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Ghopten1
TUTHOLUSTILL:

Irvon chiorocis 1o potenmtinlly o protlol o wout
eundongeous solls, [{otoibly a thdir of the world's Jond 18
gulonyeous nt tix surface horicon. % oowirplty of e
diloditation of iyon 18 shown by tin yoports of follur of
erovs liw corphum, cugnroans, grnpes ete. o tin eolooreous
solis of Hularnshtrs., oy footor that deereroos pvallcobility
of iron in o soll or cowpetes in the obeorption mrocnss
cotutributcs to iron chiorcsls,

iyon deficicncy s rorbaps % poot Cifficuit of cdl
rinernl defieciuncios Lo cormect, Lwrgonie forvde of izon do
not wsunlly correct iron chilorocic unless chnopous quantitics
of iron sre oppliod leoonlly erowsi o by oF Chpub, Plant
de fdelonedos of dron wundly hove Lean corm ot by odding
wintively eapensive chwlates of ilron to bLih valuwe cavh-orope.
ipon chelates bave been offective agents for cuoniying ison to
plants, but Mob coste preclude thelr oxtorns i Wwe particulanly
for grodn erens 1ike corghus, irven uptuke 4o found %o be



wetionlly controlliod in o erops like coylicn, tmdze ete,
ond the solution to ik ryoblot 1iev in scliectlon of slants

that can extyoet ivon fnom the root coviromunt. Uoe of iron
chuletes appoars o0 0 elopunp aBWe reiber han o emanent
solution., Litewoture chows the utility of voo iron chelates
Iike Ic Ui ( divon oolt of othylomdiomine totraacctio aedd

and FebLidk, ¢ iyon codt of ethylomdiasine UL O-hydroxyprenylac
neld. » for cormcoting ivon deficicvneles in cyprg ¢spéelally on
enlcareows soliv, Dubt these chelates ayxe mobt o for nanufuctare
in Indle ond hnet awe secuized to LE lmpopbou,. Jhe cost of
such lpportid iron chelatis 12 usually teyond tix yeach of an
average Indion farwer, tlur foaners ave, thopliopc, Jeft with
no ovher wlternotive exoept to we imorgonie sodt of dren viz,
forrous swiphete for comrection of iron deflciopoics of their
CPODG o

in on atteopt o study end evoluats oicop and effective
cource/s of iron for corrcotion of ironechlorosis, sand culture
experivents on walpe ( J0Q BEYS J vorlety . coonn . ouble Hybrid
and o orghis ( corcbik bloolor ¢ . botneh - vericty 2007 - were
conducted in the labaretory of rgricultural - xoicotyy and Lol
-edenee Lepartoent of Mabatvs Pbhule Hpfshl Vioyepcoth, Pnhurd
in 1076-77, ile oblectiws of tix cureripcntc vao (0 assoss
the efivctiwness of a loeally syntlesised ivon oxlote viz,
iron bumatc ond thyeo cormercially aveilallic fron clvilstes
viz, iron oxndate, lron citrete and dron Lartorci Ry comparing



thon with 1o T angd ieldly,., lor this purposc, ¢ffwcts of
these ipon sourets on the dry wetier nod Lron oo ehloyophyil
corbents of palee ond corgbur plants prown In cond cwldare
werc studied,






Lhepho w2
FRVIEL ofF 1IZERNTUE

Sed Chloresds of plonts thnt cun o cured Ly Glemiying

iron to chiorctic ploats and honee sofermd to oo “Iron
Chlercsie® 45 mot onmly the oldoct imown deficionpy disense

of plente ( Cris, 183, 1thb 3, but 15 cdoo tin pest widesprent
rdnerad nutritionnl disowier in the world, copocinily on the
culeareous codls wvhich cover pore than obi-third azen of thoe
vorld ( Droun, 199563 19013 - odlmec ond iunb, 2000 1. e
sivorpder ot teon reportd frou difforent oprocllootie sold
rodons of Indda ( Spoywalo and fobhrotrs, 19633 _ammy ond

i cndbawa, 1970 |,

Sel Faoctops comucdve fo iron chlopuiis

lyvon s abundantly orescnt in the 1litlounbire,
Call] i3 = We2  or more { Jachoon, i96h ), loor ¢f lrob in
rooting wediue 45 rarly ¢ ¢ouse o f Sron & floloney { Ladlacc
and iewltby 1086 ). oines fpon chlorocis roowl® ip seriows
ceototic losics to agricuiturel cod bogticuitursl crops the
nroblor bes boen imveptipgnted fyon vorious ongico, and
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difforent fhoets of the dlsorders howe mon diccuwpsed bWy
seversl wvoriesc ( Jhorme, ot ol. 19501 Dpown 1956, 1060, 19613
trown, ¢t ol, 19593 -ollsoe end iunt, 19603 -cllacc, 1962, 1971
lowitt, 1963; little, 1971 ;. Tie principel foetors conducive
to ivon chlorucis are oo undey

1. gk vama in sodl

2. I4gh vicarborate in voll, or Srriontion water
3, iieh lewelr of beavy tetolieln, U, [y obe.
b, lUnbolanetd cation yatioo.

ie wiv of & fov fectors conducdw & iron cldorosis
e detoldod bolow an ik vasis of avalliable Jitopnbture,

2243 Menrbonate :

Topetuc o Eﬁ’?{za taves tigeidon was provided by Haxley
i 1ander ( 1oh6 . vho reported thet irricution relotively
bigh in biecrbonatos induced chloresis in opples and pengyes,
in 3 soll sQullen i concentration of blearbonnts lon is
related to ecration and under glwen mﬁ%&m 2 inerenses
vith incrcacing Lo, pressure. leuthor,( 1G47 ) und FoeGeorge
{ 1991 ; have considered poor codl aeration ol pooy dyuinage
as faetors contyibuting to lisc-inuucnd chlomois. Toor
soll seration resulits in deorensed parctlal sreucure of oxygen
crd ingrycased rpessure of carbomdioxide, thw inorensing the
coneentration of the Mesrbomabtc lon in S 208) colublon,



rorter ond Thome ( 1997 J wore shie to denonotrate
chlorocis 4n veans at high Wenrbomte lewls rogaxiless of
the pil of the solution., n the contyory, frpwn ¢ 31060 ° did
mt observe ony chlorouis in P1 soytoons with addition of
10 we/l of m;%B to the solutlon culture in the cteence of
ie or b, & pugpested thet tie effoct of bicorbomic on he
developeent of i¢ chioresis appenre to o one ubilch is indirect
gother than drect.

Sede2 Guitimm

Jertedn plonts absorb J0us Fe and uewelon ¢ chloroois
vhern comparntively bdpgh concentretion of coleiw. s pyesert in
the growth todiw ( ieﬁmrg&@l&% Thorme ¢t nd. 1950 and
Voshurgh o6 ol, 198 ', ligh conecntioticns of enleiuws dm the
soll have Loen thoupht Co e o major cauwsative fnotor of
iteChlomocis | Lrown, 1996 ond vallaoe & lunt, 1960 ), but
afivet of e 48 difficlt to soporats fyor the ¢fivet of
soll i on Lfyvon avellabdlivy, Irom ves internclly inmctivated
in plants { Srown, 66 al, 1995 . orincipally fyon the cotibined
g ficet of rhosphorues ond calelum, recsulting in the foreation
of & couplex ngoluble onde., Caleofw pwst bo wrecunt in woebh
bigher concuntration in sulntretc ¢o Interfoye with e uptake
and troneport Lo oy proat degyec, ilinglc, of cd, ( 2963
eopaluded fyon thedir cxperivents that crlclw conocntration
had %o exeucd § 3 1073 K befor the conorntrotion of Te in
Whe exdote wos lower thon the cordrod.



codolm: pay nob e & fector in all eocec of iron
ehloyouis boenwse deoreansed leaf caledwr 1o o chameterdntic
in post casce of 4ren chloypels, .yrepgise wbuwoen iron and
enledws bos not beon stwdled to oy gwat extiubl, The effeot
f cxeess cedodun in o sodl is penerally astooiatod with high
pll npd corsecusnt wnavelladility of dron { ickock, 1959 ).

20243 Fangmwse &

Tix doportanns of thu watlo of iron 4o conpmigse in
piont ticowss has been pointed out by sewverel worilys anmd
data have suggested thot & mtio of 1.5 to 2.9 L¢ yequired
for norcal growth ( ohiwe, 1041 o, Twysen U IOWT & hes
woportsd that pangonese deflclongy oyplas on onle wre
identiccl to thosc of iron toxielity and iron chisrocls lae
been produccd by inercnoing thoe calgenese Jowels. lomers and
whive { 1942 7 in a classlc paper cleafly donomotmbod that
the wangancsc/iron ratio was of ipportonc: in detemining
wiether soybean plante showad syoptore of ehllomocic op
appeared heelily, clicrosis appoaring wien U roatdio wes
cither too high ( Vancanese toxicity & or top lov { hapcanesc
defioloney . They further statoc tint the ipon comtunt of
plant was higker ot o Jovw than ot kigh mengopcoc Jowl 4n
oyowih pedio indionting that fyon and watpmwoc ghow seciproon.
relotiorship in obsorption. Chaopran and Lpvun ¢ 1082 O and
ietappue ( 1S | sugpested that empeto rengpiese binders the



tenasdocation of dron by remicring lpon in G olont into an
dnvolutle forn, All thooe trends suggest intugnction betweorn
i ond vanpprpse in the dewloptent of toricliy or deflciuney.
tovever, Tancio and lovasepe ( 1066 ) in Shxiy exporisent on
rhee gould not suggest lo/Mn et 88 8 fector of whieh
developuet of Ivon &6 ficlency ecyopton doponal .

Thug iron chloyocis i5 an outcott of voll footoss that
poduce ite avaldlabllity o nloiks or 48 enweed by poor
cfilgdency of the plant for cleorption, trnntioontion o
ubilization of iron, Jeninkiing won the toll foctors, iren
chiloroiis wny be qualified as corbonatoeioducc., beazbonpte.
xiueec, lce-imiucud, phosphate. induced o loovy wetal
{ kny Cu, oo, Lo, V, Go, 5, ste. ‘-induoed

23 <lagnotis of ivon chlorouis :

a) lron in t4sowe and rooting cediw

Evgluntion of avellability of iron to nicnto has been
quite protlcmmtic as nelither analysis of "gvallcbie” ivon
sohtent of colls ( Thowne, 194l Thorne and i.cdlaec, 10}
visen and vazlson, 19%9s Cellego and labordn, 19983 ‘gaywals
cnd Hebrotre, 1963 1, nor the tisew contemt of iron in plante
provide ony redliable index of iron svelleblliity { lchrot
ot al,, 1976 ..

b Concentration of other nutrisod ¢lonio

iron dolinicney, whethur Srue or induccd, moults in



ramMed changes in the conoontration of other mutricnt elecents
ond sugpestions nhave been vade to wo tiscue sonecntration of
certoln eloments ( other than iven | 08 ob index of evallablliy;
of iron to piente. Iron chlowvosis is olposl clwoys astoclated
with inerousc of potessium, nitiogen, copper, volylionuw and
boron. 1o most cases the chlorotle leawes elio contodn bigher
conountratisn of rine, codium, phourhorws ond cuiphar than
rogusl green leawee ( Nehyotrn, ot ol. 1976 .

¢) livtrient rotdos

Leveral workere have sugrested the we of cortain
nutrdent mitlos for iduntifying Sfron chlorsic., Inloch and
his associates ( 1060 | suggest that high B/l ol [ /fle retios
in viant tissues arc sugmestive of fron doflcivnoy. <opers
ond shive ( 2042 ! ond ¢'SWldven { 1966 | fdeniified o high
Mn/ic ratio as characteristic of iyon chloroiis ixpecpéotive
of it cawse, Mehrotrn ot ol, ( 2976 0 suroect that iron
defielont plarts are always ossoclatod with Ligh u/fie retio
snd geperelly o high ‘nfle gotio ooy W wod oo an index of
iron deflciency. Cangwor and hann { 1970 | olovrved tiat zine
application to rice field maykedly decreccod iyon and oonganese
cono:ntretdcosn: in plant. Tates and ipwetsch ¢ 1U¥3 ) oteerved
I Geficioney in two varieticvs of corn when muirient selution
wos supplicd with mowe ¢ { 7 R pme . Dub slcllor meuwlte
were not olsorved under £i6ld condition whoo Ligicy yates of
Fowere applicd { 5000 kg/he 1. nllace b 1. L 1976 0 in



0

thodr study of comparisen of the effeets of hich levels of

ATH  dxon salt of diothylene trisoine pentoaoctic scid -

and Blils on wicronutpient wltaie b Duwheleons oloorved that
both agonte reculted in cargs incrcober ob [G 40 obhoobs.
icaffotor ratio wverc incweosed by JIs for Yo nml il and to &
leseer extent for Ic and On dndleeting seus Lrancpord through
the plante ad the veted chelates, 2Wman { 1040 | has peported
thot nanganoue deficloncy symptons ob osts wor ildenticel to
thove of ilmn toxloity end ivon chlovosis Imd Loecn produced by
inercas ing the soanpanese ewls,

d) Crgonic ecid

Flants exkibiting ivon chlorosis are wportcd to show
e daturbane in organle acdd vetebolise whioeh is genexelly
sspociated vith ingrease in the concentmabtion of citric scld
¢ Loteorge, A949; 11jin, 195); kloades, et al. 19593 ockook
and Vorrison, 1958 °. ilekook and Forrison { 1996, 1958 .
hewe sugmestod o high tricusboxylic to dlenrlozylie aeld
ratio in the chloyotic lewves ap suggestive of lron & flicicnoy,

¢) llitrogen totobolisw

«everal vorkeps pave obsurved that tix cidorotic tissue
wilergoes o vajor disturbones in nditrogen votobollum, the
dizopdey Weing cemmrslly assoclated vith incyonood acouesliation
of wino-ooido in the plants shoving ivon cllorosis (lehrotru,
gt .



11

ftador controlled eoltu** eOt»St$«i3, irai aefloteaay
Is foova to aoat& SG tfa* aotMity of Hon cncyeae e&tftl*t
| *l«nsay and Itag, 1971 )» «*rlosSde& e C <*8o*wlat «t el»
1971 ) aM Cytoettmoaldftte C ramfe aad imuf« 1960 >
Ifetuectia «t al« C 1976 # gUMtttiat4 that dod<ex<? 4B
etilorsptiyalt pfistoiii oltfog»D anfi the aetlvitgr of ©atalai»g
IJiica®0# «na uteisia ptoopfeotyiagti on* loiilatlQBt is the
activity of riteonaOaant ant EO@MED fyiosft*pbat&ae |s
clslorotie ..cmt taa* oSTW &» & OtEA tlecfecttle&| lutes of

2" Ooffeetloii of isoti aUUmi«&la

Utvitt C 195" *oferomH tbat vt»n gteua vitfo teutiani
©ulte® Dotation* vbm fiitE gtri %M ptmiM”~ m ifttial* m&
lion &® iferrie eltvtte rice plant Btomd Hon dal*fe<3ft* But
Ad@g@ { Zv30 ; rouitd tic&t witli dtMtft i&tfog&ka, ffttiia
oltiiato, ifefrto*tartafs&tfe vaie gooi iKOWCCx of x*oa but
|a©*&aiii© foitii of isoft lite Ifcrale ©Oa**IC* $»ST10 pliaapliata
ittl Sulcus atfl*faate van not euttata* Uw- couroae tho
laofgame tow of 4&onwt ltouns to fet otfttclfto cam” viea
tt* 9UTOC of JtitSOfBtt IN* aNJOttUtt*  AgafINta Ot :u,'19" 6
u&iag itrrle cfoloriiit ¢ fttttowa ilptm%£» Eurrla* ollaMt*t
lorrlo»teftavatel fefrieSW*: and fowto-E,,";*; e e nogfo*
of Una fionad tbat flea plants ocoHM utilise eH SS«wOs of



iz

iron olmost cqually well with sawondw: or srvonive nitynte as

a source of mitrogen, lloe plants reociving nitrote or ures
oould utiddsc ferriollT but cowld not wtilire furric chloride,
forrioecitrate or forric o Uin ond could wery pootly utilige
ferrous sulptote and ferricetartorcte. The gyovth with
fopricel Ul ag sourec of iyon and nitrete end wrve o8 Souroes
of mtrogen wal &%41) depresond o8 coppamed to plonts grown
vith emroniue or couomdus nitrate,

Hodgeon { 1967 . hes sugoooted that coopliexing sgents
can increas: the ovailability of micerormatrivats to plante by
incrvosing thedir woes-Ilow to roots through (w voll,
sebrdtger ( 1900 ; suggosted thab fwiviceacid 'on positive
cffoctn on oot inltiation, vhich appours to I pelated to
its wetal coxplexing aldlity. lany wvorims { Ioclnwibh, 19503
+ues0ll, 1961 & found thet huwsto-acid can hold metallic fono
in particwlar izon, in solution, Martin and .ceve ( 1958 !
are of the opindon that bond botwion the vetel lon and the
bupate andon invelves complex forvation,

29 Cielateo 2

Cielation of wtal ieme ocouyring in the vicindty of
plant voote rleys an foportant solc 4o supplylng mutrients to
piants, vore it ot for this ivportart phonorcnon, most solls
would be devold of plant growth boeauwsc irxon ofxl, 4in some
cases, sinc, copper, and vangamese aye oo inoolulle in solls
to valmtain adequate levels of sciuble nutricnts,
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The pricary rdle of ciwlating agent io to uolw the irvon
vater soluble and wore accuseibie to plant roct. tollace
{ 1556 ° has 1isted tbe charscterictics thet o acouptoable
chelote wust have

1.

3.

b,

G
6.

7

8.

Do

e wotal [ e, In, In erCu ? in Lhe chelate ring
puwt ot v caslly repleced by otlor mednls.

e petal odelate wust be stable ocpninst hydrolysis,
it chelating agent wwt not e docoupnoed by soll
rieroorganiseo,

The metel chelate opust be water solubic,

ahe chelate pust not e cesily fiwmd in soll,

he petel must e avallable to tiX ~lond tithey at
root surface orf somewhere in the ~doné,

“he chelating agent oust te nontoxic %o plamds 4in
the smounts reeded,

ikt petal ololote mmt o In e forr cusily epplied
to 204 or to plants,

i petal chelabe pust e imexpincive,

246 Stabllity of wetal chelates

The wvord chelats comme fror the Greck cigdfiying clew
ol gefere to the ping configurntlion whon o 1tal ion combines
vith tuo or pore eloctyon donovs, There arc o large nupier of
ehelating agents but the clectron donors which bind to the



b1

totals are limited to mitrogen, oxygen and culiupr { tewvart
and lecbard, 195 /. . fter a chelate 1s forrnd, the oetal
ceepes to have 1ts lonic chomienl properticc, liaturelly
occurring chelates are eitrie, tartaric, oxelic and asdno seido
e very ocolsetive chelates are chlovoplyll, o nagnecive
chelato, ani the cytochrorts which age very cteblie iron
couplems,

Tre cholation mootion procecds according to the lew
of uass action ( Utewert and lconard, 19%%

Vetel fon - chelating agent .. . mtcl chalate,

( Wetal chelate -
K ' B R AR RRRLARI I _ £52 s U R HE EHCININRE

wii- rec tetol i&nB 2 (chelasticy agent

A fu the oquilibriw comstant of the svootblon and
defines the wolay ratio of the motal whieh gocure in the
dwlate to the wetal in the loniped state, dnic £ 13 wery
lopge, the retol lon conccntraticn I8 very soalli, The o
value 8 convonly veferred to oo the stablliity conutoasdt of
the chelate ond will vary depending on the votal, chelating
agent, and other factors, Stobllity comstants aye wsually
cxpresod as V@ logarithe of the k valus, Ux bhigher the
dog I valw the wmore steble ie t¢he complex onu the 2esser
the tendency for the couplox to yield cetal Lo,

¢ properties of chelatec vary with L, for ozamnle,



5

above pli 6, the o fon will compete with DT for te*'*
uncdil, at cbout pH 8, kuih osases to be & wory eficotive
chelate for this metal. Iron chelated in G oodl by the
above chelates becoues a rart of mepgatively claresd anton
vhieh walms 1t Jess suwsoeptiblo to comvercion ¢o an
anovallable fors and doindcles She tendency f the lron
to o precipitoted a5 on insoluble hydyated ipon oxide. The
sboorption of chelated iron by the ~lant epponic to te
geveried bty those factors whbich central anion abuorotion,
Iyon chelntes whiech eshibit th least tendoney to Mind
bydrozyl dons and bave the greaptest stabdlily, oo tessured
by the stability comstant, are tho onse vhich chew the least
tendoency to dissociate in rooting medis ¢ | mll et al. 19%7 .

- watdliity diagrece qrovide s comverdint ceans for
representing and interpreting wetul olrlate ¢puwllilyria,
With the aid of thesc dingravs, the sajor conotqutnoes of
pany interdependent egullibria vay e visualiccd cnd understood
quiekly,

2.60.1 Utability of individuel chelates

me%

he stability dlasgrse for | U0h 48 presunted in Tig. s
vhero wole fyaction of LOTh ssgociated with coch cotion is
plotted on a log scale. Lhe plotted value: covir i yange
from 1073 to 107 which 48, of course, tht roax from 0,071 to 1,
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L. cholates be°' alwost exclusively txlow pH 6.3,
Cotpotition from Co ¥ beoowes inerccangly importont above
pli 6 and Crecholates predouinate cbove spprorivetcly pl 6,8
{ Logwell, 1972 ). These conclusions aye in czoellont
agrecuent vith studles of reactions of EDTs 4n collo
{ HMlleCotolighon and lloydedomes, 1997 Lincsoy ob ol, 19673
liorwell ond idndssy, 19693 tallace et £, 1955 .

%g°* io 0ls0 o weok coppetitor for LiTh ond o PE0
ohelates should rot be izportant in coile Wwcos unot
concentrations aye sovercly depmessed, he nictonnted species
of LiTh o of ouch Jower atability, and they do Mot appeay
within the pangs of modc frections plotted ( loyweld, 1972 ..

CITRIE

“he stabllity dlagrac for citrate in oodl csolution is
dowinated by ile, Coe, ond ¥g- chelatos ( I8p, 3B 0. AlefXT
dordnntos fros oll b to 6,7 and serloucly Jfuits CIT o8 en
effoctive chelating agest for Foo®, ewen unicr ncld sedl
conditions, Co-CIT dominates frow pll C,7 to 7.9, bt Aleond
kgwSpocdes aye also important, v catt solubil ity deoreases
above pli 7.5, 1:«CI2 increases ropidiy in ioporbonos until it
doninatos above pH 7,9, The gencrolly lov stobility of CIT
chelates is reflented by the prescner of relobively large
mle frootiors of frec ligeni, ¢ Migh nE, thke fweo IT
iigond vay bo i doudinant specieoc 4in soll selutions
{ liorwoldd, 1972 ..
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ORLLATE

St stabllity dlogroe for o) s preoonted 4n ¥ip. le.
Tide diagres s generally sivllier to tle ddocyn for CIT
oxeopt thot 1o(h chelates are ot sufficiontly stabie to
arpoer in the diagess, and e wels fpection of i fyee
ligond risop to relatdvely high dewelds owven fn neld sedl
solution, (i forcs sany muiti-ligond cowploss, ond 1te
pbabtdlity dlagroe 10 thw influeneed by the totnl ligand
concentration., Iig, lec 48 dnappreopriotc for total Ok
concontrations that differ widely from 107 I,  This is
perticuiarly true for vory high comceptrotions | lLiopwell,
agre .

2.,6.,2 uLummary of Feegholate stability

In o suwmary stability ddegros ¢ 14, 34 7, the ratio
of the concentration of cwlated-ic o the conccntration of
totol eholating ppont ie rlotted on @ linwer soale for
suveral clelates to esphasise the pore cficcetive chelates
for 1¢3*, Lotk the individual and yelative stabilities of
tix lo-ohalates vary as o function of pll 4 solil solution.
The wain livdtation to chelation of Feo* by 0i, ¢1Z, IUA

Gitrilotriacetic acdd o, nGIA { etihylepe Dycotiouino
cthyiethor totrancetate  and B 0D, ( Dyirosy othyisthylene
diopine triecotic acld . ardsec froo the compotition of A1
and Ca®” with To7" for tbese chelating ligend:., vomctition
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frou Co* nlone significently limits chelaotion of Te ' by
Eia, GUMA ¢ yclobesanc digmire totyoncetic acid  and
HAea [ aethyiene triacine poptasoetic aeid @ bub thdis does
not tecome important until pli £i50s above & to V. imong tie
cholating agents congldersd, | DUl 49 unlcwe Loeouny
chezation of JeJ' 18 not ceriously liwdted by ccmpctition
froo I, Co*, 1g”?, or 513* ir the o rengr from b to O

( lorwsdl, 1972 .

2.7 wols of chelates mar plont root

The effectivwmor of wetal clwlates no total ecarriers
in solls depends ob the Fate of tholr disappoceotes fyeu the
soil solution, which ie sulated %W theiy cloliliiiy., otablility
diagrore of oynthetic wtdeochelates in soll colutlons under
equilibrim: conditions ( limdony and liorwell, 1609 lorwell,
1972 } togotixy with experirental data on (hx Jlsappearcnos of
these coppounds frow the soll soldubien . Lorwll, 19724
ualiaow W1963; vallacc and ilunt, 1950 | provide an adequate
tasis for undewystonding their Lehaviour in coll-wntor systen,
Affercnocs apong the various iron chalatos npe of conoern
princdpally tecausc of thelr rolative stabllitics ot high pi
volues, Thus, Fbul. ls uweoful in sofls thet s olightly
acid, but in solils sbove pli 7,0, olber fron cleiates Lecone
increps ingly effective in the opder Fe IEE. T, [ iyom salt of
bhydroxycthyl ethylene dismine tyiscetete ', . U074, amd
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Fel.bglin., lor use in onlesyeous solls, lebiuls 1o -robobly
to be wocomronded ( balliban et &8, 1975 .

The greategt benefit frov chelates in inewcaolng
nubrient availabllity in solls is teliewd to be due to their
efivet on difiwion uni cass flow of nmutricntc in Gie lemediate
vieinity of 2ot roots Lligewhwry ot al, ( 2070
dopons trated that chelating agonte can inoxeosc $he diffusion
of nutrients by wing a stislated root Socchnlque, They
showed that chelating agents played an lmporinit mle in
overcoming the roetee-liniting sterw of solution snd diffusion
which are largely seoponsilbilc for the mowvercnt of sicronmstrient
cations An sodls, Hodgson et sl. ( 1967 ) chowcd that 2 x 3073
cltrate acting as obtlating spent increamed Wx tromeport of On
through agar jel frow o cuCGy SoUrcs by 100eindd. Y0 vesuits
corpare fuvourally with a thoorctigel twrectunt of the
pojubility and diffussiomsl proowss involved., O'Commor ot al,
{ 1571 ! chowed that oddition of Yl Lldlh inercosod the golf
diffussion of I's in sollvg they also chowed tint the uptake of
ie by sorghus reots was directly rolated to totol coluble Fe in
solution. ibe evidence 1s reapidly accumulating tint chelating
ngente provide o peons of scluwbilicing mieranutricnd ontions
~ad that the increased concuntmmbtion lewels ryovide greater
diffwion pradiente for the tyatsport of I'ec in sollio,

The guweation of whether cimlated tetcl Culcrs e root
intact or wiothepy the complox dissociates abt LIk reot surfaco
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& often osked. ﬁauwa@( 1963 : nnd Bill-Cotilnghon and
Lloyd~Jonse { 1965 ; concluded W.ot both wehanisns aye
oreretive. loccntly Chawy € al, { 1972 0 nropobod that
reductlon of 1e-* at the oot supfoce 16 foportont in raking
clslated 1o gynlishle for aboorption,

2.8 Tate of chelates applied tw coll

labav, and Hochberg ( 1979 attributcd Six diseppecynno
of &n and Lron from oodld sodution afler the ir addlition o
solutle metale.clolates due to adoorption and flantion., The
fization of iron applied as Iebld. wos found G 0 a fizet
opxdey yesction, They aloo observed that Fol U was reither
alsorbed nokr wos 1t8 ironm fixed Wy the sodl to any cignifiennt
extent.

The effectivermst of chelates vay o sliewd
differentially by voriation in seoil toxtum., .ooe oetal
ckelates ave fised fryoveyeilly on the clay in Solld wihile
others are not fMwed ( Lallaes snd lunt, 1956 .

+ fow workers have moted deficioney ayrpitors o
deoyenses in wptake of certodn dlvolent setulo vion le was
supplied in chelated fore. ivkoek and Hitcixll ( 1997
found that divelent patals were sloorbed leso yoodily in
cholated than in fonle form, GWnn and Jolux. & 4003 )
ehserved the effect of IeEDIA and Ielkl Ll i Gecsunsing
the uwptake of divalent mtals such o8 coprtr rnd cine, may
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b at leost maptly de to sece of the diveliont pedals Leconing
ekclated,

2.9 lollar appliecation

lyon chelate solutions haw also Leen uwsdd oo follar
sprays, b Lgve somt copplexes formwlated by edcing iron to
patursl plant preducts, I princinal adventosr of theose
raterials over faprous sulfate lise 1o a soduccd toxloily to
plants, thoreby weking possible the we of Liger
concentrations, In gope Gaues, conoentroticrs oo high as five
pounds per hundred gallons have been uwsed satlufoctorily,
although Iekiin, Teldrs ond FeHLUIA aye oftcn toxic at thio
consentration. The wvalue of such gnpoys doncidl ~ricarily
on the specice of plant., For imstanos, Wy how een quite
tuocens ful on cucelyptus snd acacla tyees, it nye of
questionatlc value on citrus and evooade trooc { .allihen, 19795

Sinch aml singh { 1966 ) found that application of
cholated fors of ivop Fewllis at i rote of & Lg/ba in the
sodl supplevcnted by < follar cppnying of Coudvdent soount
of eltratc o taptaretc forms of iron dn thmo oppoyings uvede
BO per cont wice seedling: survive @1 trusp anting e
aguinst complets mortuliiy in chech nlots.






Chapter- 3
BATERIAL , MBTBODG ALD BRERDELTIN

33 taterinls

3.1.1 Cemd s

White guarte and { Jlese than 2 tm ;. vos used after
glving mpeated washings vith b rer cent lydrochloric acid,
2 per oent a0l and distillisd water umtil fyec of chlorides,

3.1.2 Soil

Roncoloapeous btlachk soldl { U«20 oo 2 m, vertisol
from Agricditural College Fam ( Veilogh: }, Fusg-5 was wed
ol it portiment properties are given in Tobic 1,

3¢1+s3 Calelum carbonate

llaturally oocurring caleiun carbomtc nodulics were
collected from village Gada, Met, Alcednagony, gyound, sisved
through 2 un sieve and used for the puyposc, It contalned
73 % calcy equivalent,

(=3

3:1.“ ueods
a) Sovghue ( orghie biceder (1) MHocnch 3
A pale sterile parent ( 2077 ) of Ueielle~5 suprliecd
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Table 1. Loil physico-oheuicel nyopurtice of Gho
sodl used.

Location - I [lock, Lollege of Agricullturc .oy,
3"{5 W»E’;.
¥ ropertios

L . T S TN SR e SN b TR WA A o s T P A R = - au T e

P A e TR HENB, % Al A S O g S e ORI LTSS N T Tk SR e kSl

fhysical propestice
Sand { / 2a
S8 (53 29l
Clay () %9, 50
leztural cless clay

Leewical properiice
pi ( L,C ) a2 7
E¢ (113) tmbo/em at 25°C CeBL
Total nitrogen (i) O.072
{rganie carvon () 1,05
CaCug equivalent 0u35
EC (ee/200 g) 49,50
Total irvon (ppm) 3200
Avalleble iron (ppw) 1.5




as

ty Sorghus broedsr, Mehatsa Phulc Ertehi Uidynpe
vas used.

b; Indge ( Do pays @

iecten Double Hybrid wariety of voire cwmlicd by the
JArector of Fayes, Mabatue Phule Urishi Vidyoncoth, Labuel
Vel Wed.

34145 1lron souress

The Lyon soupces wed 4in e expericents wOIe
ethylemmdiamine tetrsacetic acid-ferric motiovodiun calt
(FEEDIA), lerrouws Uulphate (Feuty 7hH,0 ) Ferric citrate,
forric tartarote, Ferrows oxslate ond iryon hupate., The
details of these cowpounde are given in Tohio 2,

3&1#6 FoX i, H
well decowposed FY¥ ( L 2 mn ) wvas wod.
Jels7 04l culture pots

Flastic buckete ( dismeten-27 on, Inichte2) o ° of
13-litre copneity were wed for pot culture oxrcrivent using
wodiwe blacik soll,

3.1.8 Ffend cwiture pots

wynthetic polytherms oylimdrieanl pote of ll-on diametor
and 18-ou belght heving l-cm droinage hole st tiv lowest ond
of the side were wsed foy the sand culture cuntrivent,
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inble 2, The dotelils ‘of iron couross wWod.

TR ¢ A RO s AR ORI L ITRED 37 3 00 WA G AT AT T RSN | A A

Lost of the

contont compound

lLaboratory cuwpunsion
frov ' end in

iron chlopide watey
{ivtatls

given ¢n

section 3,2.,2:

1.8.,180/000 g

L.8,96/500 g

Po,00/50 g

N, 35/500 g

u&;!ﬁ/ﬁm g

iron Chtalned Tom iren
sOuros fron
hthylemedioeine LY Powde ¥ 1l.3
wirencs tie Chenleals
acld=ferric 1td,,
sonotoddu salt FPools
ingland
CTepric citrante Hiedel. Groannuiayr 1..0
sehen
Lg Gbeelre-
Hannover
Iverie Aprut veystaldde 1L.0
tortarate induwtyial
Products ,
Doubay
Ferrous few Vodorn TFowder 746
cxelate Chesdeal
oo \
ﬁ &% gumn Lrvstalline 20,8
{Analar) Hgggo
Pet, itd,,
loutey .
iron bwpatc Prepared in Colloddul 20,0

AN AR



3.2 Vethods
3e2e3 CLodd apmlysis
The soil wos onnlysed by standard methods of ammlyeis

inble 3 @ kethods uwsed for voll anmlynis,

PN BEE 1, e A Replea, Gisat  uo o o TR AR ST SR

mcw ristie ;wmﬂ m w"?’m”
1. Yartiele sigze Douyoucos hydromcicy Doupouwoos (1962
distribution
s Colelun carbonate Frecsure celeimetsr  Lkinmey ond
squlvalent Lletead (1958)
3, Urganic ecarbon walldey ilack Jachoon {1998
b, Total nityogen Kjeldahl sethod bremmey (1965)
ge GC ami smponive soctete Jookson u.gga?
exchangsable shd sodium acetate Chopmem  (1965)
cation
6, Sodd pl Fotenticmatric Jackson (1058)
7. &Qeotrical Conductopetric Jackson (19958}
conductivity
8. Total iren Jagkson (19%8)
9. ~vallebie iron Olsen and Caylsom Jookson (1998)

3.2.2 Proparation of iron hupate

Iron Inmeate was nrepared in the laboratory. 14fty grar
of Tarv Yard Fanuse vas shalsn with 500 ed of 7,9 J lall
solution in l-1itse pismstie bottle for 2% hours. Yollowing
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centrifugation at 2000 rpu for 10 vdmutec, LIx swrematont
wat decnnted and adjuwsted to pH 0,9 ond ollowd to ostamd
overnight, “ihw precipitate | bueie acid | voo sopommted by
centrifugation. Yo this waterial 10 ver cunt ferrip cdloridc
vas addod and shaken 4n l.litye rlastie bottic for 8 houre.
Following thx centrifugstion at 2000 mm for 10 vinmtes tie
supernatant vas tramforred to disdysic bogo cnd dladysed
¢xhaustivcly ogalnst digtiiled wator until froc of chloyides.
iron bumate thus propared wes rewoved frov tho m:\:ﬁtu
volure of 250 wl and Fe content was detersimcd ly

orthophenantizoline sethod,

3.2.3 Tlamt anslysis
a) Preparation of rlant comvle

Tre harvestud ~lants wers vashed vith distilled water,
the excess watey vas blotted with a fllter popor, Fresh
weights of nlent tops as well as nlent roots woiv rWeorded,
e ehlorophyll contunt of the fresh youngeot lenf of the
plont wes deterpinmed, The plant material woo dricd in e
foroed alr oven at 70% and the dry matter vos yecorded. The
dried sappise were ground wing 2 proetliain mortar and pestle,

The plant sasples were osnalywed Ly wing &tondard
pothods of analysis a8 given in Toble &,
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Tutic b, Hethods of plant ann yoio.

Faroreter Fethod uged ) - e L
thlorophyll Acetone extranetion fpmen, vel. (1989
iron Orthopbe nenthroline Jeclkoon (1558}
Fanganese Potassiwe vetaporiodote Jockoon (1998)

R e T o RS NS HRE TS TR ARG At R R

The fresh pleants vere extrocted with acutore and the
extract read on Speotronic.20 at 645 and 663 2 A Sor
chlorophyll widls the powdered Cry plant caplcs were digested
using l?‘z%%«f::-3 + 1A, ( 5:2 © end the extpact wil wod foF
deterudnation of Te and kn { 1ipor, I9W2

The data on fresh and dry weights of Loigo plant tops,
conoentration and wpteke of Jo mnd En of plznt tope amd
ehloroplyll contemt of fresh youngest leaf of Lolpe weye
statistically analysed by analyeis of varisnee cetdbod for
Completuly Iandomised lesigh of the experiiont ¢ Cochyan and
Coxy 1997 . _

3.3 Lapeyicentad
3e3ed Solubility of iyon sourcss in medificd Hoonglisnd solution

1n ordey to study the solubllity of the five chelates &
the nutrient solution uwsed for growing caige peodlings


mailto:Pot@esS.lii
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¢ modd flod Hoagland solution | an experivent ves condusted.
The five ivon chelates amd ie¢l(, o an imorgonic soures for
copparison were adied to the woddfied loeglund colution so

88 to yeach conventyation of ome millivele of lxon rer liter
of the mutricnt solution, lLeperatw portion of the nutrient
solution~irven couyee piztures were adjunted ot the vl values
65 B,5, 500y SeFy 640y 6455 740, 7.5, 8.0 ond 0.5 Wy weing
dilute BCL oy Salli solutions, shaksn for two lours on 4 $o and
fro sheker ond stored in gless bBottive for o jericd of 72 houn
i1n sowe of i stored solutions, reddish precipitates wre
obseyved, . fter 72 bouwru of storege, the supernatont solutions
wvoye filtered through Whetvan Mo b2 filter paper and the izon
in the fLltrates ves detersimd by orthoplenanthrling wethod,

3.342 Sand culture experivents

oy bnowlng IR efficacy of differcit Sren coepounds
o o couproe of Fe to plants thyes sond culture experiverts
wie carried out, Two experivents vwith waloe a2 o et erop
wore caurried out from 25th Fobruawy, 1977 to 17th fopil, 1077
and 1bth o s 1977 to bth Jwe, 1977 mecpocetivwly, The
expericent with sorghue oo ke tect Qrop wet ooy ied out
from 25th February, 1977 to 17th Apmild, 1977.

The tylindrical polythens pots wsed fop e experimente
wore thoroughly weahed with BEC1 and distillcd watery, One kg
of vidte quarts sand washed with scdd, alinli ond distillad
water vob £L03ed per pot, It stood to a heipht of 16 oo



L

leoving & Jeom spaoe at the top of the plot. ¢ droinege
bole of the pot was ctoppered with s riblor ctepror ond was
woed for dratning the nutrient solution oo well ac washings
given froe tise to tire dwdng tihe expericcnt. Ile druinage
hole was covored fyou doside with o wad of ass vool o
prevent the loss of sand, To each pot 100 vl of distilled
vater wvas added to uwolsten the seand before coedin, Ly weans
of a clean glass rod, holus were tade 4n the pand up to a
dopth of b o for sowing seeds ( treated with 96 & cloohol
for about B house to prevent sweequent Bngnl gmowth,) Six
seod: of taige and clight seeds of sorghmn were sown per pob
and vere loosely covered with sand, After gosvination, e
unifore numtcr of five secdlings of pedlse end oix scedlings
of sorghum was vaintoined per pot. Ihe scedlings were watered
with distilled water { about 100 vl at theeo doyo Lntesvel
up %o 1) days after sowing. I'vow 12th doy onwardg 100 vl of
modified Noaglond mtrient solution ( Johnoon ¢t ol. 1997
adjwited at pll § to H.) vas edded rer pot eftr an interval
of 72 bouwrs, 1Ihe composition of lioagiend rutriont solution
wed is given 4n Table 5., The nubyrient eolulion wed contained
all nutrients except iron, UThroo such edcitions of nutrient
solutionh weye pade, |ach time, tix marient colution in the
pot vas leached out Uy removing the stoppir ookl Whe sand in
the pots was weshed with distilled wator by ;iving repeated
vashings before frech nutrient colubtlion was odded,



]
Tobie %, composition of wodified licaglard colution wed.

s gt e i
Itk of {optm)
solut lon

- L4 X 5
misja 6 H 22
va(litglg iy Y K 233
N, Iia?% 2 ¥ 160
kg0 7E, b § P 62

& k"3

Mg &
EGL 1 ci 177
Haitig b § b5 07
Rk Gy Eg b § n 1% b |
Lns0y, 7R, 1l o Calt
Cuse,, Sh,o 1 Cu 0.032
HghioO, (85 © o0y i Ko 0.05

* Johnson ©% al, ( 1097 ).
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veficicnay ayuptope of lron such o8 yellowing of mevly
thrown locf started gppearing wvhon the plants wore thyee weeks
old, Actual treateents of dfferent iron oourecs were applied
frou the st day onwardes ns belovw., The pulritot soluwtion
vith the iyon source was added ac per treatoont. Thwe weshing
of sand and eddition of nutriont solution wes reponted after
vvery sewnty two bowrs, The putzient solution with Lryon vas
thug applicd nine times during the Sledaye 2ife of the erop.
heye wore geven treatwents ( Teble 6 ..

Table 6, .etadis of tweatuents,

e e S S ]

RN iios ST

Code | etatds
i. Lontiold Modd ficd Hoogleand solution
) *** (without Fu),
2e Po . Yodified Doagiand soidubion
. T, e (withowt Fe) + .8 »pm Te
froe Py,
3* FeB i P Fodd {ind wm golution
(vithout 16} + ., ppm Ie
m f&:W’u
b, feox sae Hodified Hoapliand colution

(without Fe! + O, ppm Ie
frow ferrows oxnlate.

%. FeCIT san Modified Hoaciand selution
(vithout Ie} « 2,00 pow Fe
froe forric clitrmte,

6. ToaTART s Fodified Hoaglend solution
(without Ted+ 2 non e fyon

7+ VellM ves Hodlfled Hoagland sodution
(wishout Fe ) + 2,7 prwz e frow
forrie bmﬁe,'

o o/ B SN R . & s e o
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Lach treateert was replicated three tioes in the cmse
of valge and two tices in the cese of sopghus. lron hawmate
vas tried for the expuriount ol maice orop conducted from
Weh sprid, 1977 to btk 5;!5, 1977, 4t Sledoys of age, plants

wvere harvested,
3ele2 Pot culture exporicent

e noneclcavous cedium btlack soll and cnlcium
carbonate were wiasd thoroughly to bring %*"3 sontcnt to
21 per ount by weight, Ternskg portion of this cixture was
plaged in each of the sewen plastic buekets. litrogen in
the fore of urea, photphorus in tmaffm suporphosphate and
potassi in the forw of muriate of potash wns nuded snd
sizcd in top 10.om layer of soil in sagh pot fo supply B, ¥
and K at the rate of 100, 90, 50 kg/ba. lmseraleo seeds
wore sown per pot to @ depthk of Lecn and pots were vateyed.
« e gereination a unifore mmber of four nlants wae
padntedned in cach pot. The pots were watcrod froo Gime
to tine au poy vequirenent, Iht pots were Lo ploosed es
to receive sunehime only in the moming hours, ey
about WO-~doys izom deficiency symptems such ts yellowing
of pevly thrown leaf started appoaring, Iro@ hiednys of
piant age iron spray wos given with the folloving iven
coupounds & a source of irom, FelDTA, FeiQ, FeOX, JelIT,
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Felali? ang FelllM. The iron concentration of tie spray
solution woed was 0,9 per cort, Bight spruyt wers glwen
afbar every 72 houre, 7Thyec day after last oproying the
plant tops wore harvestol nnd 1ts chloropbyll, fe nnd Mn
conoi ntmtion wore deterwined su given dn ceotion 3.2.3,






Chapter-b
FBSULD: AND DIBLIRB I

ihe eaults of the five exrerimontc corried oulb are
reported and clocussed telow 4n the following sequence

Laparivert 1 pll wrsue sclubllivy of five different
chelates used.
xpevinent 2 Gand cwlture vapericent to study the
efficngy of ehelates on vodec.,
(25%h Tobrwary, 1977 to 17ub Sprdd, 1997
Pxpericent 3 ¢ Lond cultuse exporivent to study the
sfficocy of ciwlates on toles
(Ioth april, 1977 to W& Sume, 1977 .
Dapericent b @ Sond culture experiwent to stuly the
¢« fflcucy of c¢hwlates on sorghue
{29tk lebyuary, 1977 to I7ih ~wil, 1977 .
Lapsrisent 5 @ Follar spray trlal of ciwlobos on malse
grown in celeareow soll
{ Sth Mareh, 1977 wo Wth Jums, 1907 ..


http://ci.cs

¥

L9 § Lxorinent 1 ¢ pH versus solubllity of ciolates in
wodified Doagland coluiion,

Ihe dote on the Godubllifity of the diifercnt lroh bources
et differcot il values from 4,9 to 8,5 in ooddficd losgland
solution are wepoprted in Thble 7 and iipwe O 2he stendard
inorganie source vic, Ivid, Jest its solubdlity with rise in
pli fron 4,5 to 6,5 and then sopained vo¥e oF icog insolwble
up to pll 8,5, suong the cheletes, FeEUls wab he ueost soluble
sourec of irom at diffurent pH Jewwls, Howowver, colulility of
FebiiTa edso pradunlly decreansed with fnewancing ph fyom 9,0 ppo
at pH b5 to N5 ppe at 8,5, 1ol recordixi the bighest
sociuble ivon conoentretion of 17,6 ppe st pi €,0, bub the
soluddility decrecsed fest ab pll 6,5 { ¥ ppe ) ond then went on
decreasing gradusdly with furthor rise in pH, Sl conoentyation
of salwic fron from lelld source weuained sloeoct gtondy in e
narrow pange of 1,6 to 3.6 ppe. The solublic iyon frow Fehs
showed pobak solubility of bbb ppe at pH of 6,5. .be Yelall
showod the loweat soluwble fe valuks of 1.5 ol O ppm at tic
two extroces of the pll yange ( 5,9 and 8,5 recpectlively @ with
a peair of 5.8 ppo at pH 6,0,

It tay ¢ rentioned that the terc “solidio” Lyon here
includec, fonio, opuplesed, chelated &8 well &« iom palys of
iron in solu.lon, The EDTA shove a yelatively hich spocificity
for 1e3*, ond in genersl, forw vetal chelatec of high stability
¢ tiorvell, 1972 ). LDTA chelates re3* almest ozclusively btelow
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Toabls 7 : Inflwnoe of pil on soluble iron meocured from
different lron sources in wodificd Donglond

solution,
vl of Heasured soluble am a.n m&.ﬁatz iwnalam aazmewn
:glzgan xm SOUToR -
start FeRiTa 3 FeClY 1 FeOX Pmm g 1:“ @aw m;e:,*

AR ovarn, Wi ot I TR R A W AN AR Y

L3} 55.0 12.5% 2.0 1,5 24 5.9
5e0 W5.5 9.2 2.0 1.9 248 b8
7% 6,5 il.. 2 007 a5 2o
6.0 W6,5 17,6 3.6 Se8 3B 1.3

6.9 42,0 540 bk 1.k Je0 0.8
740 2,0 b6 3.0 1.0 200 0.8
745 ¥%.5 b2 2.8 09 1.6 0.6
8.0 5 3.0 2.9 0.6 2.5 0.6
8.5 2.5 2.8 2.0 R 2 0.6

-

hown e AV e < e b 1 e AR

fe added through sach iren source %mi&%&&%fi&t T
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pli 6,3 ( Horvell, 1972 ‘. The dnta in the nroccnt cxporicent
shou the Mph solubility of iron widch vay W due to Mgh
stability of Peluls in nutzient solution fror pil % { 995,00
pre Je } to pli 7.5 ( B2,00 ppu I¢ ). Ik Goto qloo show that
1ebiuis could modntain iron in sclution, thouch to o smeller
extent, even in the alinline pH yang . Hecrtl ond laortell

{ 2956 ) and idndsay ot ol. { 1967 ~ have stotcd that FeEido
has stabdlity range frow pE 3.0 to 8,0. lrecnt idiil: all
obthur sourcks have shown poor solubllity mol only 4in olkeline
ronge But also 4n acldic runge, FoliT gppeoozed o be better
apong the youaining ison sources with some colubilily ( about
10 ppu ke ) between o pH ronge of b5 to 6.0, 80i, FelARD
end Fellll appeared to ¢ almost on npar in rconcet of soludle
iron in nutrient sclution up to a pll of 6,0 to 6.5. The
volues of soluble irom rwcoried for ledk, Icia.y ond FeHW
wore wvery lov at the differcnt »f volues, Jidoe fogultes

o in agrecoent with the findingo of lioywell ¢ 2072 ) 4n
rocpeot of IvelT and FeCk.,. The pyesent ezxposlccit choved
that leliil and Jolill woye not vuch differcnt frou the IeCIT
and a0k in respect of t(ikir sclubility. loreell ( 1972
has opincd that FeGi 1o nobt sufficlontly steblc, ° peculiar
feature in the present experisent is (ke olmost unifore,
though low, soluble iven voluec for el in Uix acidiec =8
well a8 alkaline pll yange, Thus the Fellll! nolubility did
not appery te be very puch influcneed by the pll of mutrient
solution,
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b2 xoorimonts 2 and 3 @ Send owlture cxoriments to stud
cfficacy of cleinter on naige

b,2e1 The yield of piont tops uil yools

The dats on fresh welight ool dry weight 4n ~lant tope
and roots o rerorted in dablcg 6 ond 9 for cxorioents 2 amd
3 respootivily. The data arc grashieslly prusented in g, 3
for the oxaripent 3., 1o date of -Zant tors wore statistienls
nIOORGatd. Lut the date of plant moots couwld mot is procesacd
stoviotically voinly tecause of the swall w i by of the nlant
roots

{x dato indicate thot addition of lxwt ooupces o
nutrient solublon siprdficantly iucrensec X frogh o8 well
es dey weights of lant wore oves conmbrol, . ddltion of
different iron sourcos & the mtrient colution zeowited in
production of nlant tore ( dry weight ~ in Ui fol owing
decyeans ing order.

FebOIA Z1eil 7 IOTAIT 7 1eCIT 7 I'etk > Fewy, 5 vontrol,

ibe fyesh wolights of the plant tops followcd o ciwdlay order
88 ohove, leiil was used oty in the experinent I and not in
the exrericent 2. The weight of -lant toos reoduced by
application of Ielild woo wore thon that prodused Ly ony cthop
sourcs excopt FeEDT.,

The differences An welighte of plant too con e
attributed to the effect of diffvront $von courece on plant
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Table 8 : I fivet of diffurent Sron courecs on fyesh welight
and dry weight of rlant tops and voobi of valge
groun in sand culture for Y1 doys | exceriment 2.

~ pypvy Famniivriturany
souyes plant tops rootc R
iyegh o Ty T rech w m wry .
) o ugfemt . ..
Control 1(N.3 & 2103 a 109.8 6.1
renly, N6 b 238,99 b 182.0 .8
TeLiTa 2391.6 ¢ Y6 1 33.0 10,0
feo 15%4.8 ¢ 04,1 e 173.7 65.5
FeCIT 1733.3 @ M.9d 2004 7947
FeTAIT 1905.7 e 3%%.8 ¢ 28,6 78.3
o ol 90.29 9.48
Cele 109,58 20,65

Heans followed by the¢ sace Jetier in e colluom age not
sinificantly diffexnt at 5 »er cont owl of »robability
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Pable § s . ficeb of cifferent fwn Source: eon fyosh woight
and dyy weight of tore ond yoots of tolsc grown
in sand cwiture for 51 doys { cxporizoent 3 .

iresh oW frech LT
7.7 X0+ L
Control 1037.00 & 197.1 2 122.9 L
AN 131,00 b 2%.0 % 1900 72
i€l Dos 10,00 © %82,0 g k% p¥-
Tetn 439,67 ¢ 27,9 ¢ 17,6 68
PeCIs 67,67 ¢ 323.0 é 201.8 @
Feiidd 1927.00 4 3850 ¢ 3.9 7?7
FeRUM 307,67 £ L57.2 £ 257.1 a
R L3, O 9.62
Sekie 103,00k .62

Feans foliowtd by ihe sene Aeticy in & colum nxe mb
sionficantly difiercnt at 5 per cont lev ) of nrobabllfty.
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grovth, Thug, l1eEUI" could be conwlderd as tho best of the
ivon sources uped in the present investigation., 712 more
ioportant fact 15 the highly significont efftet of Foll on
piant woight, The effeet of Fel U0 om dyy watior could bave
been duo to higher uptels of Fe Uy the chlorotic plants

{ Takde 10 7, Lut the almpost cowporntic effuvct of the FeHlM
could have bocn due to (&) ite role in cupplying iyon to
piants ( Tablie 10 ;) and (b® thc possitle diyvet eficets whieh
occuy vhen humic substonoos are taimn up by niant roots

{ solmiteer ond Khan, 1972 3, Xomomova ( 1066 ° las yeported
that senll conoentrutions of hunle cubstancoo { L.,06 W tO
60 ppw ) cnbaneed rooil developoont and plant Jwwth. oixdt
and Kishore { 1967 . have olso reported stivulating effccts
on hupie suwbstances on nutricnt uptake end provih yote of
plants, All otler chelatos were 6ignificently superior to
the imorganic souree viz, fev( in thodir effuet on plant
growth,

ie content of iron in plant tope le roported in
fzblo 10 and grephically peesented 4inm Fig, 3. Jhece data
sloo Andicotc that the comtemte of irvon in plonts tops
folloved the sope opder ( exoupt in the cast of l'ellllM and
IeTAll which weye on par ), s8 ihat of dry watter of plant
tops. wallace®)l 1963 ) hes slse ropoybted thol chlorvotic
piants prefurentially teke up iren frob a ¢ivliztod scouves.
ite dry yilds generally corrcoponded to the iron which wves
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dable 17 @ Influence of difdercot iven scources oh Uptaie of iron and
vanganese through plant tops ond roots of talre grown in
cand culture for 51 daye,

A ” . O VRAR T A0 R RS . SRR ORISR ¢ e et w7 o A

ivon ¢ M&@ { uygﬁm

Souree , aaaie L s e
: Lapariment a ¢ zgerimm 3
3 e ] n s ie s an

WUTURONE AP TRT ARG W W 1 B Ty AR

t sopB 1 Liootu ’i‘cps ' hwtﬂe Tops uwm t Tops 1 lowt

RECAGE o RS R R e R L ER R Rl e WRE e -

Contrel W0,63 a 16,79 1015 a8 006 2. o 18.87 B.83 a 0.5
feity, 6lee23 b B3M2 17,180 0,78 T0.03 0 UW5,82 16,26 b 1,8
Felta 97.d7 € 66,22 38,75 € 1.87 106,33 £ 73.20 39.08e 2.4
Felh 66,66 b 56.20 19,71 b 0,85 65.68 ¢ 99.30 20,17 b 1.C
L oGLs 73.3 ¢ 69,3 2541 ¢ 088 77.% d 7371 2519 ¢ 0.9
ICOART B7.73 6 59,35 3,67 d 1,25 93.01 e G006 3,994 1.6

Febitk - - - - 9?3"5 L 97-33 3“»79 4 2 J
wg; gif . ’0‘.3‘0 l'?b 30?18 1"%
‘; .3}0 9;3 3.83 5‘31 "‘.1‘5

Ao AR * ol i ons

Feanne followed by the sape letier in 8 colixn o ot eiamncantaj;
differ-nt at % ger cend Joewel of »robebility,
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" Poble 11 1 Influemce of dlffercnt iron sousccs on chlorophyll in the

youngest ieaf, Fe, kn and leo/l'n rotlo 40 plant tore and
Toote of vaipe grown in sand cultur for U1 doys
{(experiment 2 ).

iron I»e(pw o Imm‘ o %/em
Gouyos &u M e e v - e
fopa hoots Topc ‘oots Tepe Loots
gzmm
af of
(&?1@ £
velight'

s ek IR e e R SRR St e ]

Control 193.33a 35 36,58a W8,00e 10  W,02d 36,5

fewty, 268,604 670 39.6le 7200b 12 373 ed 95.83
jel UEA 2333 ab 602 80,70¢ 85.33¢ 17 2,50a 3.M
e a%,067 vc 898 W59 = 69,33 13 3438 bed 66,00
FRCiT 8,00 bed 870 62,04 d 81,33 be 11 105 abo 79,09
FeTAT 7,33 b 798 6%A3 b 89,31e 16 2477 od  W72,38

Gkt gii e i0.21 557 5.86 0,33
g e 22,29 12413 12477 0.78

Yoans followed by the sax® leticr in 2 coliuzm aye not signifiesntly
diifercnt at 9 por cent level of probabdlity,
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'z"amu 12 @ qumm of mrmmm; &m $@W$ on amomwu in

and mta esf‘ waige smm m am& a%tm i‘ar 51 dm

{ exporicent 3j |
iyon ielppu) | Chloyo- o Q’:a;&: “ V%ﬂm
Gauyow : n REL s s e S e
Tops liogts Tope mw Tops amu
{qmmta
af of
(2:2/100
i
wm - b b W N WOWET gl ety o P AR
Control 18%33a 38% 16,398 W5 s 12 bal2d4 32,08
Loty 29,00 8 692 W0L,03D 69V 17 68e¢ WON
el Una 220,00 e €10 P28 d Q1 4 20 2.72 & 30,50
TeGx 223,00 ¢ 872 41,53 b 70 be 15 1,26 98,13
lebls 1,334 D0 520 ¢ 78 od iz 3.09 sb 75,83
1eDiRT 241.334 780 53 6rc B3 4 2 2.9 8 354
1 oHM 213,33 b 630 63,59 a3 76 bed b1 3 2,80 a 26,29
ISR 5 8 k73 b, 98 belB 0,19
“aile 10.3% 10,68 8.99 Okl

WAL b WO Bt sarew ri L i 7 i -

leans folloved by the same letter 4in o ColuEm aze not signt fleantlly
differcnt at 5 ver cent Jevel of probability,
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sources wus pbeorbed and translocated to the piant tops. The
highest iron concentystion wes recopded in thi tlcobk tops fed
with Fei(,. The signifieantly less quantity of plant tope
produced duwe to Felo, epplication ( Tables 2 and & | gay be
meponsible for the apparently conecntrsting oiiovet on the iron
content, in the Lxperiment 2 the remsinipg trestoonts were on
par in yespect of irvon consvntyatlon in ualee plants tops,
Iovever, in the experivent 3, following wes Whw decreasing order
of iron conoentrations based on statisticelly sicnificant
differcnoes

Feuly, 7 Jedl = FTalT 7 FeOX X VeawTh = Telildl 7 Control,

By ond lapge, it appeays froe the decresslue orders of dry
weights ( ssction 4,2,1 . and iron concuntrotion poted above
that iron concentration was inversely proporticnal to the dry
weights of plant tops, Tiis can be attributed o the dilution
efivet.

e 1von concentrations in woots ( though not
subjected to statisticel enslysis ) indicatc the follewing
decreasing oxder in expericent 2 s wll as in caperivent 3,

YOCIi 7 FeOX > FeTART > ret, > Folll > Fekit. » Cortrol,
b,2.3 Chlcrophyll conecntration in the youngest leaf of
naize plants

“he data on total chloroplyll concentrotion in the
youngest leaf of waize plants a» influenced by the different
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irven sources aye peported in Tobles 11 and 12 for the
experivents 2 and 3 respoatively end grophioclly prosentsd in

Fige b,

The datas indieatc that the total ehloronhyll
conountration in Jeaves was umaximue in FeEUT, tyeatment and
vas on par with FeHUM treatment, ite second categnry of
chioyophyll values was that of FeCll and lelill, 7Tisse were
on par with eéach other bubt were sipnifieantly ivsc than the
FOBIG, valuen, The third categoyy of chlorophyll walues in
the decroansing order comeisted £ those dw to IolX and 1*’%‘:%
vhich were on par with sach otley in both the esperivonts, In
the esperinent 2, chlorophyll valuwes for rFoeol and Fe. 0, were
on par with that of the control vhile 4in the ezperirent 3
chlorophyll walues for FoOk and FesSy, were sipndficantly more
than that for the control,

b2 Compurizon of iren and chlorophyll concentrations

The conecentratiors of fron in plant toys and chlorophyll
in the youngest Jeaf of maies plante in the cxmerisents 2 and 3
ame grophically presented in Fig, . It ey Lo soen that the
planks fed with Febiy oo one hand and the plants fed with
i UTA and Telill on the other indicate conbrecting tyends,
Thus, though thc iyon coneentration in plant tops fed with
Feoty, was bhigh, the eshlorophyll concentration of the youngest
Jeaf was low whils the opposite was the emsc with Tellls amd
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el sourees, JFelll, FeTail and FeOX indicatod interosdiate
trend, llorente et al. ( 1976 | hawe shown that the soluble
iron rether than the total iron ib leaf is Lrportent for
chiorophyll procuction. 7They bawe ghown that thi ehlorophyll
concontration apd peroxidsse potivity were directly related

t¢ the soluble iron concvutration in lesf, Il is possible
that a major ;art of T¢ taken up from loug, wsoupew could have
sopained In fnscluble ctato while the cholal s vic, sekils snd
Pl pisht Lave helsd e lron in leaf to roonin in soluble
state thereby reawltin: in increased chloronhyil contant due
to the latter sourets. The Intervediate trend wnleted by
ol and Felnld indicate that those chelatos cold belp the
plants o cainiain iron in soluble forws only o a limited
exient, vhieh wes superior to Fes(, but inferior to FeblIs and
FeHWM,

b2,5 Langantse concentration and le/Mn rotio in poige plants :

imta on the panganese conocntration in waize plant tops
end roots o influenced by application of diffsrcat iren sources
are wported 4n Table 12 for the experiment 3. Iron addition to
putrient solution resulted in dncrease in the canganese
concontyation in plant teps., Ihe vanganese conoontyation in
plant tops due to Tes(, application was on rar with that due to
0., and Fell, However, the lMn concomtrution dur o FellM
vak also on par with thet due to FeCIT, Fedtdh ond FeliRT, The
kn concentemtion in caige roots also showed copparatively highey
values due to arplication of FEW, FeTALT and Ivwlln,
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vate on Pe/lin rotio in talge plant tord and roots age
slso meported in Table 12, The dats indlcate that Felin retio
of lesg than 3 was obtaimd in plant tops in thwve tyreatments
vig, Fol DI4, TeThT ang FeRlM. The tyeatwents Feli ( 3,26 ¢
ond FeClT ¢ 3,09 ) were Sound to Yo ob par with eoch other in
respsct of Fe/tn ratio in pland topo. Ieiy, addition to
mstrient solution mesulted 4n highest Je/tin yotic of 1.68 in
plant tops. Lbdve ( 1%) ) has glven 1,5 to 7.5 oo the optimum
fe/in ratio for norwal growth of rice plant, ~Although sietlar
values for wolpe ave mob svellable, 4% epponrcd that the ratio
vas caintalned belov 3 by FekDTA, FeTaiT amd Jel® indloating
their superiority over FeuX and FedIT whieh, in tuwm, were fown
siperior to Felil, in sainteining & good belonec Letueen Fe and
bn conoentrations 4n umdse plent tops,

ke very high valuwes of Fe/¥n ratio 4n tolze roots
indioate that En was tronslosatod to plant tope fros yoots such
better than iyom, TFurther, the comparstively lower Fe/Mn ratios
for voots for the Sreatzents Fel 194, FeTART and I'elflM probably
show that these souress helped more ilron tramlosntion to plant
tops than Lo oiley sourees,

The dnta on ¥n conoontratiocn and Fo/i'n ratio in maipe
tops and roots for the experisent 2 ( reporicd in Table 1)
Jead us to oimllay conplusions es detalled sbove,



55

Lelob Uptalw studies §

e danta on uwptalw of e and kn by vaipe nlants am
reported dn Toble 10 for the exmporiwonts 2 ond 3 and 4n
¥ige 3 for the experitont 3

Uptalkic of ivon by ualee

It is obeerved that addition of iyon vouross o mibrient
polution bas vesulted 4in signifieantly hipcher wptale of iven 4n
madpe plant tops, The date indloate the foilowlng deerecsing
tyend in i exporisent 3.

FeLUEA 7 FOHW R FelAld 7 ¥eCIT > FeCa y Peily > vontrol.

The dats of the expericent 2 indicetx sivdliar tyend
ezxcept that tix Fe uptske dus to Feli vas ont roy vith that
of FeLGy.

The data on Is uptake by paice yoots could not te
statistically analysed, Hwwever, the data indicote the
fellowing deersosing trends,

I gparisent 2
TeCIT 7 FeLukh 7 FeTART > FeGR > Teil, > Corbrol.

Lyxperiment 3 :
feCll 7 Fei'22n S FoTART > Felh » Fol > Fez,;% > Sorbrol,

ihe data indionte that Fe added through Iauiis ves
abBorted by roots and tronslocatcd to plant toos to the
highest extent, Tho high stability of Feil: 4o well
docupented in literature ( Dill-Cottingher ond Lloyd.Jones,
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1997, iindsay et al, 1967; Horwell and lindsoy, 1969: Wallace
ot al, 1955 ;, and the experiment 1 also shxwod high solubility
of TeLDTh ( Table 7 ), Thus the souree of highoust otabllity vics,
Fe Jin was absorbed %o the highest extont indicating the direct
miationship between the stability of an iron souree and ite
absorption. ('Connpr et ol.( 1971 showed thaot e upbake of
iron by sopghum roots was dimctly relatod to Uz total soluble
iron in solution, iindsey €t al. ( 1967 ) heve shown that
chelate stablility diagrams aye we Nl in prodieting plunt
meponse to tlx iron chelatis. IHoiversom ( 1971 & hos also
shown the wefulness of stabllity dlagreaee 0 prodict and
loterpret nlant nutricnt responses in nutyiont colutdon
exporiventc, le further showod that Fe 0, wes the best

sousce at pH 5.3 and 7.5 awong the four seurccs bhe tried vig,
FenQfh, Fellia, Fell¥A and Fekllll., The findinmgs of the present
dnvestipntion confim tbe sweriority of Yol T4 o8 a sourme of
iron to zalpge mmong the chelates uwsed.

The Mghest chlorophyll concentyation in tho youngest
lsaf of plants fed with Fef T4 ( Tpble 11 and 12 for the
experizents 2 and 3 ) alse cupparts the abowe sbeorvetion
becauwse it cbows that the iron frow Feills was Lronaloeated
to the plant teps, JFurther, the iron suppliod through FeEila
probably ineressed soluble iron content in plant leaf and benee
resulted in produstion of the highest chlorophyll conhoontyation,
he question of wimtiwy chelated wetals enter tha yoots intact



97

or vhether the cooplex dibsociates at roct surfnoc bas Leen
roviewsd by ¥allacc”™( 19563 . and more veccntly hy T4ll-
Cottingher and Lloyd.Jdones { 1965 .. They lave congluded
that both the wechanises are operative and A fferontisl
wptake of chelating agent and metel varisd on factors such
88 plant species, kind of celating sgent, pb cte. FELIDA
¢on, thereforc, Lo called as the bLest ivoh courct abong the
different souyces tried in this Lrvestigation Looause 16 was
atsorted 4n rpots and also translocated to L Wt to tie

bighest extont.

The data on the ratio of tx le wptak of shoots : Fe
uptake by roots a8 influenced by different ivon courcess aye
reported in Teble 13, The fact thaet iron fud through Felly
was comparetively lesg in plant roots but mere in pland teps
indicated thet hubmate could trenslocate comporativoly more
iron from roots to plant tops, Dekook ( 1955  bas also
stated that hamic acids prowote the typnalocation of iyon to
leaves and so rrevent chiorceis. The date ported in JTable 13
in respect of FeClf indicate that probably ticzc verw maxisun
difficulticos in translocation of irvon sWpplitu as ivon citrate
in plants a3 compared to the otlar chelates. Iide could also
te the reascn for the lower perforsance of 1e¢CLT particulamdy
in cowparison with FelAHT, The uptuke of ived in plant tops
from Fel. compared to that froo icll was slichtly sore in the
experitent 3 vhile in the exporipont 2 they wore on pay, The
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Table 313 @ Influense of different fyon sourcsc on the ratio
of the uptake of Fe in plant tops/uptaie of Je 4in
mots of malze plants grown in sand eculture for

51 wan
iron take of Fe Dptakt of I¢
sources ?&m topa (roots
 Emerimnt 2 sxoriont 3

Contyol 2,42 1.5%
ey, 1,48 1420
Feb DDA 11% 3*’*5
Toli 1ed9 dedd
I % g 1,09 1,06
FeTART 1,48 1.55
Felllt * 170

T e SGSRA Cae A o i B L S 3 PRt BTt ) TRRIEHS Y AR e Rrrnsire

¢ Fot detewmined.
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translocation of irvon pawvided through the tuo coupcss,
therefore, appsared to tw elmost simdlar, Concidering the
poor stabllity of iron omslate in colution { lorwell, 1972
the poor tranalocation of ivon from FeOX 4n plonds ¢an te
very woll expocted, Thus, FoeCi dows not sect to afford any
great adventage in tranglocation of ivou in plands owvey
fonic source viz, Feily, In respect of root wtake slse,
ieGX wes only slightly tetter than elo,, It, Uwrofom,
appecre that FeCX a8 sh iron source for valec plants is
eithor cozparable to or mob for superior to Foliy.

The data in Table 13 also indlecatc that porforcense of
FeTALT wvas almost equal to that of FeEDIA in respeet of
traslocation of Fe from soots to tops., It con thus, be
econcluded that, among the different commwreicl chelates tried,
Felolis ooccupied lio, 2 position, next in dmportrnec only to
Teky?) vihioh vas the btest chelate tried,

4 oouparison of the Fe wptake data of tie conbrol and
Fol0), sourees indicates that, in absence of any chelate, owen
FelQ, vould be abls to supply iron %o melze plonts, TFurther,
tic Fe from Fel-O appsared to bave Wen ngloontcd to the
plant tops only %o a limited extent, Ti® limitod tyanslioeation
of ionic iren in plants 15 well known,

b.2,7 Uptake of wangamese by maize plents

ke data on upteke of sanganese by paire nlonts in the
esperdvents 2 and 3 aye reported in Tabie 10, Tho uptehe of
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ganese by calze plant tops increased eipgnt fioantly duwe to
application of iron souress, Tkt fplloving deorcnsing ovdery
of vengapese uptake by plants tops Lased on statistiesl signl-
ficonoe was obeerved in the experiment 3.

Yekipia 7 FeBlM = FeTARY 7 FeCIl > FeOx » Feiity,  Cortiol,

Biztlar tond weas also obseyved in the experimont 2. The walw
for uptake of vanganese by ualise roolt werce wIy low. Tie data
for root wtahe of cenganeve ave not statisticnlly enalymsed.
llwevey, the data generelly indicate similay trend as in plant
tops, particiisrly in yespect of the experimont 2.

LY Experivent & : Sand culture experiment to study the
efficacy of Fe chelates on sorghus.

The inflwence of differcnt ivon sources on the fyesh an
dry weights of plant Stopd and roots, iron snd cangamse conesn
tration and wptole and dlorophyll cemeertrotion in the younge
leaf of corghus plants wos also studied in & sand cultur
experimont., The expericent consisted of twe replicatiom and
the awerag values are poported below. Il doln ae mot
subjected to statisticel snalysis,

bl The yisld of plant tops and roots

ihe fyesh and dry weights of plant teps and reots of
sorghus of 51 days age as influwsnoed by different iyon sources
arc yeported in Table b and ¥ig. 5. The dnto indicate the
following decreasing trend
FEDIA ~ FeTaRT 7 Felll 7 FeOh 7 Feb, 7 Contzald,
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Tobile e : Lffect of difforcnt L1on cousves on fresh waight
arxi dry weight of tops and roote of copchun grown
in sand cuwlture for 51 doys.

Iyon weight of weigih of
coures plant wps plant moto
N
- ’ pofpiatt e
Control 105,25 50442 78.% 30,2
Teuty, 135.75 63.1% 91,66 3%.2
2 T 165,28 N5 165 .2 61,20
Fols 157.50 75,00 100,70 39.80
LeCIs 182,86 83,12 18,87 b5.70
FeTang 186.65 87,22 135,27 51400
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4 comparison of the dnta on corghr vith siciliar data
of zalee yicld pyoduodd in 51 deys in experiment 2 Toble 8 or
9 . indicate that the yicld of plant tops of corghur was nbout
10 tires less than that of vaipe plant topc. Jio dry weights
of sorghws plant tops werc about b tices lesc Linmn Wome of
vodge plant tops. The sorpghun tlso produccd fyosh and dry
veights of plant roots vhich were about ore [alf 4n weight as
compared with those of waige. [owever, althouch the weipghts
of sorghw were cowparatively less, the trend of thoe effect
of the different iron sourees on wights of nlant lops and
wots vas sicilar to that of caise roported in the experirent 2
Thug, the yield date of sorghum confirmed tix findings
regurding the effect of iron sources Peportod under tihe
experivent 2 on ualge.

4,2 Iron concentration in sorghus

ihe data on Lfvon concentration in rlant o006 and roots
of sorgbu: as affected by differcut dvon cources ere reported
in Table 15 and graphically presented 4n 1'ig, 6. The data
indicote the folliowing decrcosing order of fron corcentration
rlont tops @ FeSGy, > FeTART > FeLDIA > 1¢CIT> ie0i Soontrol

.ient goots  : Iely 5 FCIZ > FelARI Y ek > Lelld >uont:

Ag pointed oudb under malge ( section L,2.2 ° the renson
for this trend may e the concntration or diiubion effect duc
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ietle 15 1 Inflwnee of Giffvyont dron soureceo on cliioronhyll
in the youngest Jeaf, ¥Fe, hn awd Fe/ln smido dn
plent tops and roots of sorghwn grovwn in Sond culiture

for 51 4o78.
lyon e {(ppe) chlorophyll ¥n (pro. teftn
soured s A FOURGRBE o s oowese o
Tope loots mwtaf Top root: “ons koot
Lg/100 g
of fwesh
waight

Control 12 233.33 97.28
e, 1%  W66.67 111,33
SekDIn p L™ 18 366,67 133.92
seba 138 30,00 1ik,.72
el me2 450,00 l1l7.00
FELART 150 426,67 126,36

310487 3.39 A0
12,00 3.2 308.89

933 2.78  39.30
16,00 3.%  25.00
1733 2473 25.97
10,07 2,08 39499
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to ccupartively deercased of incgeased diy vali r npoduction
sespectively, ihe actual velues of ison conocatmniion wege of
lovey oxds? in sorghuc,

b,4,3 Chlorophyll concentration in the youngost Jeafl of
sorghum
ihe data on chlurophyll concontyution in the youngest
leaf of sorghum arye roported inm Toble 19 end grophically
precsented in Tig., 6. The ceorcocdng order of chloropbyll
concentretion given below aleso gemersolly agven with the
toereasing order olwerved in walsv,

FiDTh 7 1eTMT 7 I1eCIT y fecx » leify, > Cordrol.

ihe nsbove order i an indivect indication of the ¢lfbctivencss
of the different fron sources in correctiny the lren-oliioyotis
of sorghun, The same opder of effvetivorsss £ &0 different
clulates woo obserwed in the casc of madge. 20€ soluble iron
concentration in Jeaf was directly selated to clloyophyll
congentration of leawws ( Lloyentc ot al, 1976 . “hws,
alchough Feiiy, sapplication showed higher totaol iren
concentration in sorghum plant tops ( scotion L. 4,2 | tie
ooluble iron content im the youngest 1eaf ©. ;i Lave been low

as 8 esult of vhdeh »robably voery low 1scnf clioronhyll
concentration ver yecoyded.
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Sebule  Fanganese concentration and fe/tn rmtic in
sorghw: plants

i date on Langanese conocotration in lant tors and
roots ( Tohle 15 ) indloote the following troids -

clont toys - LeTART Ziahulh =leCl. Yielly ¥ Yoo 7 Lontrol
viant yoobs : ieCIT YV lelx fabiy, 7 IeT4ED = Combrol O TelDR)

Tie I'e/fin ratio of plant tops of corrhun was Jess than
3 omly in the case of FelDTA, FeClT and felTail, 5 le/fin ratio
botween 1.9 t0 2.9 & comwideored ideol for oormoel plont growth
( -bBlwe, J9W1 2, Tha, tie three chelate courcud vige, FREDY.
seuld ond DOUALY could b8 compidered m betler ¢ixinles as the
bave producsd e/l values meaver the idesl volues, ..o aiso,
it vay o noted that there was very 1ittle difforciuon din the
Fe/in yatios of Felh and lely indicating tix near-cquality of
the two sources of iron,

b.bh,5 Uptole of fron and vanganese by sorhur wiond

The dato on uptake of iren by svorihw ¢ woblo 16 end
Fige 9 / fmdicote the follovwing decroasing cmer

“lont tops : FeRUTA VRETARD > 7elll Y Feldx ¥ luily, > control.
D iant yoobs @ FeLLUo S PeTHR > jew.l > ifeazxk> ieti ¥ Control.

Jhese tremic aye alpost sisilar to those reported for tnize 4n
the experient 2 and confise: the {indings of Gixw calpe
experizent sogordin the omder of effectivawon »f different

Sautetin ~f fenmn,
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Tabkle 16 : Influonce of different iyol sourcosl on uptake
ef iron and vengameusc through plont tops ond
roots of sorghwe grown in sand cwiture for
51 Qays.
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it dote on uptake of vangancoc by corghue nlants
{ Toble 16 ; indicatc the fellowing decwcasing ordey -
Flant tops : leTai® 7 FeLlZn Y FelIV Y poll ¥ Tulty 7 Control.
vlant yoots . FeldT U lefd Y loklls v FeRAR V iy, 7 Cortrol.

The datn generaliy indicated tht suweriority of el ils
and Fe¢IANGD 4n the absorption and tmiwlocetion o vongnnese o
olant tops of sorghw,

taperisent & . Follar spry trial of chelatis on Lalse grown
in czloayeous 204l

he inflwnec of different iyon souscusc npplicd es
eight foliar cproys on the production of yicld, iren
congentrution of weize plant topy ond chloroplyil 4n the
youngest isaf of saige plants growd in a eclcolous soll
( 23 % e ), wvos studled in experiment ©. ik ozperipent
conslsted orly of a singie yeplication ami tix dodo couwld
ot e subjucted to statisticnl analyeis, Tio experivent
Loy, therefore, o compidered o8 o foaler trinl,

he5.3 Ti® yivld of plant tops

The froech apd dry weights of plant tore of valse of
72 doyo age o8 Influemeed by foliasr appliecction of diffeyent
iron sources are reportid in Tohle 17. Tk dato indicatc the
folioving decreasing oyder

Febiih 7 FelilM 7 TeTalT ¥ IeCli ¥ PeQX > it Apy 7 Control.
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Toble 17 : Lffect of follar application of difivyent imon
souress on fmesh weight ond dry wisht of plant
tope of vpize grown in calcoarecut ol for

72 days.
" lrensourse | teight of plant tons (sg/mlomt’
iresb oy
Contrel 5130 1200
Loy, 70 1330
et D 31650 .
Fe0a 7630 W60
el 7700 1970
1eTNSR 10230 1880
el 0570 360

L - B Iy R T R



spil vith the data of raige grovn in sard cuiture experirent 3
{ Znble 9 Lidicate that yiclds of dry plont tos vere about

b to 5 tices pore than thosc in the esxperirent 3. This vay o
due to longer growth neriod of 72 days in the exmorlkont 5 as
coupared to 51 days of growth poried in the oxrerirent 3.
liowovey, the tyend of different iron couress wused ag sprays

on yicld of pilant tops wes siellar to that of tic cxreriwent 3.
Thus, the yicld data eonfirm the findinge ropgorilng the effect
of ivon sources roported under tie experitont 3 aod also
sugpeat thx wWility of the iror sources for folinr oppliention
to correct ivon chlovesis,

b.5.2 Effcet of follar application of Lron courecs on iron
and chlorophyll conocntration of vaipc locugwes

The data reported in Toble 18 indicatc thnt the fyon
in the plant tops and chlorophyll 4in the youngust leaf were in
e following decreasing order

e 4n the ¢ [eTARD 7 }eCIX > Fells w Pebii. > fellllt =
plant tops ,

Teuty, 7 Comtrol.
ﬁnmwu FIUDA 7 FeTARS 7 1elilM > 1¢CIT » ok

ungest e Cotitrol,
{our % 7

if cliorophyll content is toien as the ¢riterion of
chloresis correcting abllity of the diffurcnt lyon sourees,



72

Toblie 10 @ Influemce of foliar appliention of difivyent iren
Sources on chlorophyll in the youngrot lonf and Ie
in piant toye of valee grown in coldonrecus ooll for
72 dayo,

it in plont tons | SM@WE’:& in the youngest

i?‘a;u { leaf of ~ipnt (/100 g of
Ll frech woirht
Control 200 B, 00

belty, 20 G015
Tes. i 220 1%,00
16UA 220 8.
1eCI? 230 ER v
V6o AKT 240 120.5%
te: 210 Wm

B by VA RN

Table 19 + Inflwnee of foliar appliecation of dificwt ivon
cources on ivon contomt in plant too of valge
gran in eslenreous ooll for 72 &y,

o i b Ahe WA WG ot LA RS - 4 b T
Iiron souree ivon content ( uy/mlant
e G B b BB v Moy e G WES L R Y e S I B W o, B sAT AR

Control Mo@'ﬁf
i ‘53»% 27930

Pel.urs 63C.00
ela 323 400
ieldT 100
1eTART bS1l,20

tellll 7, 3,60
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tho decreasing order for chiorophyil indicato o i »robable
deereosing order of effvotivensss of diffur ot lyon sourees
in correcting chioronis of walgo.

.5¢3 Iron coptont in plant tops

Tbe datn on iron contint of valee picnt Wwong { Table 19
indicate the following deercasing oyder :

TobJ2h 7 FOER > FeTART » 1eGID > Je0k 7 ici{y, > Lonbrol,

This decreasing trend 45 almoot cisilar to the tre:d in the
experivent 3 ( Table § ) exocpt that the wvol . fur uptake arc
marly § to & Cioes higher than those of tix sxposivent 3. Thip
vay be due to the Mgher yield of talze tors and wlso the
proboble root zbsorption of iron frow the soll ¢ in sddition to
foliar aboorption . in the experivent §. IIx cxresieent 5 hes
indicated good scope for using sowe of the chelates like Fef DT
FelBUW and eTNE Sor spray application boooune Llely sprays
mawited in substantial iron contents in voise plants. The
aforesnld cheliates showed a definite adventosc over the
inorganic vource viz, Fol(, vhick is commonly wooed for
correction of iron chioreis paprticularly by tho cultivaters

in FHabareshtrae,






Chapte 5
SIMARY AND CONCLLLJOR

Sand-oulture experizsnts were carricd cut in e
lsborxatory of Agricultural teeistyry and Loi: lolimoe
Vepartoent, lMahatce Phule lHrishi Vidyapeeth, ichuri, to
ttudy the cffectivensss of fiwve differont cholatic a8 a
soures of iron to correct chlorvsis in plants using cadse
( Zto pays . varisty ieccan-Joubl«-Hybrid ond corghum
( worgbim Dioplar (1) Hooneh  variety 2077 - as tho test
crops., The plants were grown for a period of Sl doys by
fecding them with wodified Hoagiand solutdon pil 9,0 2 0.2
and the effect of four commesrcially availablc chelates vic,
ethylepedlianine tetre-acstic acid-forrie wonotodiue salt,
ferric tartarate, ferrie citrate, and formow oxalate and
ome chelate vrepared in the laboratory vir, iron Inmate on
dry catter yield, iron, chlorophyll end menganiec conternt
wves studied, Ferrous sulpbate was used ag o otandapd
inorganie source for comparizon, Jeparate nubzicnt solutions
ware prepared by adding different iron soureo: to modified
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Uongland solution so 88 to obtoin o undforc total iren
conoecntration of 2.2 ppe in pespoct of cach Loure, inee
the aveilabdlity of tie clelates depends on v iy rouaining
in solution, tre solubility of cach iryon souse in v wodific
foaglond solution in the pH rangs of 4.5 0 6.5 vac studied.

7re ipportant fivdinge of the Llmwestl abion ave
surmarisid lelov -

1, ‘olubllity of irom cowrces : pong WUx Ciffvment
chulates wod, FebiTa ghowed the bighest solubdlity in nodifie
Hoagland sclution at different pl! Jewels, Io-llfrate panked
second in this pvepect while aldl other cheletcs were alpost o
par wvith cach other, Ile-bupate naintelntd e low ond almost
und fore solubility dymesrcctive of the pl vorioction from

4,5 to 8.5.

2., Ury oatter yicld . addltion of Feiiil %o nutyient
solution recuited in prduction of the Mgheot dry vatier
Yicid of walze nnd sorfhus, Among the reualining chelates,
le-bumate and fe-tartoratc manked cocond and hixd 4n this
respeat,

3. Iron wpteke : Iotl the crops viz, weirc ond sorghun
Showed uptolc of iyom in the follow ing decrvocing order .
Telia 7 PeRUATL > FeTALTARATL > TeCITRATE DIeciilasy DPers
“. Jhlorophyll : Additdon of J¢ hupate to mubricnt oo

resulted in a chlorophyil concintration in 4o younges*
of valpe and sorghuc plants vhich was on mar «ith the
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loagland solution so a8 to obtelin & unlifore tolal irom
congcntration of 2.2+ ppr in Mepoct of cack Lourcu, .dneo
the avallabdll ity of the clelates denentds on 4 iy remaindng
in solution, the solubility of each iryon soumw in tho codifie
Hongland solution in the pH range of %.5 to 6,5 vac studied.

e ivportant fimdinge of the imwestigaiion are
swmarised lolov

i1, ‘oluddlity of ivom courees : Spong the CifiCicat
chelates wod, FebiTi showed the bighest sclubil iy in wodifie
Hoagland sclubion at differcnt ol lewls, [u-Uitrate ranked
second in tids yecpect while all othor chelets wore alwmost orn
pur vith cach other., Ie-bupate cointalned o low and glmost
urd fore: solubility dypespective of the pi vorioction from

4e5 to 8.5,

2. iUry matter yicld . addéltion of Fellil %o nutrient
solution reoulted in production of the highect dry vatier
yicid of walze and corghwe, ~pong the recaining chelates,
lcebupate and fe-tartarute ranied cocond and Chimd 4n this
espeet,

3. Iron uptele : loth the cropd vis, wairc amxd sowrhum
vthowed uptaie of iron In the follow ing decrcoring order
Feloda 7 PellATL > FeTAITAIATE > Fe (I TRATE Dlooiiiasy >l'esoh><:<>r‘
b, Chlorophyll : Additdon of F¢ hupate to mutricnt solution

resulited in a chlorophyll conccntration in Lic youngest leaf
of valge and sorghuc plants vhich vag on -ar . 1th: the highest
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conoentrations produccd cdue to ! olils addition, I tarternte,
Ie cityate, e oxalate and Fell) followed thx Iv humate, in
that order, in respact of leaf chloropbyll coucentration,
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