111 ll1e oa •• witb .. n1 other nutrient./.oil .arioll" "ltla 

ezs&Dio .atter aDd aub.ere.d aoil ooDdition taToared ,re.t.~ 



Ou oODOeDtratlon 11l tlle root 1A adclltioa to re.alJtJ.ac 

parallel 1a respe.t ot graln aDd straw OR oontent wlt~ 
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otller so11 ooDditlona. Applioation ot in in elth.r to~ 

teDd" to deor.a.e Ou oonoentrat ion ot root. Til. Ou oon1lent 

ot grain and .traw lnor.a •• d whl1e that ln root 4.orea." 

ill normal .011 a. a result ot Zn applioation. It was 

o~ •• rYecI that the total Ou uptake r •• aln.4 wore or 1 ••• 

the .... wheth.r Zn wa. appli.d Or not. How.Ter. applioation 

ot in t.nd.d to inor.as. th. Ou oontent ot grain aad straw 

and deor.aa. it in tbe root. This .ugg •• ts t·b. po •• ible 

influenoe ot Zn on trane10oation ot Ou trom th. root to 
I 

A./ 

straw aDd grain. Row.Ter, tbere ~ eTid.no. for straq 

d.pr.ssion on Ou uptake 'b1 Zn (Kanaar !1 ~ .• 1976). P.rII.,. 

tb. leT.l of In employed in the pr ••• nt .xp.rim.nt waa not 

sutfioi.nt to exeroi •• it. antagonistio .tt.ot. The za-Qa 

ant .. onl .. howver, was not •• en uDd.r oth.r so11 oeB411110n. 

P.rlla,. the oo.,lexll18 agents ln organl0 _tter eul.h .. 

8011 rel.ased clurimg deoompoaition and .. han.eel Oa ...... -

tratloa 1a oa1oareoas and auD.erged soil preY.Dte4 "7 

possl)le 1Iranalooating ett.ct ot ZIl by inaotl ... atl •• 1tlll.r 

In or OU. !be uptake waa tbe bigb.n ill 01'1 .. 10 .atter 

.rariohecl .011 and tb. lea.t in oaloareoua aol1. 

!he iD1lu.no. ot Boil oonditione &Bel In t.~111Bati •• 

• n In BRtritio • • t riO ... auaed gr.at.r .1 .. ltl ..... t~ .. 

o"lIe.l'.. W1tll tbe baoqroUDII ot root a.4 aboot o ..... tl'&"l •• 



2?' ... "t 

ot Zn at tillerinc lad tbat ot grain, .traw aDd root .t 

aaturity it va. obviou. that the normal .oil .. d orlaai. 

matter enriobed .oil showed better aTailability ot the ele •• nt, 

eTen in tb. ab.eno. ot an,. addition ot Zn. HoweT.r, III 

applioation inor.a.ed tb. aTailabilit,. of Zn and t.proTed 

tbe oonoentration of Zn in plant botb at tilleriDg at barY.at 

.tage •• Tbe signifioant influeno. ot Zn in oaloareou •• oi1 

and .ub.erg.d .oil wa. wen brougbt out. In tbe ••• no. ot 

anyadd.d Zn/tbe aTailability ot Zn in tbe.e two .oil • 

• uttered 1I08t and tbe ooncentration aDd uptake ot Zn .t 

till.ring and 1Iaturity were oonaiderably low. Tbi •• a7 'b. 

aeoribed to low availability ot Zn. Applioation ot z. 1 • 

• 1tber torm to tb ••• 10118 t.nded to enhano. tbe 8Yailabilit;r 

of Zn and i. turn i.prOTed the conoentration 1114 uptake ot 

tbe element in plant both at tillering and aaturitJ. 

A,.ond (1972) ob.erYed tbe applioatl0. ot ZD to tlo04e4 

loll to inorea •• tbe oono •• tration and aptalt. ot t~ •• 1 .. eat 

b7 riO.. Tiwari It.!!. (1976) oblened inGrea." Zn leTel. 

to inor •••• In oontent relard.l ••• of :Pe leTel.. !b.y ob •• rYe. 

10wen oonoentr.tion of Zn in rioe uDder waterlog" ooa-

4itioDa witbout In applioation and iliore .. e in upt.k. upon 

In .ppllo_tioa. BOWTer, GaDgwar aD4 Mann (1972) eb •• rYe. 

h1cher apt.lte of Zn bJ rioe in floode4 .oil ceD4itlo .. the 

.t field oapaoit;r_ 



,~ ••• ore.a. 1n .T.11ab111ty. oon ••• trat10 .... 

Rpt.a 1n o.loar.oua .011 •• y b •• aor1beel to 1Ilore .... oa 
001l •• utrat101l 1n aoil aolut10n wb10h t.n4 to pre01p1t.t. 

In 10na.. III au1II.rs.4 8011 .part fro. 1I10re.... O. aT.11.

b11ity .nh.nced ,. oon •• ntrat10a of aoil 101ut101l al .. 
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• 00.ullt.d tor r.4uo.d In .T.ilabi11ty and uptake "b1 r1 ... 

80_"1.1) tb •• bOT. ant&loniltio .tt.ot ot o. aa4 f. Oil 

.T.11&1»111t7.n4 upt.k. ot la 'by rio. wu not ob •• rY ...... 11 

oh.lat.d tOrtl ot 111 wu .ppli •• to .011. Perau.ab17 o~.1.t.4 

I. oould OT.roO •• the rat. 11.1ttns at.pI ot pr •• 1p1t.t10. 

aDd. iII.obilia.t101l 111 aoil/plant ayat... Th. orean1. _tt.r 

.nr10b.4 1011 reoorded ~. bigb.at In uptake 1rr •• paot1T •• , 

tb. t.ot wb.ther In 1 •• pp11.4 or not. In tb •• ba.llo. 01 "1 

added In oaloar.oue eoil an4 aub •• ra.. a011 abow.4 ... parat1T.17 

1 ••• upt.k.. Tbe uptake oonai4.rably irJpro'YecI due to ..... 

In t.rti11.era ('1g. 5). 

4. 11\111&1.;1 90p"ntm10, .t gtri •• ill nl.t1oa " M 

!~ •• tu4i •• on th. inflll.llo. of a011 001141'10" &at 

la I.rt11ia.t1on oa r.latiT. e,\liTal.ut ooneoDtrat1.a ot •• r1-

0". au'r1euta 111 nlat10n t. Zn I."' •• Ti4 •• 0. tor tla. taToar-

.)1. zoe1. p1&, •• 1»1 la lertilia.r. Ia th ....... 01 

".1'10 •• , In t.rt111 •• r tb. r.tiol w.n w14.r aDA Sa 

.ppll •• 'loa in .1 'ber tara t ••• 4 '0 JlU'rOW 40wa t~. "'1 •• 

la .1..., 01 'b. ua.'lT •• 1,.il1.ant r.1&tioub1, .xi.'iJaI 
_.tw ... the nutrl.zn :ratl0. &DIl ,"ia &JI4 at". 11.1. (!a'b1. I.) 



"~1 •• tt.ot ot In oa the nu"rieat ratio .. _u.e. ,rea".r 

1IIportaao.. !be narrowiDI ot tbe rati •• 1Jl .o.t 0 .... re.ultecL 

clu. to enhanoed aocUlIulation ot Zn .. a oon •• qu.a •• of 

adclec1 In t.nili_er. Per_u.ably .nhanoed oono.ntratloa ot 

nutrI.nt. warranted enhanced aooWlulatloa ot Zn .. vell a. 

~ .xerol.eJ.-th.ir full influenoe on lrowtb &D4 pb1.iol.,loal 

funot 10na • In oth erwor4. inor.a_iDe oonoentrat ion ot .utrl.llt 

el.ent. illOrea.ed tbe Zn requirement Gt rioe. (Jaqwar aDA 

Mann (1971) .tudie. the etteot Gn ~e/zn and MaIZn ratiG. at 

tin •• a 4a18 intenel darinc early _t .... ot rioe ,rowt~ aDt 

0'b •• ".4 bi,b.r dr1 .atter yi.ld tG be ... Goiat •• wltb narrow!' 

ratiG. e.p.oially ul14er tlooded oonditione. 

In r •• peot Gt root, Zn applioation bad tb. oppo.lt • 

• rt.ot ot wid.ning tbe ratiG_ in leDera! aDd this w ... ore 

aark.d with ZnBmA. !he u.e ot znS04 tended to 4.orea •• tb. 

ratio in N.peot ot Mg. ~e and MIl. Thi_ .treat .a1 'b • 

.. orlb.4 to both lnorea.ed aobili_ation .t tb. BRtrl.nt tro. 

root to .hoot .. well d.oreased ab.orp'ioJl. due to aat .. oal."l • 

• tt.ot. !hl_ 1. furth.r eT14.no.4 'b1 the tao" that the 

ooao.ntratl.a ot tb •• l •• eai. like ., P, 1:, Oa aDd III t.l14 .. 

to lnore ... while that ot Me, ,. &114 MIl t.D4.cl t. 4 •• rea •• 

clu. to IJl t.rtl1l.atl01l.. !he aboT •• tu4i •• iD4iO&t.« tllat 

apart t~ III oont.llt at !I. the "la"l ... 00"'11.,,_,,10. of 

othe llutrl.llt. a1.0 1. ot paraltount 1IIporiano •• 



O. 11u Ilutrltlon of rlM ill .0410 .011 .. ln1'lu.Il ••• ~7 

.. end.ont. aDd .11l0 tortilia.tioa 

!ho influonoo 0 t ol'lanio aIl4 inorlul0 •• d •• n". Oil 

the In nutrltion of 1(00 ill .04io .011 wu lm •• tl,." .. 11l 

thi. pbuo of tbo .tudy. .l non-•• lino o.lo.r.ou •• 04io .oU 

h .... iq pH and BO ... aluo. of 8.95 aDd 0.42 • aho./OII aB4 .P 
of 24 wu o.ployed ancl III 8 wa. rai.ed •• tho t •• t oro,. 

Tb •• t.tu. ot .... al1.bl. nutriont. 1a the .011 at tranaplant

iDS, tilleri. and matur1t,. at .. o. ot .rop ,rowih au dr,. 

•• tt.r 1iOld, oonoontratlon ancl uptake of plant llutr1ent. 

lDd1 ... 14ually in ,rain, .traw and root w.re d.t.mlned. !h • 

... 1I4110nt ... ployed wore ,,-paUli, fam-yaM .aDGre &JI4 ,n •• 

lIaaure •• oh oo.biDed wltb four 10 ... 01. ot In (0, 2.5, 5.0 aDd 

1. Soil Queli •• 

Tit. 1011 ana11llil ro .... al.d that t'h. iIloorpoatio • • t 

... Dd •• nt. and tbeir inoub.tlon tor t ••• a,.. .ould 'rtQa 

about oh .... ill pi, JC and ..... al1a)1. nutrl.nt.. n. pi 

cloona.ed fro. 8.9 to 8.1 ln '1'1'.". tr.a •• at aJlll thl ••• 

Dot tll. oa.o wlth tazm-1ard .&nUN a124 ,ree •• &1I.ura. !b. 

lDOraa •• d .... al1abl11t1 ot plant Dutri.ntl p&rtleular17 W, 

P, I, Po, MIl u.4 III w.re notl0.. 1Jl t&1'll-1&" .... re .. t 

,n •• __ zoe .. 404 treattl.nt.. Ru ••• l &JIll Sl.1iJt1 (1952) 

alao ._ •• ~ •• that 8441t101l ot t~-J&~ .... zoe ... ~a 

..• , - (' 

......... I) 



.amare lncrea •• 4 the aval1abl1lt, ot natrl.nt.. 'hl •• a, _. 

&8orlb .. to the rel .... of natrl.nt. fro. the ad ••• _1Id •• nt. 

u •• 11 .. tro. the .011 dur1Dc the proo ••• ot 4.0_,0.1,10 •• 

!h. aDal,.l. ot fal'll-7&r4 aanure and Ir •• n aU"re a.. tor 

the .xp.rim.nt al.o r.v.al.d, that th ••• oonta1ne4 oon.14.r

a'bl ... ount ot nutr1ent.. 'rh. tlaft-,ard .anun .ontalned 

948 ppa IPe, 76 Pf8 MD, 12 PPi Zn aDd '.8 PPI au. !h. Iln10 141& 

u.ed oontaln.4 212 ppa P., 52 P18 Nn. '2 P18 ZIl aDd 6.5 ,,. 

Cu.. !b. anal181s ot .011 •• pl •• at till.rlDe aDd han •• t 

.t .... alao rev.alec! a 00.parat1v.l, hieb.r a .. al1ab111t, of 

Ilutri ent. due to treat.ent w1 th orgallla •• D4 •• nt.. n. 
aTal1a'bl. Ou al1c}!tl, 4.area •• 4 in ta1'll-1&1'4 .&nure a. 

ooapar.. 'to I".". and Ir.en lIan"r. 't"aU.nil.. !hu. la.na .. 

or 4 •• rea •• ia aTa1lab111t1 ot au ••••• to d.p.n4 oa the 

nature ot the ol'lan1a .atter. Para-,ar4 .anure penapa 

re.l.t •• 1I0re au .n".r1l2C into .olutlon b1 tomi. luolultl.e 

•• pl.x, wh11. Ir.eD manure t.D4.4 ta oau •• an iIlon ... 1a 

avalla_l. Ou throup ab.latloll. Tb1.", alao It. &"1'1_ .... 

to the pi r •• uot ion in In.u. treat •• nt aDd rele ... of ,. 

oolltain_ ill the •• IId •• nt it •• lt ill t1l e oth.n. 

Applloatioa of III inor.aaec! the aYailab1. la &D4 th. 

laona ••• u lI.iIlta1Jle4 1;1Iro1ll1l0u1; th. oro, '1'0'-11. b. "11 • 

.... • f ,1' •••• anar. th.re ... turth.r illore ... of _ailalale 

sa at tl11.rl .. at ... ill til. III a,p11 •• trea" •• llt.. ft. 

_'laatloa ot 1ft ..... are u4 Sa wu .ore fayo.ra_l. tel' 



.aint&1nins a higher In a?ailabilit,. thaa oo._taatio. of 

an witll tam-;rard .aDllre or IY'P.UII. It .a7 b ••• ntio." 
6'> 

that oontrpenial ?i.w. ha? 'b •••• xpr •••• d 1a lit.N.t\lft 

a. to tll. pos.ibl. roll ot organio aatt.r in i1lflU'IlOiDI 

a".ilab1. In. Th. a?ai1ab1. Zn t.Dd.d to d.orea •• with n.... ad th i. va. 1I0re pronolUloe4 in ,,.,.u. treat •• nt. 

In tll. ab •• DO. o:t lIDy add.d .In I th. 1 • .,..1 of a.,.&11&'l. J. 

deore ••• d to the point ot detioi.no1. Work." at 

Philippin •• (Anonlllou., 1969) IDld (atyal (1972 > ob •• n.d 

that added organo aatt.r to loil. with hiclt pH d.pre •••• 

the In .?aila'bilit,.. !he,. attribut.d this to the tomatio. 

ot .f\llTio aoi4 (:Randh.wa aDd Broadb.nt. 1965) with low 

.tabi1it,. oonatant (Sohnit •• r and Sldnn.r, 1966> an4 du. to 

iDoni1i •• tion of Z11 'b,. d.ooapo.iDe baot.ria. JU1apoh&D4 

11 11. (1977) oOllpared the dithio.o:na .xtraotabl. Zn .. 

&:tt •• tact b7 4itt.rent ... nd.ent. 1Jl • hiPl, 1I04io .,i1 ara4 

ob •• rY.d loweat In in plot. with Al2(SO.>, ad 11P8Ua .Dd 

hilll •• t in plot. treatee! wi t1l pr •••• ud and t.1"IIL-,arcI .anare c

• 

2. Dal .'tv n.1d. 

!h. a"lioat10n ot creea .&Dare to the _odio _oil 

proy •• t. b. aore ban.tioial and ,001l01lioal. 'flIi. trea •• at 

rea l • t .rect ,raiJa aad atraw 1i.14 iure •••• ot 2' &D4 2' ~ 

.... oy.:r Inna aDd 6 u4 1. per O.llt !nona... 0 .... 1' taft

JU4 •• 11U'O trea •• nt. liP •• t root c1rJ _tt.:r 11.14 ... 

• 111 •••• 001&t •• wlt' tbi. tnat •• llt. ft. oo .... t14 'otal 



4r7 •• tt.r 71.1d wu 25 per o.nt .or. tbM .neD aD! 

l' p.r oent .ore iban t&rll-1U'4 lIanure. !bul )otb th. 

organ10 ".MII.ntl .pp.ar to proY14. a .uob ta ... ourabl. 11011 

.n1roma.nt ill 10410 1011. tor r10' Irowtb. !b1. 111 luppone4 

b7 the taot tllat the a ... a11ab111t1 of plant nutr1.ntl wal 

oo.parat1 ... e17 b.tt.r in th ••• oa.'1 al oo.pared to ,YPsa •• 

In app11oat10n broucht about ,ra1n and .traw 71.14 1aore .... 

ot 27 an4 19 per oent over oontro1. Root dr1 .. tt.r a1.0 

lunu.d 1111bt11 but not a1cn1!ioant11. In tb. ab •• no. ot 

01 added In tUtl-,ard .aaure aDd gre.n manure ahowed bett.r 

,raln and Itraw 1i.1d o ... er gyp.us (J1,. 7). 

Fr.lad !1!!.. (1976) indioat.d that organl0 ... u.ent. 

aDd oh.1.ted In tertl1i •• r. w.re .ore ett.otl .... than eo1ub1. 

In •• 1tl In all .... latlD1 Zn d.tiol.n01. Additlon ot In eTen 

at 2.5 Ppi 1eTe1 broucht abOllt enhano.d 1'1.14 ad thl1 Wal 

more pronoun.e4 in ,re.n manure treat •• nt. In otber-0I'4I) 

th. graln aDd Itraw 11.ld oba.rY.4 ln ,ypew. p1uI Z. oo.~l

natlon wu obl.rY.d In ,r •• n manure tr.at •• nt e ..... wlthout 

aIl7 &44e4 lB. n. addl tlon ot Zn furth.r w14.ned. the 71eU 

41tter.DO. b.twe.n ,nlUil and gr .. n .anu.re tr .. t •• nt.. . !)lu. 

,r.en .anur. pl •• In .0.b1natlon .a1 ~. OOD81d.~4 •• ~.tt.r 

.ul,.4 than ,n.u. p1uI Zll. :ra~-,..rd .oare .1_ r.eoJld •• 

4r1 •• tt.r 11e14 •• par wlth ,re.n .allUN ill the .' •• DOe of 

&87 &44ed Zn but III ad4itlon oou1d not prOT' to b ... 11.811 



Uyut,,'Oll. a. i' 414 wi til In,n .an,,". ~"i_a I,.I' 

(1 963) reOOllll'D4,4 applioation of 5 t/ba of 11P'u aDd 

5000 Irclba of gr •• n manure for .0410 .011. of !u~o.re. 

Dargan 11!!. (1976) .tu4i,4 th' ,ff,ot of 1~'\lIl, 

f&1"ll-yaft muure aDd Zn on rio. 7i.14. in .04io .oil ... 

found 50 t Iba of .tal'll-JUd manure to liY' parall.l 7i.14. 

to tbat of applioation of .5 kc per heotare of InSO •• 

,. lutrition 

!h. iny •• tigation on I nutrition rIy.aled tbe bilb •• t 

total. uptake to b. a •• ooiated with ·,r •• n .aBare pl •• 2.5 

p.- In" tr.ata.n,. Thi. tr.at •• n, reoorded on17 1, •• reo" 

and .hoot 1 oonoentration at till.ri. a. 00.pare4 to 17P.

owtag to the 4ilution .tt.ot on aooount ot inorea •• d 41'7 

aatt.r 7i,14. At .atur1t1 grain aM root I oono.fttratlon 

weI" not tar 41ft.r.nt in this treat ••• with otJa.1'8 'but 

.traw oono.ntrat iOIl was .'1'.. !bll. .nha •• 4 ,raJa 71.14 

wltll parall.l I oofto.ntratioll a1l4 .man .. 4 "raw ,.1.14 wl"l1 

inor.a •••• oono.ntration w.r. primaril,. re.ponai'l. for t_. 
lIieh •• t I aptat.. In appli .. tion fayoured Ir .. t.r I oono.a

t:ratioll in root au .)loet at til1.r1111 a. w.ll u la p-a1:a 

at •• turlt7. !lIi • • tt •• , ot Zll in inoreui. Ira18 • OOlloeD-

trat10. wu o'b •• n.' tor all tll. tllre ............ plo,.... 
')11. aaJ,.at. that III h .... fla1t. 1nfla.llol .a ••• t._.l1 .. 

ad .• obil1.at1... Th. rol. of III .... tallol •• ". tor a 
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nU'b.r ot anhJdra •••• 4.hydro,.nu.I aDd prot.inaa.1 wal 

.yidenoed by Volle. and Waoker (1970). 

hZSPM 1Illl'lur. tr.atment reoorded the higbelt P uptake 

by r.giltering bigher oonoentration ot the el.ent in crain 

and Itraw. Singh and Pati Ram (1977) ob •• "ed .or. P uptake 

wlJh ta~ard manure. Tbe availabilit y ot P wal oomparatiy.1y 

greater when P wal applied along witb ol'ganio ameDd •• nt. a. 

oompar.d to gypIWl. ebbabra et al. (1976) obserY.d reduotion --
ot ayailable P a. a result ot re4uotion in pH in lodio .oil 

due to applioation ot amend.ent.. Tb. total uptake ot P waa 

not .ignitioaDtly d itterent tor d itt.rent sino 1 ... 11. 

How.ver .... 11 and Ulrioh (1964) indioat.d Zn to inore ... P 

uti1i.ation by itl .tfect on P .etaboli... The Zn-P int.r

aotion was tound t. b. operating in grain. Tb. r.duoti.n in 

P oonc.ntration in grain W&I oounteraoted by .nballOe4 oo .... t

ration ot P in root. Tb. tal'l»f&rd lIanure •• nd •• nt oeuld 
$~t~ 

ott •• t tbi •• tt.ot and grain P oonoentration r .. ained parallel 

in all In 1_e1.. It il again tbe indireot ben.tioial .tten 

ot tbil ... nd •• nt Wbiob probably oould k •• p down t~. aotiYit7 

ot tbo •• iDt.raoting witb P .obililation by luppl71DC .uit&bl. 

oh.lating/oompl.xiDi lub.tano.l. 

!b. root aDd .hoot ~ oonoentration at till.riftS were 

not in!lu.IlO.4 b1 tr.at.entl aDd the uptak. 41ttereao ..... 

b. attrlbute. to dry .atter yleld 4itt.reao.l. At maturity. 



bieb.r I uptake wa. a •• ooiat.d with o~aDio ... Dim.Bt •• 

!hi •• a1 be due to th. enhano.4 initial aTaila_le I 4ue t. 

acld.d .end.ent.. Th. oonoentration at x: in grain and. .traw 

were not influenoed to any signitioant .xtent by ... IId •• nt •• 

Gr.en aanur. oaused greater I ooncentration and uptake in 

root. Zn f.rtilisation tend.d to ahow no int.raction wit. 

I aDd tbe uptake ditt.r.no. oan be attribut.d to dry .att.r 

yi.14 Tariat iona. Thu., th.re va. no pronouno.d .tt.ot at 

treat.ent. on K nutrition. HowITer, it may be •• ntioned that 

the oono.ntration and uptake ot ( were oOllparatiTely le •• in 

sodio .oi1 81 a general rule. 

Tb. total Oa uptake wu again bigb •• t in gre.ll .anure 

tr.atB.nt. Tbi. treat.ent sbowed tbe lealt 0011O,l1tr&tioll aJI4 

uptak. in sboot and root at ti11.riDg. At lIaturity. bow ... r, 

tbi. tr.at.ent reoorded the highe.t uptake Whioh va •• &tnly 

contribut.d by grain. The oonoentration and uptake w.re lion 

ill grain, .traw aDd root in thi. treat.ent. Tb. uail&bilit7 

of Oa va. oonliderab1y high in all tr.atB.nt. and tb. uptake 

differ.no.a w.re oau.ed by dry .atter 1i • ld 4iffer.no.l. 

!ber. val i:nor .... d total Oa uptake due to Zn &,plio&tl0. a1I4 . 
agaln thia bal aril.n due to dry •• tter 71e14 Tartatie .. 

ratber than oODOentration d lfterenoe.. Th. tr .. belltl 111,01 •• 

boweY.r, prod"oed a pronounoed ll1paot on Me Jlutritioa. D. 

I'&'UI of &.&i1&bl. Me vaa oouid.reb1y 1I1c1l in all 'rea.eatl. 



2
,. , 
.i ~ 

Gr •• n _&Rare appl10at10n taTour.d h1lb.r oono.ntratio. &D4 

uptak. 01 Me in .hoot and zoot at till.r1.. Tb •• uanoed 

dry .. ttar 11.14 aDd i.or .... 4 Me Gono.atration ... u. ••• o~ 

iaportanoe in Ti •• ot 010 •• r.lat10n.blp ot Me .it~ photo

.ynth.tl0 apparatu.. At till.ring,Zft applioat10. al.o 

18Yourab11 interaoted and Mg oonoentrat1oa 1. both aboot aDd 

root tended to inor.a... Thua, tbe .yD..rgi.tio etteet ot I. 

0. MI nutrition oba.rYe" in the earlier pb .... 01 the .tu41 

w .. ob •• rY.4 in a04io .oil .. w.ll. 

Burro .. aDd G ... on (1960) ob •• n"d autual ooap1111e.tu1 

ett •• t. of Zn aDd ~ du. to .1.1lar1t1 ot 10B10 .1.... !~ • 

..... rall .tteot .u tbat botb gre.oaBur. aDd t&l'llf&N _au.n 

.b .... Ireater total uptake ot Me tban ,,.,. .. 11l ",une w1tb 

4ry .atter 71e14. 

Whil. tbe .eDd •• nta had no d 1ff.rent ial 1nf1" •• oe 

on tb. oono ent rat 10n ot ,. 1n grain aDd root tllere w .. 

lnor.a.e in .traw ,. oODOentration. Tb. orca10 ... Dd-eut. 

rell.t.r.t )l1&b.r .ptalt. tban gypaWl. Int.raotion ot orsanio 

aatt.r wi,,)1 f. thrench ob.lation in the toftler .... &114 Oa-" 

.ataco• l _ in the l.tter 0". are priJIar111 rea poui1tl. tor 

th •• bOY. pb.n •• Don. in applioation t.Dd.4 to 4.ore ... 

10 oODOentratlon ill grain, atraw aDd root. hob 40pre •• 1111 

ett •• t ot , ••• J •• ono_tr.tl •• wu al.o ...... n .. '7 • ..,ual 

worhr ••• 41.0 ••• 04 i ••• rli.r _..... Tb. ll".k. 
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ditt.r.no •• oan b. attribut.d to dry .att.r 71.ld dltt.r.ao ••• 

!b. ph.nom.nal role ot ol'l&11io &IIendll.nt. ill .l1baaoi 'ItC ,. 

uptake aJld tbe .ttect ot In tertili.ation iJl 4.orea.illl tlt. 

aptat. w.re re~ealed e~en at tbe tillering .tag •• 

Tbe lIangane.e nutrition was fouDd to be not appr.olaltl, 

influenoed by botb _endllent. and Zn tertili.atioa ill .ocll • 

• oil in .pite of differeno •• in a~ailability ia .oil. Tb. 

uptake difterenoe. may be a.orib.d to dr111att.r yie14 

4ift.r.no... It ma1 be lIentioned that in the .arlier Ph .... 

ot tbe .tudl al.o tb. t.nd.ncy on tbe part ot Za t.rtl11 •• "10. 

to .nhano. Mn oonoentration in grain and .traw &1ld 4.o"a •• 

ot oonoentrat ion In root were ob.erY.4. In tb. pre ••• " 

pla ... al.o oOllo.ntration of MD. in grain •• tr.w aDd root 

r •• ained par.llel in .pite of inor •••• in dry .att.r 71.14 

ditt.reno •• on aooount ot Zn t.rtili •• tioD aDd tb. a' •• ao. 

ot dilutloll .tt.ot poillt to the taot tbat In ta~oured Ir.ater 

ab.orption. 

Tb. dltt.renoe. in .. endaent. and Zn t.rtill.atlon 

broucht about ~arlation in Ou llutrition. Gr ••• aanure 

o ... eel gr.at.r uptake and u •• ot In 'b.yond 5 ppa .. " ... a 

.1lnltloant 4.pr ••• ioll of total. Ou uptake. !he 11lt.raet1 .. 

• tt •• t ot Z. va. ob.err.d lrr •• peotiT. ot tb .... Dd .. at • 

•• pl.,e4. Hov .... r. gre.n aaar. reoord.4 tb. lIicben reo .. 

Gono.niratioa ot au aDd the 1.a8t .traw Cu oODO.atratl ••• 



2.1 f) 

(Ion-UII al.o "... o'b •• rY •• to oau •• up'ak. Tal" •• o. par ,,1"111 

Ir •• n a&m1re 8Il4 tb 18 ... aalJll7 oOlltrlHt.4 )7 .tra". !)a. 

).a.tlolal .tt.ot ot g1Paa.. aa1 'b. attrl'b"t.4 to "h. pH .tt •• ", 

whl1. tbat ot ,re.ll a .. ure to ob.latlB1 .tt.ot. 'a_-,art 

II Ulur •• bowed low oono.ntrat 1011 and up'ak. Talll •• ot 0. .wl11C 

p.rhap. to tor. at 1011 ot lnaoluDl. oo.pl.x ••• 

Tbe 4.tlol.n01 ln .0410 .011 D.lnc 0" .. oDC till. aa~or 

taotor. _lob 11ll1t orop growtb (SlD1b aB4 Seklloa, 1977) till. 

intlu.ao. ot ... nd •• llt. aDd In t.rtl11.at10n 1. ot creat 

.1gn1t10ano.. III tb. pr ••• nt .t\141 "b. u •• ot 41tt.r.d ....... 

•• nt. and ad4itlo11 ot ZIl t.rtl11 •• r Drougbt a'bout 4itterea ••• 

in tb. oOIlO.ntrat10n .. d upta1l:. of Ill. At t111.rl1'11 pit ... 

ta.-yard aanur •• how.ct • :t'elatl .... 17 high.r .1I00t Za ooae.a

tratloa •• oo.pared to 11PIWI and green lIa1lur. in tll. a'b •• nee 

ot &111 add.ct Zn. Tbe oonc.ntratlon ... alu •• ob •• ned weI'. 20, 

'S an4 26 PPI re.peotl .... i1 for 11PIWI, tar.-7&1'c1 11 .. "1'. ad .re .. -anure. A l.at In oono.utrat1oa ot 15 PPI (I&t1&l ad 

POllnaperwu.. 1973) and 1 0 p~ (Irl.ba_urtb7 1111 .• 1m) 

in 50 4a1ll 014 plant. w.r. oonaid.red a. orltloa1. 11.1'. 

app11.atl0. of till .... n4 •• nt. without D.l ... 11"1 .... " .. 

'7 &Jl7 ,. t.rtl11 •• r app.ar8 to .uure aarel_1 Ia •• u.at .. 

ratl •• Tal"... Bow .. er, ad4 .. la f."111 •• r ,I'OY" •• ,.1 

1a .allane1111 .Ia.ot Za ooaooatratlea ""loll al" "If.''''' 1a 

In.rea ••• c1r7 aattor yi.14 )otll at tl11.r1DS aBl at )I~et. 



ben ia the abeenoe ot any add •• Zn no detioienoy .,." •• 1 

were euibited and perhaPi hidden bUJl8er had exilted. Tbe 

.. en4.entl brought about e1gnitioant d itterellOe I in OOUeJl

tratioD ot in in grain and Itraw at h&"e.t. .111 .. eDd.e.t. 

when aoooapani84 by In tertili.8r enlured better .traw Zn 

oonoentration than when applied alone. The uptake ot z ...... 
the highelt in «reen manure treatment and inore.led due to 

Zn tertilil.tion. Tbil il attributable to dry •• tter 71e14 

4itterenoel apart trom ",_ration in oonoeatratioll. The 

uptake pattern (Fig.S) threw light on the taot tbat tbe 

organio .. eDdment. oould help not only in keepiDg better 

a",ailability ot the element in the loil but al.o taTour 

traJUllooatioll within the plant. The peroentage ot total 

abeorbed Zn _obi11led into grain W&l not tar 4ifterent La 

41fterent treatment. but that aooUllulatiDg ill Itr.Y _. 

ooui4erablyaore due to addition ot organio .. end_entl . 
partioularly t~ _anure. 'fhi_ expla1:ae the po.libl. 

role ot ohelatiDg lub_tanoe. in reDel.ring the ale.ent .ere 

tree tor .obili.ation. 8uoh beneti.ial ett.ct ot oraanl • 

•• tter In relulat1111 the .ioronutrient. In plant •• part fro. 

latllleuiJtC tlte a."ailab111ty ot nutrient. wall .. 14 •••• "7 

lrowa (1961). H.ta (1966) though the u.e ot 1 •• t.,.. 

11141.a"ed tllat pl&l1te are .apable .t a'beorptloa ot 41tterea 

0211 .. 1• _01.ou1 •• ."ia roots. 



It i. perbaps tor tbi. r.a.OD t~.t tb •• ppl10.t1 •• o~ 

50 t lb. ot taNyard m.nure baa b •• n r.portee! to b.",. tll • 

.... • tt.ot a. applioation ot 45 q/b. ot ZaB0
4 

(Dare" !1 51. 
1976) • 

It to1low. trom ~tbe for.going di.ou •• ion tb.t the ua. 

ot organio .. end.ent. oaused gr.ater aTai1abilit, ot .o.t 

nutri.nt. aDd Zn tertili.ation oould illOr •••• the .",.i1&b111t1 

of the .1e •• nt in .odle .011 wben applied In oo.binatio. wlth 

... nd1lent.. Organio &IIendment. (ta~rd .anur. or Ir ••• 

lIanur. at :3 0 t Iba) p1u. Zn (2.5 ppl!) was ob •• "04 to b. 

auperlor to gypsum (12t /ba). Th •• e treat.ent. abowed Irai. 

,i.ld increaae ot 14 per oent o",er gypallll. Tbe .tr.w 71.14 

alao iDOna •• d by 11 per oent ln t~ .aur. u4 44 p.r 

.ent ln gr •• n manur.. Tbe aTal1&bi11t1 ot Zn in tb. loil 

at planting. t illerlng and the oonoentration aDd uptake of 

the .l ••• nt by rio. were oomper.ti",.ly b.tt.r in tb •• ) ... 

tr •• t.ent. a. oompared to gn.u . 

4. lQ!i",a1.nl oono.ntralion ot nutri.nt. in r,l.tl0. to iP 
!he .tudi •• on the equi",alent oonc.ntrat1on ot 

nutri.nt ... a ratio with equiTalent oono.ntratio. of Ia 

,a", •• ",14.no. tor the tsyourab1. inf1u.nce. ot orlanl • 

•• Dd •• at •• a well as Zn t.rtiliaatioa to .odi. aol1. !h. 

oreanio ...... at. t.nd.4 to Darrow dow .oat rat iOI la 

ahoot &D4 Wb.n aupple.ent.d witb Zn terti1i.ation tb., 

t.ad •• to oaua. turth.r d.orea •• ot the rati.. !b •••• 1' ..... 



.a7 be a.oribed lIaiDl7 io eDlUUlOecl oOllOeairatio_ ot IJI i_ 

.hoot. It .ay be iDd iaated that the craia &Jld _raw yield 

at harTe.t wa. n.l~iT.11 aorr.lat.d witb .o.t at tb. rat i •• 

(Tabl. L). Rawn.r ~/Za ratio va. oontrary to what wu 

ob •• rT.a in .o.t other aa.... Thi_ i. beaaA •• of appr.oi

able iner .... in _hoot MI oont.nt in tr.at •• nt. r.a.iTiac 

organ1o •• lId •• nt_ and also the _;mergistio 1Dflll.no. ot b 

on Me uptak.. Rown.r .entioD .a1 be .ad. that tbi. rati. 

fail.d to haT. any signitiaant relatioll8hip with craiD &lid 

.traw yie14. 

The ratio. in the root al.o Tari.d oon_iderably •• 

tb. orlanio _.rad.ent_ t.nded to .how low If/In ratio. Tbi. 

i. due to relatl.ely low N oonaentratioD of root •• oo.pared 

to gypau. tr.at.ent. The lI.an root If oont.nt ,.. 1 .42 tor 

orsanio ... Dd •• DtS a. againat 2.63 for IYPS\1.. The two 

orsanio ... nd •• nt. behaT.d differ.ntly in r •• p.at of autri •• t 

ratio. i_ root.. U •• at ta~rd .anure .bowed wid. rati •• 

of P/Za, I/ln, Oa/Zn, ~/zn, './Za aDd au/ZIl ill root. 

Coablnatioa of Zn with ta~ .anure t.DI.d to d.are ... 

ao.t ratio. vb.re .. the ratio. wid.n.d Vb.n oo.biDed wlt' 

,re.D. .anur.. !b. abo.e ett.ot. are pern.ably 411. to tb. 

41tt.r.no •• in ao.po.ition aDd bio-ab •• iaal ohADI •• 41lr1ac 

•••• ,o.it10 •• 

"'''n , .... 1 :-r 



D. lino nutrition of rio .... iD.flu.noec! by .ouro •• aD4 

•• thod. of sino applioation 

In tbi. phaB' of the nudy the aTailability of 

nutrient. in the Boil at tilleriDg aDd han.at .t ...... w.ll 

a. the growth and nut ri t ion ot rio. (Tar. haT ani) duriq th. 

abOTe stases as influenoed by difterent souro •• and .ethod. 

of applioation of Zn were iDY.etic.t.d by a pot .xpertaent. 

The Zn d.fioient soil employed for the fir.t phae. of tb • 

• tudy w •• ue.d. Chloride, sulphate, pho.phat., ao.tat., 

ox14., EmJ. and el .. ,ntal f01'llB of Zn w.re oompared. DippiDi 

of .e.dling roots in ZnO .uBpena10n, application ot ZaSO. t. 

th. nuraery aDd .e.d soaking teohnique in znSO. 8D4 1alD!J. 

w.re alao includ.d to .tudy tbeir oo.paratiT •• ffioi.D07. 

1. Soil .tud1,. 

Tb •• tudiee on eoil ... ples at till.ring and harY •• t 

.tag •• ehowed that vb.teTer be the .oure. of Zn, eoil a,pli

oation of tb. material incr •••• d the aTail.bility If th • 

• l ... nt and the resulting aT.1labi11ty wae .aintaiae4 up to 

han.st. In other treat.ent. Zn aYa1lab11ity was OD. par with 

oontrol aDa Zn aTailability in the.e remain.a withta .rltloal 

to .ar,inal 1.T.l.. The .011 had noraal pH and was iaherent17 

•• tioi.nt in Sn u4 h.nc. th. ad4e4 In f.rtilla.ra to the aoil 

.au.eel an inor •••• in ayail.bility of h. Th •• Ta1laltilit7 

ot other plant DRtri.nt. w.r. not aff.ct.a to any appre.~l • 

•• ,re. dll. to tb. treat.ent 4iff.reaoe •• 

2~1 



2. DEl .at1.r 11.14 
2c;l 

!h. Tar1at10n 1n th •• ouro •• ot In &D4 41ft.r.no •• 

In th •• 04 •• ot app110at 10n brought about .1cnlt10aJR oh .... 

1n the growtb an4 nutrit10n ot rl0'. MODC th •• leT.a treat-

1I.nt •• lIploye4 barring oontrol, Zn 4Ult, Zn(O~OOO)2 aa4 

nur •• r7 t •• 41ng treatll.nt.) the grain 71.14 was OD par. !h. 

oho10',th.r.tor./ d.pend. on :practioal and .00no.10 oouU.rat101Ul. 

The pero.ntag. ot inoreas. rang.4 trom 7.2 to 29.4 per O.llt 

OTer oontrol in Tarious tr.atment.. Th. att.ntioa natarall, 

i. toou ••• 4 on the ,eed ,oak1ng t.chniqu., partioular11 

InEmA. 1'hi, tr.at •• nt r.cord.4 grain •• traw, root &Dc! total 

dry matt.r yi.ld inor.a ••• ot 29.4, '0.4, 55.5 a.n4 '0 per .. nt 

OT.r oontrol. It i, a matt.r ot int.r •• t to not. that la 

.nrioh •• nt ot th •• e.d through eoaking (Zn oont.at of a •• 4 

fro. an inltial preaoaking oonoentration of 8 ppa 1norlaa.4 

to '2 PPi aft.r 24 bours ot ,oaking in 0.1 p.r o.nt Z'IlEm.!) 

oould aatlafy the Zn n .. 4 ot the orop. XaJlg aDd Okoro (1976) 

al.o ob •• rYed 8uob Zn .nriohm.nt ot ••• 48 due to .oakiJll in 

ZnlDTA and inor .... ot plant dry _tt.r. A. wa. the o.a. 

with th. pr..,.iou, ph .... the typioal Zll 4.fio1e:ao1 .,.pto •• 

w.re not .xb1bit.d by tbe plant and perhaps tb.r •• xi.t" 

h1dd.D lu1111.r. 

!b. 8t.tua of aTailable nutri.nt. but for In 1a the 

aboT. .... r ... in.d parall.l and th. 1norl.... lro~' .a1 It. 

a •• r1beel to .Dbanoed In lIU. aYa1labl. to th. plant tbroqh 



.eed .oating. Soaking ot seeds in znSO. ( 1 p.r oeDt for 

24 hour.) al80 cau.ed Zn enr10bment (24 PPB) and aooounted 

tor almost ideBtioal inoreased total ADd iD4iv1dual dry 

.atter yi.ld (Pig. 9). 

Sedberry !l!!. (1971) obtained higher rioe yie14 

with :lnO than with znso. or ZnEm.l altbough tbe differenoe. 

uODg the souroe. were not 11gnitioant. tang aDd Otoro (1976) 

reoa..ended pre loaking ot rioe l.ed8 w1th 0-5~ Zn .u.pen.ioa 

to OTerco.e Zn detic1enoy. 

In the tield experimentl at Punja_ (.lnon'_ou., 1977) 

the highe.t response W&8 observed in broadoa.t applioatio. ot 

7.5/10 PPi In. Seedling root dipping 111 4 per oent laO 

.u.pension wa. equally etficient. HoweYer, the .eed •• atl .. 

teohnique was not te.ted and .odio loil was e.ploye4. The 

In(Oa,OOO)2 louroe de.erve •• peoial .ention in view ot tb. 

fact that the total aDd 1I1dividual dry .atter yield 1a tbl. 

trea~ent were suoh le.1 .ven to oontrol. While the .. ail

ability of the nutrients wu not far dUfereat tro. otber 

treat.ent. it i. perbapi the aoetio aoid ~lob .an be .xpeoted 

to ~e prodaoed tollowiDC Zn(Oa,~OO)2 applioatioa prov" 
Jlan1\ll to the n01"llal growth ot root aDd aboot - :r01'll0!1 11-
(197') o'b.e~ed addition ot aoetio aoi4 at 0.' aX to ~u •• 

I. '1 80 per oem aDd 10 to '0 .X to redaoe tbe •• e '1 t4 

per oent in the _oota of rioe plant. In thi. tr ......... 
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If. I. Oa. MI. le. MD, au oonoentration .eem to be not 

atteoted but P and Zn oonoentration ot .hoot aDd root 

.uttered at tilleriDg. Tbe earlier poor Tigour and matrien1 

uptake baTe aooounted tor poor uptake. 

,. Nutrition 

A oon.ideration ot tbe nutrient oonoentration .t 

tillering reTealec! a oo.paratiTely higher sboot If oonoelltration 

and lower root N oonoentration due to Zn enriohment ot .ee4 •• 

Th. pos.ibility ot Zn baTing detinite interaotion with :I 

nutrition a. was the oa.e in other pha.e. wal 8Tiden" 11l 

this ph .. e also. The.e two treatment. r8gilltered the h1che.t 

.hoot If uptake and oamparatiTely le •• root If uptake a. oo.pared 

to other Zn reoeiTing treatment.. It i. a que.tion of •• re 

effioient utili.ation ot If absorbed by the plant. At barTe.t 

the grain N oonoentration was not muoh differe~ but .traw 

and root If oonoentrat ion Taried s1gnlfioall:tly. The latter 

etteot .. y be a.oribed to a possible dilution etfeot a. 

1norea •• d shoot and root growth were ob.erTed 1. this tr.a_e1'1't. 

Although many other treatment. showed greater total ."ate 

and oould illOrease the grain, straw &lid root 4ry .atter 

y1e14 a. oompared to oontrol, the seed enrioneBt teoltuCl'le 

partioularly ZnKD!A oould aoo~nt for better if Bot .~fl.&Dt 

"ptate of :I. 



The OOIlO.Dtratioa ot P in .hoot d.or.a.ed whi1. t'bat 

ia root inor.a •• d al a r.lu1t ot .oi1 applioatioa ot Zn. 

Thi. wa. oblen.d both th. tilleriDe and han •• t at..... Tb. 

app1ioat ion ot ZIl dUlt bad a •• T.re lIIpaot on root &lid .hoot 

P oono.ntration both at till.riDS and bane.t. Z~(PO.)2 aa4 

Z~! .oaking .bow.d no .uob d.trimental .tt.ot on P 

nutrition. Zn,(PO.)2' ZIlSO. and ZnEDr.l .bowee! .ore or 1 ••• 

• qual tot.l in uptake valuel but root .P oono.ntration 1Jl til. 

t01'!ler two were oouiderab1y more. Tbere i. tllu. a teDdenOI 

tor inorganio Zn to cau.e i .. obililatioJl ot ab.orbed P 1a 

root. Tbere vas no evidenoe tor Zn-P antagoni •• , per'bap. 

due to the low leTel ot Zn e.ployed. Tbu. ZnED!.l faYo.ret 

better P nutrition apart from nitrogen dilou8'ed earli.r. 

Tb. Tariation in uptake valu •• in re.peot of otber treatment. 

may be uoribed to dry matter yield TariatioD ratber tbu. 

oonoentration ditterenoe •• 

In re.peot ot K and Oa nutrition botb at tllleriDC 

aDd at lIane.t tbere wa. no oonap1ouou. varia1:ioll ill • .,.ake 

aDd .ligbt difterenoe. in oonoentratioa are attributable t. 

drl.atter l i e14 variation •• 1 well. dilutioll ett.ot •• 

OOJlo.ntrat ioa .. well a. uptake of HI by altoot ad re.t 

tell4.4 to i.proTe eTen at tilleriDS due to Za teri111aatioa, 

the ette.t .. inc not ob.erY.4 in za,(PO.)2 aDd 8R~.~7 t ... ~ 

w1tlt IdO. treat.eat.. At barYe.t al.o the &4d.4 III t.ri1-

li.er. aooouated tor e1'1haneed Me oonoeatratioll in .110" "ut 



"h. oOllo.ntrat iOll of the .l ... lll in tb. root 4 •• ftu •• 
Jv~- f, v.. ........ ,i:"' 

Control/lre«iat.red the bigh.1It root Me oono.lltrati... !'h. 

inor.aa. in 4ry matter yi.14 aooo.pani.d by incr.a •• i. MI 
oono.ntration ot atraw &Dd 4.or .... of MI oono.atratio. t. 

root a. a r •• ult at Zn f.rtili.ation poiDt to the ~.ot t~a" 

there i •• ;pnergietio Zn-Mg 1nteraot10J1. 1'lt1. 1. furth.r 

.... iel.no.d by tbe faot that in .0akiD« prooedur. tber. was 

pronouno.d and .ignifioant inor.as. 1n .hoot MI oono.DtratioD 

perb.p. du. to increa •• d aotivity of Zn ion. in the plaBt 

.yateJl. Thus the influenoe of Zn on Mg nutrition .. oll.erY" 

in otber pbase. at the Itudy wa. oblen.d ift this ph ••• a1.0. 

The influ.nc. ot .ouro •• and .etbocla ot Zll applioation 

Oft 'e nutrition w.re not at any great lignifioanc.. 'h. 
t.nd.noy tor Zn to d.ore ... P. oono.ntration ot .hoot aD4 

inor •••• the a •• in root was how ..... r, obe.n.d ill tb18 

pbu ••• w.ll. At harY •• t any oono.ntr.tion varietioa w .. 

oonfined to tb. root only. The uptake u4 oono.atr.ti_ 

dift.rono •• bay. art.en lIaiDly du. to dr1 .att.r 71.14 

clift.reno... 'l'b. MD Dlltrition at till.r1111 rev.al •• I.-X. 

antaconl8• aDd th 18 waa lIor. pronoW1oe4 due t. Z •• ui8n.at 

of the ••• d throqb .oak1ne. How ... r, th ••• twe tr .... at. 

r.oorded tbe )licb.at aptek. ot MD owiDg to .uan .. e 41"7 

.att.r :ri.ld. At barYeat tbere was .uano.d total MIl .ptate 

cI •• to b &441t10a lrre.p.oti",. ot the .0Uro •• a ... tla .... 



!b. oonoentr.tion &Dd uptake in gr.in. str.w.Dd root 

reye.led tb.t tber. was inor .. sed aooWlul.tion o~ MD. ill root 

du. to Zn addition. tb •• t~.ot b.ing more prollounoed i. 

tr •• tm.nt. whiob r.o.iyed soil .pplio.tion o~ Zn f.rtilis.ra. 

Tb. au Ilutrition also sbowed signifioant yariatioaa. 

At till.ring tb. oontrol tr.at.ent r.cord.d tb. low.st .boot 

but th. bigb.st root oono.ntration of tb •• lem.nt. Zn 

f.rtilisation. what.",er may be tb. souro. and m.tbod o~ 

applioation, t.nded to d.cr .... root au oono.ntration but 

inor •••• sboot au oonoentration. Tbis sugg.sts tb. possibl. 

role of Zn on au mobilis.tion. At barT •• t the aboy. tr.D4 

oontinued and grain oonoentration inor •• s.d, straw aII4 root 

oono.ntration d.oreas.d in oomparison to oontro1. Tbi. 

indioat.s tbe turtb.r .yid.no. for tb. possib1. role of ZIl 

in .obilisilll Cu. An oyerall pioture as .yid.DO.4 troll 

higb oonoentration of Cu in root aDd .boot at ti11eriDi aB4 

crain at ban.st and oo.paratiyely bigb uptake ill oontrol 

.uaens tb.t ZIl-OU antagonin ba",e operated. Howner, ••• 4 

.oakiq method e.ploying ob.lated Zn appea.ra to be ~ ex.", 

tro. tls. abO'Y. ru1. aDd oau •• d as .uob uptake o~ Oa a. w .. 

ill oontrol anc1 eJlsur.d a bigh au oono.ntratioll 1a .traw both 

at ti11.ri .. and at han.st. 

!1I. 4UI.~.:ao •• in the .oure •• aa4 _tllod • • , ."li
.atio. obYiou811 produoed .ark" dltfereno •• ill the •• 01',,1 •• 

~~ 
U4 tr ... 100at10. of Ill. Oolltl'Oll r .. i.tere4 til. lowon "n 



and .boot oonoentration at tilleriD«. Tbe oonoentratioa 

ot 16 PPII Zn was perhaps suttioi.nt to "eroo.e 4.tioien07 

but iuuttioi.nt to oOilpletel;y .ati.t;y Zn InUl •• r. fbi. i. 

nid.noad b7 'tb. taot that no defioi.noy .,.pta. w.re 

.xhibit.d although the growth 'Yigour b1 'Yi.ual appearano. 

was not the same as in 1I0st other tr.at.ent.. Tb. Zn 

t.rtili.ation irr.sp.otl.e ot the .ouroe. and •• thod. with 

the .xo.ption ot Zn(C~COO)2 oau8.d an inor .... in .hoot Zn 

oono.ntration at tilllrina and ban-.n. Tb. OT.rrid1Dc 

.uperiority ot ZnEDTA .oaking metbod in beiDS a1»le to oaa •• 

thr •• to tour told inorease in oonoentration of Zn OYer 

other tr.atment. was a .atter of interest. The next best 

wa again seed soalcing in znSO.. Thus, enrioh •• nt ot tb • 

•• ed with ZII. tbrougb 80uina 1101" partioularly in obelated 

Zn solutioll. re.ults in bigher oonoentration ot tbe el .. eDt 

21" 

in sboot. Sinoe the 0 ono.ntrat ion ot Zn ill. shoot at tilllriDe 

t)lI great.r .ignifioano. ill. intluenoiDg tb. 71e14 thi. 

pbeno •• non ... WlI. great 'Yalue. It i8 al80 wortb1 to aot. 

that the bigb ehoot oonoentration i. attributable to the 

,reat.r lIobility en~01ld b;y abelat.d to~ a. e'YieSenoad_7 

oOliparati'Y.11 le.,. root Zn oonoelltratioll.. Tlte oOllo.atratioa 

ditlereno •• ooupl.d with 41'1 matter 11eld 'Yariatioa Itay. 

aoooot.e! for uptake ditfer.lI.oe.. At Itan.art the eS1tl'l'.nt1al 

.tt.ot ot treauent. in intlu.lI.oiq ZIl utritioll wa. turtltU' 

_rell,Itt out (ric.1 0). Tit. grain, .traw an4 ro.t oono.atfttioa 



ot the ele .. nt was markedly impro'Ye4 due to a44e4 ZIl 

t.rtili.er. Soil application ot Zn terliliaer. elUlured 

o .. paratively bigber total uptake. .boDi otber treat.ent. 

ZnBmA .oaking al.o Howed uptake on par witb tbe a'boye 

treatment. but regi.tered greater mobility a. e-yi4enced 'bT 

lower root, but bigher grain and .traw Zn ooncentratioll. 

2~R 

Greater utilisation of Zn from ZnEDTA than troll ZnSO. 

is of oouiderable interelt. Tbough plant ab.orption of 

ZnEDTA ha. not been studied, studie. witb ~e and MD cbelate. 

have IDdioated that these oomplex.s are absorbed aDd traaa

located to tbe top of plant.. The loluble fo~. of ZIl are 

rapidly oonverted to exohaugeable or aoid soluble to~. 

both of whioh can be oonaidered only .. partly availule 

tor root ab8orption. Beoause of binding enersie. aDd i._bi

li.ation the EDT! complex oould remain o01lpletely d is.olv .. 

in soil solution. Aoting aa a mobile el .. ent it would have 

the advantage of 1I0'YiDg with the soil lolutioll to all part. 

ot the soil lias •• 

It followl from the foregoing di.cu •• ion that In 

applioation with the exoeption of zn(OH)COO)2 broucbt a'bout 

.ignifioant 1IIprovement in grain yield. .boDC tbe BOuro •• 

and .etboa.,ZIl(0S,000)2 nur •• ry feeding and III du.t treat •• at. 

proved to • BO", a. 1Iuob advantageou ... other.. -OBI the 

r •• t .evell trea'bent. the choi. dependea upon oo.t ....... 



of ayailability of the material. .aturally the foou. lie. 

on .ee4 eoating'll.thode. znS04 eoaking 'II.thod inyoly~u.e 

of 400 g o~ znSO. in 40 litre. of water oostiDg a..15/ba 

While tbe oost for the u.e of ZnEDTA (40 g in 40 litres of 

water) being Ra .30/ba. Ooneidering the oyenidi. influeno. 

of Zn EDT! soaking metbod wbiob apart from ensuring 

oOllparatiyely bigb Zn oonoentration at tilleriDg pha •• of 

th. crop aleo tended to ebow 29 per cent inorea.e4 ,rain 

yield as compared to only 17 per oent for znSo 4 .oaking 

it is r ... onable to fix tbis ae more efficient among th. 

two. Howeyer under oonditione of non-ayailability of Z~A. 

soaking witb ZuSO •• ay be employed. 



SUMMARY 



OlU.ftD TI 

SUIIIWtY 

!be 1nf1uenoe of ?ar1et1e., 1011 00nd1t10.1, lour .. 1 

and .etbodl of Zn fert1111at10n 011 tbe growtb aDd nu:tr1ti •• 

ot rioe W&I il'l'Y.stigated. Tbe .tudl.s w.r. oarrl.d out wltb 

four main objeot1?e_ Ti •• (i) to _tudy tbe r •• po .... o~ 

g.netioal17 Tariab1e popular r10e ?arieti.8 ot , .. 11 1&4. 
;tc 

(tor ZIl t.rt111_ation (1i) to Itudy tbe l!l!luenoe ot .011 

oond1tlo!l8 and ZIl f.rt111_ation 011 the growth and .utrltion 

of rio. (ill) to study tbe growtb and nutritlon ot r10. in 

_0c110 loll llllc1.r tbe lnf1uea.o. ot 01'l&l1io aac1 in0lS .. i • 

... Dd •• a.tl aad Zn terti11sation &lid (1?) to -tud7 tit. r.latl •• 

• ffloa01 of dUf.r.llt loaro._ aDd. .etboc1_ of app110atloa .f 

Z. 011 tb. growtb and autr1t10n ot r10e. 

Ten r10. Tar1.t1e. (Ti •• 00 39, 00 37, Tim 658, 1ft 20, 

RP 4-14, Poul, llIaTanl, II 8 , 00 38 aD4 TWAtJ 1'4") weft 

ra11.d la. potl UDd.r four 1e?1. ot ZIl (?1 ••• 0 'a, 5. 10 

aDd 15 ,,.) .,1071:DB a ZIl c1eficlellt IOU (0.8 PPI aTallab1. 

In) • !be total aDd lD4i? ldua1 7ie14 of gra1Jl, .traw &lid 

root .. _11 al 001l0elltrat10Jl alld uptak. ot _"r1.atl we" 
Itu41". 

III t'. ..ooDd ,ha.~ a pot .XJ8r1 •• at ... oarrl.4 •• t 

.. ,10,.1_ tou .011 ooD41tlolll (Tl •• Ilona! .0U, oaloar •••• 

loll, orsanl0 .atter enr10bed so11 anc1 Iu.'bllezsed •• 11) aDA 



three In treatrl.nt. (.0 In, ZnSO. and ZIlBM.l). Rioe "&I'ie"7 

RP .-1. waa rai •• d a. t.st orop. 

~ -third .xperiment inTo1 .... d twe1 .... treat.ent. to~e4 

""1 ""~ 

troll oombiD8.tioD8 ot three am.ndllent. (g7P.ua, tamyard manure 

and gre.n manure) and tour level. ot Zn (1'0 Zn, 2." 5.0 aDd 

7.5 PPl). Tb. tr.atment. w.r. apo •• d on a .aloareou. nOll 

saline .odio .oi1 (pH 8.' and ESP 23 •• ) in pot. and IR 8 va. 

grown a. te.t crop. 

The tinal ph ... repre.ent. anotber pot expert.ent 

employing ele".n treatllent.. rb. ditt.rant .ouroe. of ZIl 

triad were Zn du.t, ID012 , znSo., zn,(po.>2' 111.(0.,000)2' 

and ZnEDTA and metbod. ot applioation te.tad w.re applioation 

ot InSO. to nuraer7. dipping ot ••• dling root. In ZnO ••• -

paneion and .oaking ot .a.d. in ZnSO. and ZnEDr.l. 

In all tbe a_o .... Btudi •• loil and plant ... p1a. at 

tillerlnc all4 harYe.t .tqa. were examined in detal1. '!be 

total and ta4i"idual dr1 .atter 1ie1d ot graln, .trav &D4 

root and .ptate tata oomputed !roa peroentage "ala.e. were 

oritloal17 atuied. Oorrelation ooettioi.nt. were al •• worked 

out to It1141 the intarrelat10aablp among "&riou •• oil ... 

,lallt obaraoteri.ti ••• 

!he .alieat tindlDgI e.anatlns tro. the iBYe.tilatio. 

are .u_ri.et 'e1ow. 



(1 ) !bere i. bigb genetio Tariability in rioe Tarietie. 
--ti' 

toward. re.poues for Zn fertilisation. Based on the respoues 

"oJlg tbe teD, Tari.tie. teated, tbree groups were reoOCD,is" 

Ca) bigb respeui?e Tari.ties CIR 8 and RP 4-14) Cb) -edio 

reapensiTe Tarieties (Bbavani, 00 '8, Co 40 and !.JD 658) 

aDd Co) aon reaponeiT' Tarieties (00 '7, IR 20, 00 '9 aDd 

POlmi) • 

(2) Growing of rioe in different soil oonditions auo~ as 

normal aoil, oaloareous aOil, organio matter eariobed soil 

aDd au'bllersed aoil reaulted in differential dr7 matter 7ie14 

at t illering aDd bane.t atage.. Organio utter enriohed 

sol1 eYeD, in tbe ab.enoe of an7 added Zn registered .!cai

fi.ant inoreas. in grain, atraw and root 7ie14s aa oo.pare. 

to otber aoil ooDditionl. 

(,) While tbe application of Zn showed no reapoue ill 

ao~al and organio .atter enriobed soil, iaorea.ed ,rain &ad 

atraw 7ield were oblerYed in oaloareous aDd au __ erse4 aoil. 

Ia eitber o .. e InBDTA appeared to ie aore benetioial thaa 

IDBO •• 

(4) .l oouiderable reductiOJl in the ohaff pereemage wu 

obaerTed dUe to tbe USe of Zn fertiliser aDd t~ia was 

partioulu1J a. 1& .aloareous aDd aub.eqed aoi1. 



(,) YOI' oaloareoua. non laline aodio loil applioation ot 

organi ... eDd •• ntl (t&l'nllllrd manure and green .anure) 

reeorded hieher grain aDd Itraw yield •• oompared to gyp_a. 

(6) Applioation of green lIanure ('0 t/ha) plu.. 2.5 p,. 

of In to .aloarecu. non .aline .odic .oil proTed to be .ore 

lte.et181al than other treatment.. The abOT. treatm.nt 

r.oorded crain yield inorea.e. of 26 and 6 per oent re.

peot 1Tely OTer gYP_11III and fa1"llyard manure treatllent.. T1Iere 

Wal iIlor •••• in straw yield also to the extent of 29 aDd 

14 per oent reapecti.ely. 

(7) Enrioh.ent of the rio. s •• dl with Zn tbrough lo.k1Dc 

(0.1" ZnEmA or 1" Zn804 for 24 hours) reoorded grain aDd 

.traw y1eld on par with aoi1 applioation of T.riou. •• ouroe. 

of In. 

(8) Appli.ation of Zn (O~OOO)2 (5PPII Zn) preTed to be 

)laNtul .. the grain and str.w yield in thi. tn.went were 

lewer eTen to oontrol perlUtiably due to toxio .00u..lllat10. 

of aoet10 a01d 1n •• il. 

(9)' Z1DO tert111aation to In defioient .oil taTount 
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greater .onoeatrat ion and uptake of R. 'I'bia be3et1.1al ette.t 

wu alii. o'''.e%'Ted 13 oaloareoul lOi1. sublle1'le4 .011 aDd 

10410 1011. '''e&4enoy for gr .. t.r mobiliaatio. ot I 1ate 

,rai3 due to ad41t10n ot In fert11iaere wal all. obl.rY". 



(10) _0. the rioe Tarietiel IR 8, 00 '8 aD&! naTaai 

r.oord.d oo.parati'Yely higher P uptak.. In all the Tari.ti •• 

the P uptake deorealed at 15 ppm leTel ot In t.rtili.atioD. 

(11)' ZiDo t.rtililatioD had no aarked influenc. OD t 

nutritioa ot rio. under all _oil oonditione. 80w .. er, 

oaloar.ou __ oil hiDdered t nutrition by d.orea_ine ablorptioD 

by the plant. Oonoentration and uptake ot t were allo 00.

paratiTely lower in 104io loil. Enriohment at the loil with 

organio .atter both in nOl'llal and oaloareou_ loil taTour. 

greater K uptake. 

(12) A rel_tiT.l,. higher aooWlulatioD ot Oa in .traw wu 

oblerY.d in Zn re.ponding rice Tari.tie_ IR 8 and RP 4-14. 

2.) I, 

(1') loq 4uration Tarietie. aid la relpedinc type. noord." 

hilh.r ,ra1JL &D4 .-traw Me oonoentration. In tertili.atioD 

.h ... 4 .JDersi8tio etteot OD ~ nutrition uDder all .oil 

oonditioDl. 

(14) !1I. hieb •• t total ,. uptake wa. obHrr. i. 00 '8 aII4 

tll. l.a.t uptake ill 00 '9. Total uptake ot :re procre •• i •• l, 
&a4 .1pit1eutl, ".ore ... 4 with the adc1itioa ot III t.rtili •• r. 

(15) !1I. uptake ot au 'by root inorea." while that of 

nraw .pt ... , oa a.orea •• a. a ".ult ot Za t.rtili .. tl ••• 

(1') :Jnrloll •••• t t1l •• oil with orgallio .at".r .b ... 

,reat.r ooaoeDtz-&tioJl a .. uptake ot - at t11l.r11ll .. wen 



u at harYe.t. Caloann •• oU .howd 10 •• oOlloolltratioll 

ot I. III .octio 1011 applioat1011 ot ,Z'OOI'1 aamtre pl .. 2.5 

p,. III ta.,ouncl lI1cher I aptalte at harY.lt. In te~111Iat10. 

1rro.,.ot1Te ot lOll ooDdit10n had a taToarable .tteot Oil • 

autrit101l ot r10e. 

(17)' .elther the 1011 ooDdition Bor Za tertl1llatl0. 

'bro11lht altollt an1 .1plfloat cl~t.renoe 111 ,raia aB4 root 

P oonoentrat10a. Sub1lerg.cl loll reool'do4 bieho.t .traw , 

oontellt wIIl1e that relat1Dc to oaloareou •• 011 tlle lea.t P 

oonteat. 11'1 locll0 loll the UI. of fa~ ~1&r4 .av.re reoo1"d..4 

hilb •• t o ODOentrat 1011 aDd uptake of P 1t1 ,ra1l1 &!ld atraw a. 

oo.pared to ,n-a &114 ,reea .aJlIlro. 

(18) .644it10. of lreen aanur. to Doraal 1011 .. _11 AI 

.00io loll taToun4 ,reater oonoentratloa aa4 upta •• ot Me 

"'1 til. r100 pl.p:t. 

(19) ....... !'I.DO. al w.ll a. organl0 .atter 844itl0. t. 

aoraal .... 0410 .011 nlulted 1Il .Dbano.d oOllOoatrati •• ot 

:Fe 1D 1.11 •• lation all4 inGr.a.eel OOllo.lltratioJl ... ",a • 

• f tho .l ••• nt 'b1 rloe. 

(10)·' 11 .. t.rtl11 .. t10n UJI4.r all I.il •• B41tioa •• ofta •• a 

til ........ 1I&t1 •• • t r. 1n ,ra1n, .traw IUl4 "ot, tll • • tt ... 

H1Bc .ore pr.o .... el wlt)l IJlID'!A. 



(21) Cal.ar.ou •• oil reoord.d deorea.ed oonoeatratloa 

aB4 uptake ot Mll. !ppliGatioa of .. eDd.eat. to .04i_ .oil 

,&4 ao lnflueaoe on MD nutrition. 

(22)' 11no fertiliaation UDder all .oil oondltion. 

taToured greater ab.orption and tran.looation ot Ma. 

(2') G •• etio Tariabilit;r and Zn fertili.ation oau ••• 

proaoullO.ct ohqe. irl the oonoentration 1114 uptake ot ,. 

by rioe. ~ the ab.eaoe of IdditioD of ZD fertlli •• r to • 

In deti.ient .Oil) IR 20 reoorded tbe bighe.t root Za ooa

.entration wbile 00 40 reoorded highe.t ,rain and .traw In 

oonoentrat ion. As a general rule root. oontained two to 

thr .. told higber oonoentration ot Za a. oo.pared to ,rai. 

a:a4 .traw. 

(24) lillo tertilisation progre •• iTely inoraa." Za 

oOIl.edratiOD ot ,raiD, .traw and root. !lie .ean lnore ••• 

rac.d troa 47 to 80 per oent ill lraia, '2 to 60 p.r •• at 

1a .traw aD! 10 to 21 per oent ln root. 

(25) Mditioa ot oraanio utter to nomal •• 11 .. well 

.. o.l_arao ••• 0410 .011 aDd In tertili •• tion oaaa.a 

e._ ... a11& ... 111t7 ot III aa4 tbe reaultlBc ayai1&ltillt7 

was .. latalu4 J.a tla, po.t 1Ial"f'." .oi1 a. weU. 

(26) Oaloare ••••• 11 an4 --era" .011 ntt,ret .on 
1a ft.,. ... • f .. anrl .. 10a 1n til, .It ..... • t .. , ...... Ill. 



Applloatlon of In In .1th.r t01"8 (bSO •• r ZIlED'!.l) 1Japzoo •• 4 

the oono.ntration al'1d uptake ot th •• 1._1tt at tll1.r!Dc 

.. w.ll .. at .aturlt,. 

(27) III .0410 .oil all ... IId •• nt. wh.1l aooo.pani.4 "'1 z. 
t.rtlll •• r .n.ured b.tter In oono.ntratlon than wh.n ap,1101 

alone. Gre.n .anur. ,lu. Zn ooabi:natloll r.oord..4 hilh •• t 

upt aD. 

(28) :rro. tb •• tu41 •• Oil oo.parati ••• ttioa07 of 4ifterent 

.Ouro •• aDd •• tbed. of a~plloat10n, tb. 0 •• rri41D1 .uperiorlt, 

of ••• 4 .0akiJll prooedure eith.r witb ZnS0
4 

(1~) or with 

1dM.l (O.1~) wu brougbt out. Tb ••• tN_w.nt •• 1l.ure4 
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b1lber ,rala &D4 .traw oono.ntration of Zn aa4 ",i.t.re4 total 

JIl uptake Oil par with .oil applloation of •••• ral .oure •• ot IR. 

(29) fit. eorrelatlon .twll •• r.y.al.4 the .xleta •• ot 

.1Illltioaat ,o.ltl •• r.1&tlo .. bi, betw •• n aboo", Za eone.n

tatl0. at tl11.rl. and graln, .traw and root 4r7 .att.Z" 

71.14. at ba".". 

('0) D. natu. ot &'Yailabl. Zn ln 8011 at tilleriDe .1I0wed 

po.ltl •• nlatloultlp w1th total aDd .traw 4r1 .att.r 71.U 

at ,&rY ..... 
('1) ft. nat •• of a.al1abl. In 1a .011 at tiU.rJ.Jtc wu 

fou .... h ••• 1aaltloallt ,o.ltl •• relatloullJip wlt. ,:rai. 
'a oo .... ra"10.. !la •• "raw &Jl4 root r. ooatent a1l hu..n 

.11 ........ 111 •• relatioa.hl, with .ai1&'le III 1a .... 11. 



('2) !be relatiYe oonoentration ot leyeral a.trientl at 

til1eri me (i.e. I/Zn, I/zn, Oa/Za, Pe/Za. MaIZa and au/za 

wort" out on equi.aleat 'baai_) were negatiYe11 related to 

tbe ,raia and .traw 1ie1d at barYe.t indioatiDi bi,ber Zn 

requirement witb inoreali~ le.el. ot other nutrieatl. 

OonaideriDC an oyer all pioture/it 1Ia1 ''be iD4ioate. 

tbat tbere exilt. ,enetio yaria'bilit1 in rioe Yarietiel ot 

, .. i1 Na4u tor reapon.e. to In terti1ilation. II. 8 aDA 

RP 4-14 were oblerYed to 'be b1cb11 relponliye while II. 20, 

00 '7 .. e .Ore tolerant under Zn detioien01 oonditioDl. 

Caloareoul .oil and .ub.erged loil re.poDde4 to In terti1ila

tion and InlD!A even at yerr low do.e appeared al .ttioi.nt 

.. InS0
4

• Applioation ot ,reen manure p1". 2.5 p~ la to 

oa1oareou. 104io loil registered '1IDitioant aDd aarke4 

i.proy .. ent 1Jl ,raia and .traw 71e1dl in rioe Yar. IR 8 

AI •• pared to taraya.rcl .allure and ,yP_ua" a10.e .. _11 AI 
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1.J1 .01lbiDation with Zn. Applioation ot In tertili •• r. i ..... / 

I.neral. intlu.aoed ., I, Pc, 'e, MIl, Qu aD4 Zn _ .. triti.a .t 

ri... !h. 1norea •• d In require.ent with inona.iDe oono.n

tratioll .t "It nutrienta in .traw val iD4ioat... !h ..... 

• oald._ pro .. a,," eitber witll znS04 .r witll ZJlIMIA _"earecl 

to __ .er7 .tti.i.nt and eoono.ioa1 in .atilt7ia1 the Sa 

' .... r ot ri .. i. a Zn a.tl01eBt loll. 
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CONC. OF Zn IN GRAIN, STRAW AND ROOT UNDER DIFFERENT 
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CONC, OF Zn IN GRAIN, STRAW AND ROOT OF RICE UNDER THE 
INFLUENCE OF DIFFERENT AMENDMENTS IN SOOiC SOIL 
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APPENDICES 



APPBlfDIX I 

.u:u. PRODUO'l!IO • .un PER BBOTA..RI YIELD 07 RIO. 

Particular. Area 
C •• ba) 

World 140.8 

India 

T .. il It'adu 2.2 

Pro4uotl0. 
(lit ) 

40.2 

4.1 

Ti.l. 
(q/)l.) 

1855 

-----~----------~~------~----~-~~~---~--~~--~~----

* (7.rtlli •• r .tati.tic •• 1976) 



APPDDIX II 

ORITIOAL LlVELS lOR DE1IOIEIOY AID !OlIOITY OP BUTRIBI! 
IL:JMUTS II RIO. 

-~~~---~~~---~-~---~---~---~----~---~~~-----~--------~~ Deliot.nor Oritioal Plant part 
Il.ent (D) or Gonteat .... 118.· lro"" n .. ~ 

To:xloltr (1') 

-----~~~----------------~~-~~----~--~----~~~~----~~ 
I'itrog.n D 2.50 _ Leal ,lad. 1'ill.r1Jtc 

Pb oephon. D 0.1~ I.ea! bla4. 1'iller1. 

Pbo.phoNe T 1 .00 ~ Straw Matur1t, 

Potu.lwa D 1.00 ~ Leat'1.&4. 1'111er1lrc 

Potassiua T 1.00 ~ Straw Kate1t7 

Oal01a D 0.15 ~ Straw Jllat11r1t7 

1Ifagllesiu D 0.10 " Straw ItataZ'1t7 

Sulpbur D 0.10 " Straw lIIat111'1t, 

Iron D 70 p~ Leaf bl&4. 1'111er1", 

Iron T ,00 ppl Lea! 'blade !illerUe 

MaDg&1l8 •• D 20 p~ Shoot !111·:rbi 

M'aDiall ••• l' 2500 PPI Shoot !111e:r1., 

Zino D 10 Ppi Shoot !111er1., 

lino T 1500 PPI Straw Ilatu1tl 

Boron D , -4 Ppi Straw Matu.:rlt, 

Boron T 100 PPI Straw Jlatu1;, 

00".1' D 6 PJ8 straw Jllatlll'lt, 

Ooppel' 'f '0 PJIII Shoot 1'111.71111 

----~~-~-~~~--~-~--~~~~~~-----~~--~--~~--------- _-. 



APFEBDIl: III 

AHAL Y8 IS or pun SAMPLES 01' RIeD 

-~~-~---~---~-~~--~-~-----~-~~~---~--~----~~-~---~~-~-~~-
Oountry B p I Oa ;c re Na 8102 h. 

tj, IJC tj, " PPI PPI " p,. 
--~---~-~~-~-----~---~~~-~-~~-~-----~~~--~~~~--

Kore. 2.,1 0.'5 1.75 0.18 0.15 1170 510 7.5 ,. 
Japan • • * 0.:58 1.90 0.42 0.20 502 556 5.0 2' 
Tbailand 2.'8 0.25 1 .25 0.10 0.17 648 '22 7.2 " 
India 1.77 0.20 2.28 0.55 0.51 988 219 7.0 17 



APPDDIX IT 

ur:aa! OJ In ON DRY MlTTER AND III OOl'lTIlft II RIO. 

PartloulaM 
PhiUipin •• India 

o PPI 40 PPI o p~ 40 p~ o Pili 40". 

0.5' 1 • ." .1 .78 5.71 1 .02 2.81 

Zino oont.nt(p,.)19 " a 151 9 



.lPPDDIX T 

:I.l:J.IOT 01 MIOROIUTRIBNT DDIOIDOIKI O. JUOB 

~----~--~~--~-~~--~-~---~-~-~~------~~-~--~~-~~-~~---~ 
A:~.r ... "icht Leqtll .0. of Ooloar 

Part10u.lar. 1'0. of of of l.a ••• 
till.r. .boot "ot per Leaf ... " (0.) (n) plazn 

-~--~-~-.-~~--~~----~~------~~--~-~--~--~-----.--------
Oo.pl.t. 19 36 • • Maa, Liaht ,ft •• L1cJtt _:rewa 
- Boroa 17 21 14.0 MaIl7 Dark an .. bod 

- Mangan ••• 1 10 2.5 5 - , Light p ••• Bz-owa 

- Zino 1 16 6.5 , - ., Lilht ,re" bow. 

- OlIlor1_ 17 28 • • Mall, Dark cre •• J'i)rea. 

- Oopper 14 3' • • JIlul Blu. ,re •• Son 
- MolJb4.JlWl " 34 • • Man, Licht ,.110 •• 1'OWIl 



.APPENDIX TI 

OONOElTRATIOI' OJ' JlUTRIll:ft .BLIMEftS II lUO. 

~~~----~--------~-~-----~----~-------~~--~---~~~-~-------~~ 
11' P :t 0& Ms r. MIL 11°2 Sa 

---~---------~----~~~----~~---~-----~-__ -~II!_-II!_~--~~~~ __ __ 

No~al 1.77 0.20 2.28 0.5' 0.,1 988 219 7.0 17 
plllllt 

Z11lo 
4.!lol.n~ 0.26 0.06 '.32 0.48 0 • .,1 .", 1,8 11.8 • 
plant 
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