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TNTRODUCT]ON

Active plant growth is a resuLt of the interaction of
the hereditary constitution of the plant with its environment.

In additlon to light, moisture, heat, oxygen, carbon dioxide

and water, plants require from their enviro$nent. a number

of netalLic and non-netall-iè elenents to facilitate the

proper functioning of their metabolic processes. The

elements used by-plants have been classified as nrajor and

minor elements according to the quantities ln which they arê

used by plants. Anong the major elements are found potas-

sium and calciun, both of v¡hich are absorbed in fairly large
quantities._ 0n the other hand, iron and manganese which are

of the minor element group are absorbed to a far lesser

extent, but nevertheless they have been shovm to be indis-
pensable for normal plant development.

The object of the present investigation vras to deter-

nine the action of the two najor elements (Ca and K) on the

absorption of the two minor elenents (Fe and Mn). Lime

índuceri chlorosis due to insufficient absorption or inproper

iron metâbolism, as well as manganese deficíency in highly

limed soils (5r28156rI5) are practical demonstratíons of the

action of one elesent on ühe absorption and accumulation of
an other.

The absorption of iron and nanganese in connection

with cale ir:r¡r and potassÍum supply have been studied by a



nu&bor of Lnvest5.gators. swanback, ( 43 ) fu hts stud.ies

on the antagonl.stl.c phenønena and oation abs crption in
tobascô 1n the presonce srjd absenos of mangane se ênd. boron,

has må,de sm.e obse¡nv*tlons re].ated. to the subjeot.

f-r¡ this lhvestigâtlon an attempÈ bs.s beon nad.e to

study the abscrptlon by tffiråto and oat plants of L¡'on and.

:sangânô so Ln cuLturo solutl.ons oontaS-n5.ng d.lffo¡rent ].oveLs

of ealcium a:rd. potassi'u¡û and. to collpare the ¡osuLts tbue

obtal.ned wi th the e oncilusL ons d:raun by Swanback *n ( +3 )

fro¡¡ his stud.los on NLcotlana" fo faellltata adoquate

c ø1pari s on the cæposltLons of tho so1utlons used. were os-

sentially simiLar to thosê of tbo solutions used by

Swanbåck ( +a ¡. Sone alteratl.ons ¡ hovteverr were mad.ô t

prlnarl\r wlth negarci to the mLoroelenronts ussd. to enabLe

sfunulüano ous lnvestigâtion on mangåne se d.oflcioncy (groy

speok d.Lsog,se ) . This was dor¡e wlth a vLew to continuS.ng

the rvo¡rk previously oamLed out on thls subJocÈ ln tho

Depankant of Botany, The Unlvorsity of, ManLtoba, þ Mtss

Rr¡th Bulman and whLsh has a3.r:eady been deso?5.þed in hEr

thesls ( 3)-
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Mangane so occurs ln the so13. Ln seve?al f ot&s¡

L"e. as oxchangeablo manganoss ¡ ås â catåon attacb.od to

clay pantÍ.elosr as a part qf ,organio mått6r and. ås a @on-

stltuent of oartaln mlnena1s. MangaJroso defieiency

sy:nrpt ons ln pl.ants may bê due to a soa¡rcLty of thLs metal

in tho so11 Ln tho vlalnlty of the pJ.ant noot or the nan-

ganose nay be pnesent ln the so11 ln a non-aval-labIe

forro. 1o be avaiLablE to planùs aanganê nâ must oxist as

an oxchangealrle manganeso, as pårt of organic mattejr or

ln an lnorganlc oasLly r.od.ucfble form. Tn nature nån-

åa¡le se I s ver3 ee-s,ll}y oxld.lzablo thus måde not avall-able

for thê vegetaöionr Therofone facto¡rs affeatlng tho 'mån-

ganlo..nanganous status ln tùre soLl a¡re of great 5"mportanoe.

Shoruran and ff.þ,r.¡¡o:r ( 37 ) sÈateit that the manganLc-Í¡angaf¡ous

equillbn!.m in the soll d.opend.s on lts aeid.ity¡ 1L¡ee arìd

phosphato eontenÈr c3.ay cmtentr aeratLon temporature and

tbo presenee of ¡reducing ôr oxlillz5ng agonts. fhey showed.

tb.at neut¡raI or a].ka1ine sond.Ltlons favor the f,orøatlon

of manganous mangåno so and ecLd eondltlcns of ranganlc

mâng&ne sô o Sulfu¡ re ùanded the oxldation of manganeso.
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Wron stnongly acld. soils wh5.eh ?rere rich ln soluble aangano s6

wo::E 15.mød. the oxldtatlon red.uct3on equlJ.lb:rlr:n wae shiftod.

torard tha nanganous slilo and. the solls becåine nånganê se-

defiolont w-1. th respecè to avaflablo mangano se fop plant

gnowth. Genorally wL¡:te:: colrðl-tLons favor ùbe fo]jnatlon

of tho manganous loùx âåd. suxnms¡a cond.ftlons tho mangenlo lonr

Mangano ee 1s Leaehed. oasLly f¡rø¡ ael.d solLs but not ss fro¡o

alkaLiae sol1s beeause of its grâoåtor solublllty ln th.e

f otfrtot'.

Gilbêrt ( to ¡ f ormd that ¡nsngane se itof tc¿êncy ls
Llnked wlth se1I alkalfníty¡ but the p1f l:arìge Ln wbloh

chlorôsLs may oceun var?L€s wlth c:rop and. olfußaÈo andl not

wåÈh tbo soil type r Generally¡ krorÍever, maf¡gano so d.gfi-

cÍeney syu.p tms heve been f or¡nd. Ln organto hlgbLy Li.rnod

sol.ls, or sandy sotLs, as polnted out b5i Shor¡flsr¡ ar¡d.

&.nmor ( 37 ). Gl.slger ( 12 ) bo3-levecl on basos of

analysos" of s tnaiv t?¡et the avallabLlLty of nangano se ls
g:reater ln aeld. anal ves1¡ alkallno solls than ln neutral

o:r s11ght3.y al-kaLlne sollsr

olsen ( 3l ) held that ittfferont plant Bpoel.os

abs onþ tLlffer.ent amou¡ès of mangano se f¡ø tho sasle soll
ar¡d that d.lffe¡rsnt specløs csn tolsnato dlffeirenÈ gmount s

of mangane sa wlth varyS.ng opèfura.

Mf.cnobiologieal acùLvíty nay affect the etato of

s ol-ub3.e lrangane se to s@e extont. Ger:retsen ( I )
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thoughi that precf.pitaticn of nanganlc oxL de Ln the soll_

was caused by spee5-fi.e mícr,oorganisms when th.e pH wag

bett'e€n 6.5 and 7"8. Maclachl'and ( X6 ) was able to isc-
l-ate lrângane se r:cid-Luing baeteria and. fungl eåd att"lbuted.
the deficl.ency of availab!-e manganese Ln the soil to
mLcr=obial act5.v1iy.

Mor::l-s and ?le¡re ( SO ) car::l.ed out expoir.i¡rents

w5.ih trespede_ze whleh l"s vory sensitlve to mengane se and.

sbows marrganese toxiciiy sycptcms at a consentratLon of
5 p.p"m" They fowrd that by increaslng thê ealel-u¡ß

eoncentr.ablon l"n the cu]-ture solutlonE fr c¡o 12 p.p.m. to
60 p.F.m. o:: õO0 Þopome thero wâs no effeet in reduei.ng

Iuangane aê toxielty. There was even s ome lndåcatfon that
mÐ3gane se toxleity was lncreased in the htgþer. ealcium

levels. No evLd.ence was f ound. to show that ealcium reduoed

tbo tcxl.clty of menganese as reported by Hewli-tt ( 15 )"
I{owever, lintng has been f,oìrnd to be benefíeial to tbe

gr owth of tresped.eza, Ln aeid. soils and. this probably night
be duer at least f.n part, to the fact that 1iming doereases

the a-rtioûlt of soluble nangar¡e se present Ln tho scil. It
was found that al{ water-solub3e manganose was d.lniniebed
on lirÍ1ng so¿le and. brtnging the pH ìrp to values cf 5,5

to 6t0 '

Swanback, ( 13 ) fn a study of catLon absorption
by tobaccc Olantsr obsexved that there was an antagonlsn



betlteen oa3-eåuri ând roa:lgerrese. Slmptoms of uangane se

d.eficÍ,eney Ìr¡êre very pr:o,n oui3.cod. wlth htgh calcLwr 1n the

culture solutLons, less with ned.lum ¡ and not notlceable

witlr lovç calciür.. ¡{angânese d"efleiency s¡¡lupt cm,s were

fou¡d to appear where calciu:ri b.fndor.êd the absorptlon and.

utilisation of na.ngane se at 1o¡r¡ nångane se love1E. Hewltt

( 15' ) thought that calcfu¡m as an elenent clearl-y antÉ.g-

onized. the lntake of manganoso. II5.s exper.lmerrts hã.ve been

d.one 1n sand cultures' Sugelr eane and cauliflovser? vJer¡e

affeeted. wtth mangât:e so toxlclÈy 1n acld. scf.ls; honevgr'

tha caLcium status mcd.ifled. the toxieity effoets consld.er-

ab1y. Wlth fncreasS.ng calclum tbe toxiclty effeets

deerea sed-.
Ù

Bu:rstrom ( tf ) tn hts work upon th-o role of man-

gane se ln the nitrate asslmLJ.atlon, strowed d.eflnltely an

antagonf.sm betwêen potassiun and. ¡ranganese. In lower

potassf.um c oneentratlone the íntake of mangane se by wheet

lnctreâsed. by åncreasf.ng potassfu:m concentnâtLons frcm.

K = 1,/2000 mo1. to K = 1,/ ]-oOO mol., but fe]1 rapld].y when

potassiun c oneent¡,atLons were l.ncreased fur.iher to

K = V500 or K = VIZS &al. IIe called lt a typtcêl catLon

antagon 5. sm.

i'lccool ( L7 ) sbowed. that NfSOO Ã{nC\ 1n distilleü
rvater. pr.evonted the gr owth of lrheat seedlfurgs and N/2OO



l,{nC1a was extremely trxieo This delcterious ¿ction was

oeerc.ane by tho presenee ôf N/5O KCl 1n the nutx.len t
solutlon" Â weaker salutlon of KC1 (V5O0) was antago-

nlstio to mangane se ab s orptJ. on but to a losse:r extent

than more concentFatod- solutíons. å, Ny'5O KCI soluàj.on

vras found to be vê¡'J' Lnjllrlous to roote of wheat seedllngs.

the presence of eithor ¡y'soo, N/2ooo or N75Oo IürC1, coun-

te::acted. thls sffect, show5.ng that there existed" a eutual
anÈagonf.srn botween potassiura and. nanganese. fn the sanre

paper IUctooI statod. that b.e f ourrd a definlte antagonf.sm

þe trireen calcium ând mângane se. By !ûea¡s of several experi-

ments be shon¡ed tha.t mangane se was rend.erecL lnnocuous þ
the aitd.itlon of calcàurn¡ e.Ec a pure solutlon of N/4OOO

M:rC12 was toxic to Canad"a pea seed.llngs ¡ trut n¡hen a stronger

sclutLon of IY/IOOO Mnt1, was mixed. with N/?OOO CaCAZ, lnjury
d.ue to mergaxle se was gneatl¡. reduced. Protectlve actien

existed as well with varlou.s di.ffe:rent sombinations of

ealclulr and. mangane se " He fuïtbe!. found fræI repeated

exper5.ments that large appllcatlons of fine to pots of

sol"1 overdcsed wL ttr mangânese resulted in a more vigorous

d.er"elopment of the pla:rts 1n the pots" Swariback r s ( +3 )

d.eteruinatlons of the m*rganese eontent of shoots and. r'oots

of tobaeco pJ-ants, g:r orvn J.n dlfferent leve3-s of potasstum

and calclum anct O.O054 mtllirrol" ef manganese por 13.tr,e,

showed tbat calcl-r¡r hes a red.ucíng effect on both ths



intake and. tra.nslocatian of månganes€ Èo the leaves¡

wl:ile no sr¡ch effeet mas suggested. regard-lng potass iro.

AbqqqÍttlo4 ef_Il-o¡r þ¡¡ 3¡e4qq i4 ..ton4gg!to4
ritùh Ca aqd-& suppln

fron is mor.e abuada¡t In the so1I than tllangarxe se

and ls at tho game tl-ne requLred. 1n g::eator amounts by

plants" ft 1s avaLlable to plants in the femous condL-

tion as sol.uble iron or in thê colloj-d.al state. It &ay

be precíp5.tated. ln tho soil by Lron fS.xing bacterla ln the

f omr of ferrlc-hqd-:rate ¡ or it may be Èransf orued into the

forrlc state by any oxid.atl on proeesses possiblo ( 58 ).
.år¡aon Ln l9t+3(t)ln d.f sagreeruent wLth Sûnêrs and $h.Leve t s

( +3 j våew¡ expressed ùhe opinion that both the ferrous

and the fer¡ric f oræ. of lron r and not the fe¡:rous l"ron alono ¡

should. be regarded. as notabollca1ly aot5.vo.

Cirapraan ( 5 ), shoryed that ccrlLoldsl iron can be

abs orbed by plant s r but that it carr be utillzed trrI¡¡ und.er

oârtain cond.Ltl.ons. Ee conclud.od. fr,orn thls thåt the
rlwater solu.bletr l:ron cørtent of a doli 1s not dårectLy

related. to chlor.osls In plantsr as part of the availabLe

Lron fs pnobably assoeiêteô with the so1I colLoid.s on le

iteelf eolLolàal. Colloid.al lron wilf ¡,emaLn avaLLabte

u¡1ess Lt ls abs o:rbed. by tho calcir¡m ca:rb onate ln eal-
careous soils. Tn vit:ro, eoJ-lolda1 lra'n is most easlly

brought lnto solutlon IrJr Treak acLêe ln the preseneo of a
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red.ueing agent, and. Cbapnrån i 5 ) beJ.leved that by these

means l"t ls brought into solutlon âfter absolptLon. Tbe

co]--! oLd.al lron cannot be redused Ln cblorotíc planÈe, and.

tlì1s Chapmân ascrl"bed to be tb.e resuJ-t of a b¡reakd.owß of

the oxygen exctrange mechanlsn.

Iron c onpound-s have long been regariled as oxygên

eer¡rLers in planÈs and. aninals q Distì]rbanees in Lron nu-

trLtlon are pnobably the most c oanonly rec ognized. nutri-
tlonal d.lsord.ers causlng chlorosls.

In oonnêetlon wlth thts lí¿¡dner and HarLey ( 23 )

stated. Èhat there are vâriou.s ways in whieh tbe lron nutri-
tLon of plants may be affected. so as to brlng about ehlorotLc

condLtions. Four oÍ the most c ornmonly recognised" types are:

(1) true iron aleflclency, (2) an upset ln tho phosph.ate-

l-r on balance, (õ) an upseÈ 1n the iron-nanganese balalce ¡

(4) a lime lnduc6d. chlorosLs. The latter ls pnobabl"y the

wldest spread- d.isord.or of this üype and 1t has assrKed

serLous pnoport5.ons in tbe mo¡.e arLcl r.eg5.ons where bigh

c oncent:ratLons of calelus-carbonate r, and. magne sium-ca.rbon-

ater: a?e p:resent fa the soll.
True l¡ron def5.clency occurs expe:.lmentally tn

water cultu-z.e :s oLutlons or send culture s r wt¡e¡e the lron

1evel of the nutrlent scltitlons ls kopt 1ow¡ ot, the ab-

sorptl.oa and. utillsaÈion af iron is ret&rd.ed. by the pH or

Èhe presence of other metals. Slnee lron is so uld.el;r
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sprêåd 1n most soile, and^ since the +mouat of iron necessary

for no¡mal plant growth is rolatively sþâ11, this slmple

type of ohlorosls probabty occurs Þequently uncler ffeld
c ondl- tl ons .

Slùerl"s and. Young ( tr0 ) f or:nd. that chJ-orosls r

due to iron d.êfleiencyr occtrt'rod. ln pineapplo plants genêIâ-

a1ly on lrel¡ganl.ferous soils and. tbat lt could" bê prevênted'

by appltcatlon of L¡ron- sulfate. Tt aêy, hosueves"r develop

ln non-manga¡rifer ous solls with pll values hlgher tbån 5.5

espêcialIy when t:reated rrui th fe:rtLlizens u¡hlch Ïrave a re sld'ual

alkallr¡.e reaction. Consequontly hlgh plÏ cåuFes oxldå.tlon of

Lron witl¡ folloivLng precipltetLon of the latÙer.

Johns on ( 2l ) and Kelloy ( ',Lr' ) believêd- thât

rnar¡gå.nôse Lnducos i:: on chlorosls by oxid.fzlng forrous Lron

to ferrLc i::on- Ln the soiL¡ a reaction c onparable i;o that

occunri.ng at htgh pH.

It has been fou1d. quite ofton that Lron as wefl

as må.r¡gâr¡e se ls noro solubtre 1n åeld. than ln aIkali-!]e solls.

The ¿anger of d.imlntshing tire iron content ln tt¡e soi1- by

leachi"ng is theÌ'efore greater in asid. solls¡ es¡)êclally

wh€n p ool3 1n lirrle.

McGeorge (9,8 ) concludod. fron Johnsonts ( 20 )

and Kelloyr s ( 22, ) data thå.t plneapple chlo¡'osls o.n nangan-

Lferous soil-s v¡as due to a greater assj:nil-ation of caleLìl¡x
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and tb.at the prlnc{pal dis tllrbaneê was tbe greater lÍrto-

blltty cf iron in the PJ.ants saused by exceesiva li'!ûe con-

teni ín the stalk ând J-eåves; slnee lron wa's presenù 1n

equally available f o:'¡c in both, mangániforous arìd' n or¡-

ßâJlgânifercu.s solls of oqual pH.

. Gil-e ( ll ) ais ttngul stred between manganese

Lnd.uced. chlonogis and Ii¡lte ind'uce¿ chlo:rosåg r anô stated' tb'aà

rrangâna se índ.ì.lceä chlcrosls ln plneapple s ln lïa¡vai I was ln

parè d¡ìe to iron d.ef Lcfency in the plånts lnd'ucod' by mangan-

eso ¡ while the J.L¡xe ind.uced chlonosls Ln Puerto F'Lc o 'JÍs's

d.ue to a lack of lron 1n tlre plants :Jrduced' by calclu$ car-

bonate ðllrlnlsh1ng tho avallabtlity of iron in the soil'

. Tunlrânn ( +tf ) f ound i;hat rthtgh lXme n plants

d.lsplayod an lron 5-,nnobt3-ity chåraetôrizod" by copious pre-

clpitatlonofironl.ntherootswithatenðoncytod-l¡nlnlsh
in aanial pârts to such ån extent as to j'ntrodueo lron

chJ.orosls s¡nnptørs" I,oehwlng (Sç ) and' ShiÉve (58 i

e-ïp¡?ossêd simLLar opLnions.

üopk5.ns and l4Íarur { l7 , q6 ) yreta that iron is

remcved- by adsorption on ealcilì$ phosphate¡ v¡hí êh grad'ua11y

preclpitatos when solu.tlons beeøe aLkallne ' Thls is a

physico-che¡aleal. êffect whtch nay inflìrenee i¡'on availability

wlthin tlre plant as v¡el1 as Ln the c¡rlture media'

The oxld.ation of iron in the pIånts' as suggested

by Shf*va ( 38 ) war ascribed' to thg facÈ that the iriva-



72

lent manganess has a hlgbêr oxl-d.ati cn rê¿uctiÐn potential
than Èhe d.lvalant iron. fhe same abtlity to ind.uee

chlorosis was str?eÊsed. for eobalt where valency ehango Bras

aôsoeíatod. with a sti11 higher potent,åal.

Chlorosis dìre to an upset in the ir. on-;,rangane ss

balance has been dlscusserl mo¡.e often and. the general

oplnLon seems to be that lt Lead.s to a d_l-sturbånee ln tho

oxi"datl on-r.ed.ucti on potential whereby the funciioning of

iron Ls d.istu!.bed. IlorÍevgl3, ln scme cases a mutìra1 antag-

onisn between L¡:on and mangane se has beon suggested.; whero

cirlorosls was d.ue to a re tard"ed absoz'ption of one of these

eratals(3r 4Þ).

Llme lnduced chlorosLs was stud.led. mo:re neceirtly

by ¡inilner and HaÌ1ey (Z3 J. Tbey reported tbat there

was no consístent corro].atLon botween the toùal Lron con-

tent ln leaves and. llxtre tnduced. chlorosf s. tr\lrtherr¡.o¡ro

theÍ.e seemed. to be no comelation bêtween Iùre i¡rd.uc ed

ehlo¡rosls and- the phosphate-lron ba]-anco, It would thus

appear that lLroe Lnd.ueed chLonosís ls not assoelaled. witb
the othe¡' typos of iron chlorosls. fn s oú.e cases a lowor

iron content may be a contributing faetor in 1l¡ne lnduced

chlo¡rosis but oùhor factor's must also be slgnlfleant.
l,lme induced. elrl-orosls is probably brought about by a con-

plex of eause s wh.ose Lni;err.elatLons are n ot yet fu13-y es-

tabllshed. The re was always f ound. a r.o1atf.ve1y hågh
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p otas sLulr-e aleJ.Lrrr ratlo by Li.rrdner and llarley ( 24 ) 1n

chLorotic leaves whfch lead to the suggestlon that a rela-
tiveiy high potassir:m level induc€s cl:.1orosi s by reptracS.ng

the Lron l"n the enz)rlre respcnsible for chl.orophyll forma-

tlon, thereby inactivatlng Èhe enzjane ô

Parsche { 5, ) showed. thât cslciur¿-cbl. o¡id.e: a.s

welf as aalcium-carbonate ¡may lnduce iron chlorosis ln
lupl-ne even though the calclum cb-lorid.o dfd not affoct
the pH of the soå1 app::eclabl¡ic

Bennett ( 2 ) stated. that potassiulr d"efLerency

caused e chlorosis of plum tr.ees whieh e.ppoered. to be a

d.i sÌrur.banee of th.e functl onlng of iron. The ehlorotLc

leaves d.id not respbnd. to lron applicatic,ns r¡hieh usually

curo 11nre Lnduceir chlorbsls: bui: they becpme green wlren

la:rge a3:plioations were made. In thls form of ch].orosis

pota s sLum-calciurq ratLos were lowen ln chlorotic than 1n

gneen leaveso A d.ls turbed iiron fu¡¡c t l onf.ng }:ore ttrus seens

to be d,ue to a ratLo of potassiun to caLcLu¡ oppoeite to

that existLng ln 15ne lnduced. cirLorosis.

Eartt ( 14 i found a nodular acetmulation of f:r on

ln sugar cane s'here plants were ste.?ved. for potasslum.

The add-ition of potassi"um to those platrts caused. sone of

the Lron to pass up í:rto the leaf blades. MeG€ orge ( 29 )

stated that both potassium and plxosptloru-s aid. in the dis-

tribìtrtl"on of iron and alu¡nlnr¡m 1n the nod.os of ea31ê.
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IrÕn toxl.clty sy,npt oms occu¡:red 1n plants starved of potash

although they contained less iron t|¿arr plants with. good.

gro{qth, tbus supportS.ng the vl er¡¡ that the toxLclty of lron
f.n su-gar eane l-s rather d.ue to lts ut:e qual distributLon
tiran to i.ts total concentratlon. Moreover, lt must be

taken Lnto account that potash starvation may 1ead. to 1¡'on

t oxicl. ty.
Sidê"ls and Young ( +O ) rworklng r¡,¡lttr d-lffe¡¡ent

amor:nts of potassLlnl on growth a-nd ash constltuents of

plneapplê, f ourd, tbat the plants gr ou'1ng ln rrhigh potassfumtl

cultur.es (2O5 ng X/L) ecntatnoð moï.e lr.on than those in
Itlow potasslumtr eultures ( + rüg 4/f ), The greater accumu-

latlon of iron in the lrhigh poùassiÐrarr culi;unes had possl-

bl1i resulted f,rom the hi gher rate of metabolic actlvity
whå ch in tu¡¡r¿ increased. thê abscrptlon of l:ron' The

greater amount of Íron whlch ¡sas foucrd. in the roots in
Ith5"gh potassir¡mrt cultures than Ln rrlow poùassiumrt eultu:res

was prûbably d.ue to the fa,ct that iron q¡as attraeted. to thê

root su:¡fece by s@o physico-cbem.lcal force gener"ated. in
th¿o cslls aln,ost pr.oporilona]. to th.e metsbol-Le actlvlty
of the cell-s, es lndicåted. by the better gr. ovrtl: of trblglr

potassLrmrlt plants. In the sæne set of exporlments tho

plants given affihonLa as a nitrogen source eontainod. more

iron tl¡an thcse glven nLt::ates, indicetlng that the hLgher

hydrogen l- on ccncentr¿tlon ln tho a.:rusoníulr series had.
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favored the absonptior¿ of iron by l-nereasing its solubility"
Rirode i !5 ) stated. tha. t potassiun-ciefLelent

plants c ontained. low amor¡¡rt s of fuon but hlgh amor.utis of

manga.nesèo Mor'eove? he asserted" thå.t eataj.ytlc enzyr:.e s

1fihfch contaln iron and lnf1uonoe agsl.ml"].atton olther de-

cr?easô or c ocple tel¡r eease theLr aetl"vtty tz: potassfu:m-

d.eftcienÈ plar:ts, wbereas enz5nrlê s contalning ãrangane se

are ab1ê to continue ti:.e år fïnctlon Ln assfuìlllat1on ând- 1n

e ûnse quence p:rcrrote ee:rta1¡r metabollc changes which cease

on ecoount of iron d"efíciency.

FrGB the s ta teüßer:ts clt6ô above Lt seems that

potasslum d.oes not have a. direct effoct upcn tbe absorptlon

of l-¡:on. Tn lo¡s concentr:atlons cf potasslum the abs orpti or1

of lnon is inhlb5"ted by loner metabolic actlvltLes of the

pJ-ant; a too h5.gh eoneentratlon cf potassiun dietlrrbs the

enzyme system by replacLng fron in these c ûnpound.s.

As regards ealeiuxo, Svranback ( +3 ) suggesteC thàt

absorptlon of Lron is retard.od by calclum. The appr.oxfu.ate

t¡:ansloeatLon quotlent for iron was leo at l ov¡ ealciuri¡ con-

centraÈLons (o. o42 g Ca./f,) n¡hå ]-e l"n tho cultu¡.es wlth higb

a¡tounts of ealeirm (P.14õ g Ca/t and 0,40õ g Ca/f,) the

quof5-eni: was lowe¡red to 0"2O o¡. Iess" lie thought iÈ was

posslble tha t insoluble lron c omp ourrd.s were fomed 1n the

rcots and. thêreforo not traas].oeâ.ted-.

Chapnår¡ ( 5 ) worklng with PLnu-s marltfu¿a¡



l_6

found. that excesaLve calel"urû b mb jrred. witb mangane se was

rapiôly fatal by producing l::orr chlo:rosls¡ wh11e Lrigh

caleiurx with.ru-t ma¡rgane se was tolorated.

Haas ( t3 ).gtated that wtth caleareous soLls

excessLve soil mofåÈure resulted" 1n hlgh pil vâlues, thus

makS.ng Lron ì:navalIab1e both lnslde and. outsid.e the plant ¡

and. so causlng chlor os is.



L'l

¡{ATÊRTA&S Æ{D METHOÐS

f. i{ethods of Cul-tivation

fbe water eu"l"ture method was used. tb:: ougþout "

Although exact dup3-leatlon of soil condltlôns was not possl-

ble, it was fo1.t tbat fon experimentål purposes¡ partlcu-
lar1y in nutrltional stud.Les¡ soål culture method.s would.

entail extensive and. elåboiîate analyse s. Ordlnany soll
is diffieult to use because of lts ccrrplioated^ physLco-

ellemicâL structure" fn add.l"tlon, a ser:ies of c cßpLl"ca.tlng

factors !rou].d. be lnvolved.. Therefore the waten culture

eethoð seemed bost adapted. to stud.les an tLre absorptLon

of salts. and elenents, and" their effects on easb. other a¡d

on tho plantso 3\r:ltb.er¡ûrore the cønpositLon of the aqne ous

nutrienè med.iw1 l" s }olown and can be oasil;i' analysed and

altered., Lf necessaryr at any tLme.

Vùater culituire of plants ereates certaln pnob3-ems¡

¡chen no¡:nal gro$¡tb. Ls d.e sLred,. Á. proper balance of salts ,

aeråtion of the root systemr and a satlsfactory pH must

be provld.ed..

Under greenhouse conditlons thê requi::ed ].lght¡

humtdtty and temperature u¡ere present" However, ürly a

f,ew of the ex.perSments c ould be ca:rr.ieC out in a green-

b.ouse. Frequently plants were grolln ln a small lab or"ai; ory

where th-e culture vosse]-s were placed. on tables facirlg
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north-east rsind.ows. Ad.d.5. t i onaL lS.ght was supplled by

th¡ee 40 watt fluo::eseent lalrp s suspend.ed above the plants.
0n c old da¡rs 5"nfr.a red- lamps pr:orríd.ed hea b . r{lthough the

tempe::ature in the roôti v¡as very d.ry r satisfã.ctorl' hrimid.i ty
lqas obtalnecr by keeping the cement floor ¡nol"st.

Ths e ond-itions Ln the srnaIl labo!.atory were far
ftloa opÈtr.al, wbJ.ch caused. $anIr d.tffícultl-es throughout

the cou¡rse of the stud.ies.

Ðu:ring the sünmer: nonths the plants were gr own

5.n a larger labplatory in fr.ont of east and south faolng

winclows where the I1gi:t conditLÕns Ìrer6 s oaewhÂt better.
The i;emperatu::e also was moro favcurable d.uring thls tf$.e.

In f he spirJ.ng and. stìnïner months fungl and bac-

terla attacked- the roots of the p!-al1ts so þe avl"ly 1n s cu.e

eases that the materj"al had to bo d.Lscard.ed.. MLeroscopLc

ê:camlnation r.evealed. the presence of bacterla, O].ptdlr:!q

j:ggglcae, Fusarium and specles of the üucorale.i.

Tomato seedllngs suffered. f::equ.ently from the dau¡:tng off
d.isoase whleh is kn cwn to be caused by PythLu¡r. In o?der

tc r.eduee Í'ungus l¡rfeetLon¡ seed.-bcrÐe organLsms on the

t@råtoes uere c ontroJ-J-ed. by a hoat treatnent. The seeds

were kept fÕr 25 minutes Ln a water bath at 5OoC, tho:re-

after they were allowed to gonoine. te und.er aseptic cond"i-

tions. Seedllng d.iseases were eontroll-ad wlth meror¡ric

chlorld.e (2 p.p.¡n. of mereurLe chloride added. to the
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nutri-ent solution). fhe plârite were kopt 1n such s o1u-

ticns fo:r one week" The presence of mereury even ln this
e cne entretlon aarkeC.ly d.eprossed. th.e gnowthr of tho toøato

plants. Tbe firngi appearedl," however, to be unable t o sur-

vLve tlre m€reurl"al t¡reat:uent as t:ransplantod. pla.rrts sb.owed

normal growth $lthout fungal attaek. In s @.e cases lt
was found, that frequent d.ipplng of the tcnato rocts ln an

aqueous solution of 10 p.p.m. of mercr¡rl-c oiúorido for orie

or two mfnutss helped to su-ppness the gr cnrth of fungi"

Oats 1n genoral- were mor?e cliffieult to grow 5n

culturo solutlons than tomatoss. They suffer.ed nore

sev€reLy frcm' furrgaL àn¿ bacte::ial attacks, and d.lfflcul-
ties were encountered. in controll ing these organlsmsr

Þesplte the culture d.lfficulÈ1es iÈ was possibJ.€

to obtaLn a considerable number of noryra] r troalthy plants

with whLch to earry out the desired. ex¡erlr¡entsr thus mak-

lng tt possible to obtaln c€rtain definite ¡results.

2. Nutrient Solutlons

The nutr:lent soluùíons were prepared fr o¡n Ffsher¡

T.P. or3 B.D.E. A.nalaR sa].te and dlstllled wate?, pr.epar,ad.

1n a Ba¡nstgad. stl11. The pH of the d.istllled. water was

6.5. A 2000 m1. s arr¡rle of it was evaporated. to a volumo

of 25 ¡r1. and. tested. by spectrophotg¡'ietrlc analyses for
lron and Må.ngane se. Ttre analyses dld. not lnriieate .,:..
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the preeence of eithoe of those elsments r and. tbe disttllodl
nate¡r was therefon€ eonsLdor'od to b€ firge f¡rør ths¡r o

A tost of stock ¡oLutlons dtld aot sbow tho Xrre-

sencs of l¡o¡r or mangaae sg ln d.oteetable arnounÈs¡ ancl as a

¡result thoy roro not pu:rlfiail. The stock so].utlons ço:rs

10 tLne s tho c ørcentra.tlon of the worklng nìåttrlont soJ.utlons.

Thsso rero plepa"ed. sopanately fo¡r oach of thê low calo!.ræ¡

btgb cal.olum åniÌ poÈarsLÈül EerÍêa. lho low oalclum sonlês

coûrtaLnod. Ot42 g. of oalef.uú¡ pe:r J.lüro¡ the h5.gh ealelrllr

sorL€s e oraÈaLaed. J-.45 g. of calclru peï. llürei whlle potas-

sl'ua wqs not laelud.ed. 1n the potasslue serlôs stock bìrt ìras

ad.dod as no qulned. to eaeh of the nutrient solutl.ons.. Ího

oo¡rposltLons of, the soLutLotrs are g5.ven bolow.
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Coaposit5.on of tbe salts

the rtlorc' galoirmlt eêrl"e s.

Salt

c¿r(i{0õ)P.4HgO

NaII2P04.gAO

TÕdO-ù

Naltr0õ

ug {N0õ)2'6IT20

I:arSO¿.10HrO

tha sålts

series.

<,)-

ln tlre nutrient solutLons

g. pe¡' L. of solutLon
' 

Ou 25

o"156

o.214

o.03?

onõ2

Q,32

ín Trho nutrl"ênt s olut lonstmposítlon or

of the rthS.gh calcåtmrt

Salt

cå ( No5) z.4Hzo
NaEoPO, .II^ O.r1ã

Mg So4"?IltO

YåSO4

Compooltlon of the

of the potassii:n sercia s.

Sa].t

ca(No 

"l 
r.us-ra

NaII2Po4.H2O

KaS0+

g. per I of ; sòltttlon

on84?

o.156

o.508

0.185

salts in the nutrient solutions

g. per L of solutLon
o.84?

o.156

.q, 0.06

B O.82

t 0.6
Ð L.0
o"509!,{Lg 3O4.?E2O



22,

3. P1a¡LÞå.

Tlre oxperløent Ìvas designed to fnelud.e st'¿dles oìl

mø¿o- and dleotyledonous ¡:lants. The monocotyled-on used. was

the slrai.n Tarna of .Avena sativa I,. whi.le the d.icotyledoi: wag

the gard.en stnafn of MârelgÞe af IryræecÊlqôn eseqlq4turc.

Seed sanpl-es of the oats were provlded- by Dr. lT.H.Eagborg of the

laboratory of PJ-ant Fathology from experJ.mental plots at Oah

Bankr l,tanltobå. The tonrato seed.s were obtalnec eoa:norclal1y.

4. Methoå .o€ gênr48a'b;Lgq!

fhe seeds wez"e gemlnaÈed- on elthez' moist qùar"tz sand.

on ashloss fllter papêr. Tmpurities lqeîe rernoved. from the

quartø sscrd. Tjefore uso. ThLs was d.one by treaÈing lt wlth

1O pe:r eont nLtric acLd. for. ono d.a¡i.¡ followod. by sever,al rl.nsos

with tap water s.nd then d.lsÈiIled. wate:: untLl the pH of the

sand. remailxed at 6. 5.

Gernlnatlon of oet seêd.s on ssrrd or fllüez' papen mol"s-

tenod. wlth dtstíJ.led water rvqs satlsfactory. Seed.lings devel-

oped. wfthln ono wesk to a hel ght of 5-6 inehes" The tomåto sêed.s

raquired a longo:: period of tfure for ge::nlnations and ln ad.-

dl-tlon to water a nr¡.trLent so]-ìrtLon rqå thou.t iron and. mejrgane se

traC to be given. At the end. of õ weeks the tamato seedl3:rgs

ware usuall¡r large enough for t::anspJ.a¡rtatlsr lnto the c'irl-

tural vessels contaLning the varlous nutrient sclllèlons.

Eoth types of plants ge rraina to d. ånd grew equally well on
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filter Þaper ås cn sagrd.o Bocâuse of the greater convenlenoo,

the eeeds were evêntually go:alnateC. on fil-ter paper. The

sheets of paper were easlly chånêêd. aften use¡ rnrh5.le cleaning

the sand was a uorê corapllcated. procedu::e.

tsefor.o the oat plants wene transfemed. to nutr.lant

solutions thê end-osp€l?rs we3"o ¡:emoved. jå order to prevent

eontaralnatS-on of the nut::iont ned.la with materlal stored ln
the seedec No such preeautfons î¡ere need.ed with tmatoes

because tho stoi:age organs of their soed.s å.?e the eotyledons"

lwo sepa::ate mlsro ôlenent solutlons wero prepared for
boron, copper¡ zlïrc ând. !0.o1-ybd.enumo TheÍr. cøapositions were

as fo]lows:

Miq¡,q.êut¡¡.eg! re1u-'b:L!r"j_I (g. per lttre)
2c86C å. HtBOt

O.230 g. ZnSO4.?HZO

0.08O g. CuS04"5Hg0

iût_qqo nlltriqllLjolu!1on I1 (9" pei: Iltr.e)
. 0.0?5 g" MoO5

One milll]-ltre fc'om each stock soLìltions was added to

ono 1Íte:: of nutrlent nêCla thus provJ.d.5.ng the plants w1Èh

O.O5 p"p.m. of boronr 0.O5 p.p.m" of zJ.nc, O.02 p.¡r.m of

coppor and. O.O5 of molybd.enwn

Tnon erld man€ea€ se lyere ad.ded. in varying concent::a-

tlons dopending up on the experimonÈ"



24

. The Bånganese was supplle(i- es mångån ous sulpirate "
T¡rcn was enpl o¡red in sevel:el. EaÏ'e u¡tii a satlefactar;¡ ne thod.

rÍâ,8 evclv€d. Ât fLrst ferrlc e$sonLulxt eLtrate was used.n

f{o$ever" with thl,s the lron precipiteted rapíd.l¡r ¡ naking lt
neees-qåry to chânge the solutlons very often" fn ord,er to

c onflum the fact tnaÈ tne precípl.tate contalned ir.onr. the

solutfon was fLLtored: and both the preclpltat€ and thð

fiLt¡rate were tested-. The precipitate contalneci, a fa¡'

higher coneentratlon o.f, lron than the fll-trate. Varying

tkre plÏ wlthin the renge of 4 to ? d.ld- not red.u-ee or pnevent

pro e ipåtatl cno

fron huraa.te wâs neãt trLed, al though l"t is. icr or¡n to

be a stimulator of tracterlal growth. Horner.e tsurke and.
I

Ilooven ( tþ ) f ourd. ttråt llxrate !eas. more eonvenLent to em-

ploy ttran other f orBs qf i,l¡on, sueh as sulfate ¡ eåtrate or

tartrate o

the followtng method rras us6d- for the preparation of

lron ]:risate .

- To one lit¡e of 3O volu:¡es per cant sulphuric actd.

u¡hL ch n¡as brou€ht t o bo11Íngr were aild.€d 125 g. of sugar.

{'he mixture r¡as alLowsd to sl¡:mer f,ox" thrê€ hours. After
coollng the liqulcl phase r¿âs d-Lscard^ed. by ff.3.te::ång.

ConeentÌ*ated. potass5.um hyd"roxlde or. s od"lrrli hyd.roxåd.e ne.s

ad.d.ed. to the solid phåse rråtil lt partlally d.J-s sofved. and

ga!'e an alkallne reactlan when testecl- wlth phenalpbth.âleln"
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{he naterlal wae re-fi].têred. and the so]-id phs.se êLecsrdocL

after ølo 0:r more wåshlngs with cltlute a1ka1lo Ttre alkal_1

extraet c ontalnlag relatlvely puz.e soluble potasølurn hunate

was pu:rlfled b¡r precipLtation with sul"fu:rla acfd at a pE

of 5-4. Thê l-lquld phase ûås dlscarded whll.e the solld
hydrogen hr:mate was d.issoLved. and- nèutrallzed wlth 1 to
5 por êent potase*un bydr oxld.e r:nt1l -tho solutlon baê s. pE

of '7. one litrs stock solution of potassiræ huÉate was

propared. by addlng dlsttlled wator¡

Tha concentration of the humato 1n the final solution
was deterrrfnôd by preclpltating 1t in a 5 y¡rI. allquot pontion

wLtb KOE. The p::ocipÍtate was dr.ied overnigh.t ln a welghed

frifted g3.ass fi3-ter, at 1OOoC, and. rewei.ghed.. Tbe ÈotaL

amouret of potassfum bumate c ontaineÖ in I lttr.e of solutlon
was 2O grams o

Iron humate nas pr=epared- þ the ad.dltlon of fe¡'z,ous

sulfate to portì"ons of potassfum humato. KOH was used.

to ralse tho plf to 8, Èbus pneventlng tbo solutlon to floc-
oulate on stancilng" The ts-humatê :reaotoê with approxS.-

måtely 2 mg. of lron po:: r¡l].fl1lte:ro ft was f ound. Èhat

plalt growth was severely :retar"d.ed. ln hûrate solutLons

becauso of Èhe profuse bacte¡.ial and. fungal. growth.

Jacobson ( 19 ) found that iron supply fn nutrLent

soLutlonE oould be ealntalnod by the addl.tlon of felrlc,
potassium sthylene-d.lamine-tetra-acstlc aclC.o Shls



2!6

c omp ound. foncrs cholated conplexes particularly wlth
di and tri-valent lonsc ¡'or the p:reparat5"on of chelated.

lron 2.6 grs of ethylene-dia¡nino tetra-åcetic scid we::e

d.Íssolveil ln 26.8 mJ.. of 1N. potassiru hyàroxld.e. To this
2,49 g]¡.s of fer.¡"ous sulfaüo (FeSO4.?gAo) were added. d.fuect1y

and a br.own precip5.tate formod.. The mlxtu¡re was dlluted.

to about 4OO ¡a1. witLr cltstillod. water. The remaining pre-

cipltate was d.Lssolved by add5ng drops of concentrated

aulfurle acld until the pH 5.5 was reached. A clear yêllow

solutlon resulted. at thls acld.ity Level. The s olut l"on was

diluted. utth disttllsd waten to a volume of 50O mI. Oxe

ml11111ten of the solutl,on in one lfte¡r of Itqu5.d. prov5.dod.

1 p.p.n. of .irono Chelated. lron was used 1n the najorlty
of oxpenlments and was fou.nd. Èo be a satlsfactony source

of i.ron. :

Thoroughly cleaned py:r,ex glas srare rÍas used througþoìrt

the experLmentso fhe beakers¡ etc" sere wåshod fi¡st wltb

aerosol ånd. waterr then placed. Ln a cleanLng solution (uåd.e

of K2Cn2O7 and- cm.c. sulfurle aoiil) for at least ore half
hour and. then ¡rinsed. ln flvo changes of d.1stlllod. watsr.

5. Ëxp¡r:þontal procod.u¡re:

In the prellmlnary expe:riments the plants woro gx¡own

tn 15O m1. cultune vessels. lllhen fou:: d-ays o1d. and. about 5

i¡rcho s hlghr the seedlings were plaeed. on wet fllter paper

sheets e mta5-ning holes f o¡ the roots : and supported- by

plestic dl"scs. Íhe fl-ltor paper sboets lrêre kept moist by
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suspendíng strips of filter !)åFer thrûu€b Lroles in the discs

æ1d paper sheets j::t o the cu1tu,::e solu-tion. The shcct

system ç¡s-s kept irr 1å lneh glass eyllnders closed. at th.e

top to salntaln the hrnid.lty. I'he cyllnde:.g also served. as

su.ppor"ts fo:: the aerlâl portlor¿Ë of the plants. No aera.tlcn

of tbe ni¡trlent Bedia was ¡:rovid.ed.. ¿ceondi-ng to Es.ste,roo¿

( 6 ) enough oryten should- be supplled. to small roots by

a å to I lneh moisture saturatecl air spaee bet$¡een the

sclutíon LEvel and th6 basê of the shoots. Tire spaee grad-

ue]-ly' bad to bô irìcreased. in depth Es th-e plante grow.

Dr::'lng tho prellmlnarl¡ et(per¿ment ån thê ealol,utrt

s€rìlee it ruas fou¡rd that growlng the slrcot systems enel-c¡sed

1n cyllnders was u¡setlsfaetory unless tl:.e conditions ûtere

ste¡:1,1ê, as a.û1st stagnant air- pr.cntotes f\:ngal growth. As

a resuJ.tr tho i-nterno<le s and leaves of the plants wone at-
tEoked by these orgarrisrns. fn alf further experlments the

closed cy]-Lnd-er.s were elil31inâ.ted" S\rr tber3lore , aeratlon

of the nutrl-ent sêlutlans aids 1n the abscrptLon of salts

and th.us ::eeults l-n bette:: growth of the experl.merÁtâl pl-ânts(t6).

ConsequentlSr 1n all late:: ea1:er'{mente vessels of 50O ¡r1.

capâcity nere used and filled wtth measul3ed qusl]tltl€s sf

250 ml. of nulrlent solu-tl"on and aeraticn vras prov3.d.ed. fo¡:

each. veseolo T?re vêsseLs a¡ere soverecl wåth 5 fuich s qlrare

paraffin ecated. eardboard plaÈes . å in¿f: v¡lde and 1 to 1$

J.nehr long glass tubes sere fLtted- lnto holes pu.nehod. 1n. -,
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the squares" The puz'pose of the tuTres was to gfvo a firm
support to the pl-a=nÈso ll:ese wer:e held in place by eotton

paôirlng around lrhe bases cf tbe shootso

Th.e ar:'angemônt of the ae::atlon syst€n ¡.¡as v€rlr con-

venLont, AVõ h.p, elestrl"{: pr¡eÊsure pr.::np forced the air
lnfo a eeries of glass T-pieces whL ch we::e Joi:red togeth.e:r

wlth r:ubbe¡ connectorE a¡ìd. supported. by gLass rods, stands

and. c]-ançs, Benb tubes we¡:e attached by rubber connôctors

tc each l-p5.ece end. these 
"u.ooLd. 

the air to the botto¡rs of
the cultune vessels. fne air prôssures were reguJ.åted. by

serew clemps on each of th6 tubes laad.lng to !b.o culture

vess€ls. Before the air. entêred- the T*tabes froÍ the pump,

it was led thr. ough a eotton fl"lter and. ¡iolstened. in a bubblor."
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Íhe general arcange:nent of the v¡ater cr¡_l_tur..e

experÌ:nent s
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Oab plaats fïequently requireå add.ltloriå] supporÈ

for tÌle l" r sboot system¡ Enaneled w5.re loops whl-ch enslceeè

the shoot systems were prcvided. for thls pulpose, fhe wlre

was attaeh.ed. to rods fastened to the stands abovø the p3"ants.

Elåck pap63 f old.ed. around. the ve ssels exe Iu.dsd. llgh.t f ncær

thê roots thus p::ovJ.dinå morle natu¡:al" c ond.Ltior-¡s and prevent-

ing growth of algee" The gene::al arr"angement of thêsê

experfu+ents le shov¡n 1n Plate J-.

6 " .{nalytle al_So:bhg4s ¡-

Ä modiflcatl,on of tho wçt d.lgestlon mei:hod. for plant

analyees recqnnendod. by Sand.el$lwas employed. fuì tbe first
erËpe rLme!'¡t. the roots and shoots were anaS.ysed. together 5"n

thls single ease. *.fter thê ::octs we¡:e tho::oughly rineeè

witb dtsttlled- water, the ple-nts were drl.ed overntght ån

an over¿ at 1OOoC" a.rrd were then coolsd. fui a desl.eeatorr.

welgheðr ¡r1aced" 1n beâkers moistened- witb 1 rel. of d.ís-

tl-lLed waterr and digested. Ln ?,, mf. of c oncentrated

sulfu¡Le acåd and 5 ml-. of concenÈrated. nrtric acl-d. on a h.ot

plato aÈ bolllng tern¡:oratu::e " A fe¡v drops cf nitric å.eld.

were å¿Ld6d. f:: cm¡ tl¡ne to tis.e until the plant materlal was

ccmpleteJ-y dissc3-ved. as!d. a c3-ear solxrtlon was obtalned. O!1

cooling 5 ml" of d.5.stiJ"led water wer:e added ancl the sûlutlon

evaporeted. agal¡ unti'ì whlte fume s of sulfu?Le acld. anpe a:rod.

and. approxlmately l m1. of th.e solutLon was lefè i:r the

evapo¡atirig d.ish. The soluÈLon was then filtered- and. tbe
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filter paper washed. wttir $#wO¡ into â 5O ml. volumet¡.1c

flaskr then nad.s up to volumo wlth d.tstil1.ed watøre

fho s arno wet d.ige stl on ¡aethod. as d.escribed. fôr
plani matarlal was usêd. f o!" analysing s olutl ons e onta5.n5.ng

Lron Ìrumå.tô as othôrlriso the d.a"k brol¡¡r color of theso

solutes ",r¡ou.ld. l"nterfero wLth the c ol orima t¡ric deterrninetLÐn

of ir"on and ns.ngå.r¡e Je. SoLutLons containing chelated Írar¡

s¡ere colo¡:less and" c ould be analysed. diroct3-;rn 50 ¡r1.

saraples wone taken rvhenêvol: the solutLons were chenged or

lha exper"iment d.isccnticuad.. fhe volune s of the nutrient
solutlons were chðcked befa¡re and af,tef the plarrts were

pl-ated 1n ùhe.n"

The iror¡ åetormlnatlons werô ear¡1e,1- out by the

ó-ph.enanth:ro3lne method descr.ibed by Sandell ( 36 ), ttrts

method. Ls based. on the reactlon occu*1ng betvreen fsr"¡'ous

lron and. tho o-pkrenânthroli:re . resultS"ng ln the fo¡natl"on

of an orange-rod c (lapl.ex I C::1pn*W2 ) ,ee) 
++. Sandell ¡aen-

flonod. thaÈ the color Lntensity is depond.ent cn the amor:nt

of lron present 'J.rr"e spectlve of the pH wtthín the sange of

2 ia 9. F\rll solor d.e'rolopment occurs wlth:.in one hour ( 36 i "
L'r the anal¡rtlcal work hêrein repo::ted Lt was f,ou¡.d., h.oweve?¡

that the nost satl-sfactory resu3.ts were obtained whon èhe plI

1er"e3 '.qas witb.in the lrj.gher acLd.Le range ( åppr ox5:aat e try

pÏl ã-5). The aethod outlLr:od dld not resul"t 1n.ful1 color

d.e ve l opment . the:ref ore ml¡r o¡r modLfLcatlons tf Sânde1ll s
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aetÌ:.td wale rnåde.

The followlng prlocðd.ui:e was enployed for anal¡rtlcal

Fork. A õ n1. så:lrtr)L6 was taken frcm the 5O nl. volu¡:retris

fl"e.sk e ontaining the dissolved materl-aL o¡" nutriepi solutton.
Thå s was used. f or d.e i:er¡rlnat 1on of the a¡:rount of 1 :1 arnmo-

nllìn hydroxid.e needed. to brlng the p¡i to app::oxl"matê1y 4.

ono he.].f "'r1i].l-i].Lt?ê of both I M. acotlc acld and. 1 }{1, s od.f usl

åcetate were ad.d.ed as buffors, Fn d. å fe.:j?'d.rops of b¡ro¡ro-

kresol..gree!1 were used. as a colo:r lndleato¡" .4. f'!l.?ther 10

ml" of i;he solutian to be e.nalysed werë tr"ansferred. lntr: a

2õ nl. volum6È!'1e flask. fhe required amo,¿ri t of buffor
subs tanca and 1 : l- å?r]luonlì¿¡l hydroxld.e w6¡'e addêd- and. the

sol,,rt¿orì Lr¿s madê up to volwee rryl th d.isti-1led. water. i.

1O nl. portfon of i:he woi.klng sa$p1e was p3.aeed. Ln a test
tube, 1 mI" of hydroquAnonè and 1 mJ-. af o.5fl o-phenanth?o1lne

s o:but.!'- ons Ìrore ad"Côd.' The hyit¡ o quLa or¡.e soluÈion {c cr.nposod.

of 6"5 mI. of 1 n'l acetic aoid. and 5.5 ml. of 1M s odiusr

acetate 1n fOO rel. of d.ist1lIod. wate:r lul-th 1g. of hydro-

quin one ) Fgd.u.eed. ttle fe"llc l.ron to fo¡rous i:ron wtriLe the

o-phonenthrollne f oftnoé Èha o:range-red c Nrûplex mentionad.

above. Spectrophoi;orÂe trLc analyso s lreioe c ond.uoted. based. .

on the prlnciples rliscuss€d. on pages 35-36.

For $anêa.na se d.etor.¡rinatl"on õ5 ml. of the dlssclved.

raatçrlal were t¡:srsferred. to a 150 rn3.¡ beakon along w3. th

5 ml. of eoircentrated nttr.tc acl¿l ã.nd. 1ml. of coneentratsd
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Eu-lpllr:ric åciC p3.us O.1 gm.. of potåsnLi¡rå Ferioôete. ftre

solutlon q¡as heateå tc bol}.ing polnt at 'dhlch tLre reactlon
2lrfn + 5 Io4 + SHZQ ---t ?ll::1 4 + 5 Id. +ó}t takes pJ.ace.

fhe purple color rf the solution is a rêsuft of the prasonee

of the ivÏnOil The color intonsl-ty is d.ependent up on tb.o

äl ount of mangãnese ln _the soluül,on. Sûne diffieulties
arcee in tlrls connectì on. With. 1ow ålltourìt s of eâ:xgane so

the color fai].od. to d.ave1op, ar.d sû3.et:.rÉes. tbough d.evelop-

lng, faded. upon eool-1ng or by the ad.clttion of ¡vatât.

}ìlcha¡räs ( 3 + ) repcr.teå the necossity of aecur,aùe

eontrol ôf aeldity in ord-êr to obtain satisfactory color

d.evelopment rvlth snall quantÍt16s of nanganeso" The add.t-

tj"oa of sulphul.Lc asid. prei¡ented eolo¡ fad.ing wlthln the

acid.tty rango of 5-61". Excess âcld.ity caused. inad.e qua. t3

colo¡r deve1opeênt, o]3 eaused rapld. fading. SkLnner and.

Îatto¡.son ( S¡ ) ashed. 1O-2O gms. of anLrnal matorial 1n a

muffle fnrns.ce at chôrrl¡ red. and. were thus able to oxidfze

the sa:nples d.lrecttryr with 0.5 gins. of p otas siura perioitate

after thoy had been extraeteC utth 85iå p?rosphor,5.c acld. and.

õO-5O nI. of wate:: and f l1tered.. O 
" 
O1 ngs " of ns¡ìga.t:e sê

in 50 ¡aln gåv6 a nead.able co3-ot.

As sulphurÍc acid Ls very difficult to evapr::ate,

and as splutter'lng tehd.s to occur when the a¡rount of s olu-

tåon is u.e¡Lr:cee1, lt seeuod, advlsable to reéxreÉ? the aei-d.iÈy

in bhe worklng saæple and to etri.tllnate tho sulphu::1o aeld.
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Lf posslb1e. In wet dlgoetlon 1t leas not posslble to omlt

Èb.e sul,phìrrlc a¡d nit¡f.c aold. Therefore an eshLng method'

ssemsd to bo Bore suf.table.

The method degorlbed by tlÃdÃer and Hâlr16y ( 23 I
ras attempteil. Tb.e plant matenlal was d¡led ovorrlgbt at

l00o0.r cooled Ln a d.osfceator and tbe dlrSr welght deter-

mlnod. It vae thon ground 1n a slrathetle Eappb5.'se no:tter

to f¿ellltato proper ashlng. fbe stze 'of sanpJ.e useè fo¡r

asblng was deteltrfned by the amou¡rt of plant nate:rlal avall-

able¡ Samples varys"ng frør O.2-L g. çere aecurete3.y welghed.

and asbed l¡ slLiea cruelbLes Ln a muffle furnace at 55OoC.

f or 16 b.sutss ¡ FoJ.lowlng c ooJ.lng ln a dsslceato¡r the ash

wae welghoè and. then molstened wfth ø¡e mlr of dlstLlled

water and dlssolved Ln 5 m]-. of 6S nltric acldl bjr hoating

f or 1-2 hou¡.s.

tThen a resl.dluo was present l-t was noeossa¡y to fllte¡r

the solutlon thnough a¡r ashless fllts¡r papor ûhÍeh had- pre-

vlously been sashÞê with 6N ntülrlc aeld, and dlstilloè water.

It was foundr however¡ 1¡r sces casos that ths agh had noÈ

been conpletely d.lssoJ.vedr wben 5"t ras posslble to iloteot

traoes of 1¡?on aad" nå.r¡gane se on thê flLte:r lraper. thereforer

2 ul . of conoentl'steê nltrle aold. wo¡re useê ln adldlti on to

ttÞ 6 N nlt)rle acid. to d.issalvo the ash, and. drops of thB

ccncont¡,ated. Ecid. ûere frequont Iy ad.ded' to the mLxture al-

ternateJ-y ¡vith s@e d.lstl1led ûater untLl' a olea:l solutLon
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f¡ree of eåy reslduo resultedo Fllterlng was then not

necessary and. the materLal cou1d be transfert"ed ðlI:ectly
ta a 50 m].. vol"rme trle flask.

Tho Lron d.etorrminatlons nerê mad.e by the mo thod.

desorl"bed above. For tbe manganeÊe eie to¡soinaú i cr¡s the

solution was fL:rst evapo:ratod. to approxlmately 15 m1. as

bottor co3.or d.evolopment occurced. at hlghe¡r ¡!ångaJ¡e se o or¡-

centre.tlons. The prooed.ur.e follc¡red nas otb.orwlse the same

as l"n tho prevl.ous experiuents. SatLsfacùory ¡âangano se

d.etorralnetions could be mad.e at all llangano Be levels used.

?. SpoctroÌbgt@e:En:Lq -ltna].gs,es.

The mod.s1 14 C oleman unlversal spectrophotometor was

used.. It operates on 11ö volts 4.0. and a flîequency of

60-25 syc].ês.

ThLs lnstrunent ls a c Gnblnatlon speetrøÂoter and.

photcneüer. The spectr@êtor produces colored. light of a.ny

selectod. oolor and. ls oaIlbrîated ln tems of wavo-lengtb

(s-*A. lhe photometen measurôs the lntonslty of the mono-

chrcüûaf,ic beam produced. by the assocfated monochro!ûete¡î.

The lreadlngs rryere made by photeLetric measu::oments¡

flrst wI th. a ¡reference (d.tgt11lad wate:r) whlch was assueeê

to bave l0OØ transmlttance ¡ and then wlth a colored. sarnple

f.nterposed. l¡o the 15.gþË bean. The :ratlo of tho two lnten-

slty measunenenÈÊ gave pere€ntage transmittance of ùhe sa.m-
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p1e at tho wave-loagbre- (,ß, -fA. The transnlttanee Ls posi-
tlvely related. to ühe d.epth of color. 1n the solutLon .
Thls ls d"eter¡olned. by the amount of uorkå.ng substar,rce (5."eo

3'o o:r ldn) pnesont ln tho sarnpJ.e.

. T'lxo pêrcent transnltÈanoe was read" d.Í:roct].y on e

ealLbrated. scâIê¡ fhe lnstrumsnt was so d.e1fcate.as to
be fnfLuer¡eedl by thê oltgh.t d.f fforonce s for¡nd in faotory
mado cuvettês. Thus po:.oentage transmfssfon was Lnfluoneod.

by the c ontal.norg used. Thêrefo"e onJ.y two cuvetùes 1g mJ-. fn
dla¡rete¡¡ with equal t:na¡rsmlütanco were usod thr oughout.

The solutLon håd to bo penfoctJ.y olean and_ froe frcm bubbles

at tho tlme the neadings were taken 1n onde:: to d.lmtnlsh the

e:lron ',vhlch was 1 1ø rvhen all preeautlone were taken and.

requirements lcetr
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graph s Lt was possilrle to rietermine Lhe ccncentratic'ns of
Lron and &.angane $e 1n p.p.rn. when the percen_t transr¿i ti;ance

was d.eterralnËd by the spectnopho'tome.ber"" Th€ C-T cìÌrve s

ha're r¡oi been charrged dir::ing the et-pez"åmental wcrk.

The s¡rsten of spectr ophoto$.e trlc readlng l"s based_ on

the px.fneiplos of thê ¡ãÆ.bert-Eeer la:¡¡ v¡hi ch statee t}:at
the concentratlon Õ is pr'opor,tl-onaL to thê logariirbrÁs of

th6 eeclprocai of the trarrsmLttaneer T¡ by a fê.ctor K,

t=K+rogfrorc=-K+1ogE.
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EIGERI¡,IE1ff AL EE$UI,TË

Experlment I is prellmS.na:ry ån natuse an ï'lhlc¡¿ s ûTte

exper.lence 1n ttre metheds to be used..vras galaoô,and it

rvill not be taken intc¡ acc cr:¡rt 1n the d.i-seu-ssicn of the

exper"ìmental resulisr
Etle e:rpeïlåentg were eonducted l"n tç¡o ge::eral groups.

The serJ.es af Expe rfuâerìt 11 wås ear::l€d. cui wi*h dLfferent

anêìrnt s cf cal"cLu¡n in the nutråent mscllã.¡ whe::eas l-n tÌìs

serl"es of Sx¡rerlcent III the 5-xlor:nt e of poteessfrxa wero

varLeC. The ai¡i rcas to determj:re the effÊcts of cal"cire
I

and. potassåuu on the abscrption of iron ar:c1 manganese.

T:r both experÈnents Ave4a sg[i1te and Llrç oËg83legn eÞ c.]rlent!:¡r:

were grcrsrr. gach main experånr.ent t¡as subd-ir¡ld.ed. Lntc t'¡¡o

series¡ (A - .â,veêpi s atjlr¡q and.B - &+ï.copqqsÞon çrguþÊ.!un).

The expe::1m6nts for €âch- sêl:les wer* repeated- thre€ or four

if¡re s .

(1) Îiß EF}EC?S oF VåRYII,ÍG QL¡ÄI'IIITÏÉS 0!'

cÁ,lcIul,i 1l{ [I]E NUÎRIENI SCLTJ:|T0IíS 0]'{

GRO'/'¡TE Ali'D ABSORF'JTOI{ OF TRON AÌiID

t{À}iGA$-gSE.

CaLciue lvas supplied- in two d.ifferent emourrts o

tn the ri]-ov¡ Calcl-umt' Ievei ths s ollltlons contaårìâC.

48 p"p.mo of calclurr; 1n thê rrhågh ealclr¡rclt ievel 145

L!aìi?;xir

sf Í:.i +. ¡"

¡t. ¡r r],: t : í

popcstr of cale 1l¡r¡o



Iron and mangå-!ìe se ?r'e:.e prcvid.ed in rai:la s 5/Ot 5/L;

sl..ð- 5/2t5.j âs 1nC.åcâted. indl"vLdually on the èables.

Itro exper.iments rte¡ç set up in duplåcatee The p3-ar:ts

and. sol"ut-r or¡s fr cal r*ralogous culture vesseLs wer.e analysed

to¿e ther.

grel-trï}iÏrêg:. !¡4€gr':Lmeqb i - f*EeËgË¿t:igg

sr ót'ìm l-n dlfferent ]-evels of caLcåum.

fron was ussd. !n the f or*. of fe"rlc a¡Ì¡ronfu¡l te::t¡re"te o

The exper.åment v¡as set up v,¡i th trO plåi1ts fas' eâ.cli

l"nd.l-r'fC-ual groìrp. It was så.rried. ou b rin a labsratcrï¡ ::acnr.

The nutrient solutl.ons were chengo d. after th.e fLrÊt

19 d^ays and. anal-yzaC. for lron and mar.gane se " The d.ata ob.

taLned. ar.e given ln TabSe I'

T"ê,BI& 1. E4perimenb I
Chènge ln ir"on and nå,ngâ.rìô s e conbent of nutr-ie¡nt

solutLons du.r!::g the fi¡st 19 d.ays of expe::imant "

rnt"ELa.L a.l31ouÌ16 an
Ca leveL ¡qr'!¡ient qcl*tlons ¡ëcl¿gL_}qs'qjtucrq_éoþ31.çr:.":-__1n p. p 

"m.:___Eg__r49. ___-@ rß9. Fe rr1g. _ _ ¡ûn g!9" _
åow Ce -

42 p.pon

1"OO O 0"108 o

o.Lo6 0,036

û.115

l_. oo

1"Oo

o. ao

o.50

1"OO O

0"20

o.10c

o.o9B

o.:-c5

0,oo

o.60

iltgh ta
L, OO

L45 p. p.ra.
1.OO O¡50
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The cu1'bu-::e sofurilons in w]:å ch tbê p].årrts rvôre grqrrn

fo¡: th-o next 10 d.åys werê anal"yzed at èf-!e end" of the ex-

pe:'ínent. f¡rê rêsì:-3.ts of the arralyse s are llsted 1n Table

TÏ.

Tå"BIæ II. ExperlÍxont I
Chs:lge 1n 1¡¡on and mangâne se cc¡tent in nutz.åent

solutl.ons d.iìrlng the 1O day peråod frorn the 2Oth

to tho SOth ds.y.

InL l;1at aj3lounl; ftì
ca leve1 "'¿¡gåããtl''ãi"ix-*" - T'Tt T"t=ll= u:lTdo"
l.zr p.p,n. Fe mg. Mn mA Fe mg. I{n mg.

iow ta

42 p"¡:.n.

1.00

1. OO

1. OO

o

0.20

o.50

8.44?.

o"o35

o.o50

o

o"o14

o" 0t_8

Hlgþ Ca

14õ p.p"n.

1. OO

1¡OO

1"O0

o

o. ?o

oo 50

o.056

0.o44

o.o54

o.ol-Ê

o"o15

Frolr s.n exa¡l1na t å cn of the data g5.rren l-n Tables T

and fT lt would appear that both elomants c oncêr3]ed. wêrê

absos.bed ln ¡.elatlvely greaten amounts at the younger

sÈages of pl-ant growth. The d.Lninutl on of tho elemenÈs

j"n th€ nutz'lent so].uti.ons ¡ however¡ p:robabJ-y is not due

on3.y to absor.ptS.on by pla.r:ts u The filter pape:: strips
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hangtng l^nto tbo solútLons (as descrlbed. on page 27)¡ proba-

bLy absonbed. soce of the nutrienÈ saLts and. espeolâlly

mo:re at the beginnfng of the exporLment tban towarås ths

ond..

Tablo IIf shosts tbåt the pla¡xts eontalned Less lron

than wouLd. bo exBeotod. fræ the analyeos of, tbo nutrlent

eêdfai thls supponts the abovs mentlonsd' vlew rogand.lng

tho filüer ¡raper stnlps. lDhe content of mangane se ln the

plant matertal couLd not be estfuûatod. d'ue to teebnloal

dlfflcultles.
Plants growfiag rrlthout rnangane se plroduced. less d.ny

rolght than tbose recelvlng raengar¡e se 1n botb t¡reatments¡

In the trblgh oaleir¡mn leveL tbe dlfforenee between planùe

not recelvLng a¡y manganes€ â^r¡d those rocolving 2.5 p.p.m.

waa vory wa1J-, btrt lt ntlst be taken lnto eonslderatLon

tti^â.t thê latter groì¡p of plants sufferêd. exceaslveLy fnæ

ñrngal. aütack.

Iå thê tthlgh caS.ot r¡!ûr tbe plants showoi! a s@ewbåt

hlgþor åvera,ge of ctry welgbt tha¡r those 1n tho rtl-ow caleitmfl

Level.

The entl.re plants (roots and shoot systeus ) wene

anslyueô together and- l.t was found that p3.ants nooelvlng

moro csleit¡c o @talned more lron'.
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P]JATE 2

Averlq rêt¿gg_ plants groluì 1n

c onta5-ning dLffe::ent level-s

1r on¡'mangane so ratios.

nutnl-ent s olutlons

of e alcium and ðiffoi:ent



lt ît.¡f

Sïyà:*]e.tli ( +3 ) axp1afu:s lt as b*5,ng ¿ì-Le ¡o thô fact
thaì calaLrxr causes a shr'5-n1.;age of pores of the eell wa1ls

ând thus brlngs åbout an aecu¡ruLatlon rf illon o¡r fory*ati on

of lnsolubJ.e iron eonpounds 1a the roots"

In tho folLowing experlnonts, therefo:.e, the roots

ând. strrooÈs r¡crè asralv:zed sepalâtel":¡"

ExpqtiíEr¡_!._JÃ - Ser.!g!__¿,. Avena- _s-Lt¿1,-va_

srot¡æ try-4$foËent å9yqlq- _qf gelgii¡nl

The ôxperimenbs wons bat up E'å th 3,0..p3tr¡ts for each

lnd.ivld.uaL t::eatnrent.

Chelatod. L?on s¡âs usêcl 1n the conceotratLon of

5 p.p 
":.an th::oughout "

The pH of the nutrLent solutlons was 4.5 ir:itially
and. ohanged. to 5.0,d.r:r¡:1ng the flrst 10,.4âys of useo At

this aclClty leve1 the solutlons ::emaåned stable through-

cut the experÍmental peri oa'

t¡'ouir 1. - lhis experf.rcent u¡as earrled oui Ln a labo:ratony

roorr. fhe d.uplicate '¡esseLs wô¿àe innocirlatsd w1Èh roct
tfps f::onr grôy spock d"l,ssasod oat plants. All plår¡ts rvâro

ana3.yzed. but the d.ata aro givon h.ero only fcr ti:e non-

ínnocuLated c ont::o1 vêsse]-s¡ bocauae Lhe Lnncculusl rrr¡as

found. tû contain Lror¡ and. mangane se and. it ."¡as not possl-

b3.e to estimato Èhe exact amorxrts of these eleaerìts p¡esent

i.n the Lnnoeulated. nutrlont solutLonse $:e nutrlent sol-

utLons were not changeC d.u::ing the eoìrr.se of the expBrLment



,1<)

bacauss an ai;tonpt 'irâs rnad.o to obs€rvs the r1ave J- opmenì; of

grey speck d.íseasa ln a¡r undistu"bed process.

The obsenvåtions ue'åe wlth regard to grey speck

dlsoasa, w111 be dLseussed sepai:aèe1y. At press¡1lratten-

tlon w111 be paíd. onl¡r to i;he absorptlon of lron and

manganê sê r

The ;olants gzew satlsfao {: o311y. Plate 2 shotlts the

plants at the t1:ne of d.isooãtíÉuation of the oxpe:ri:,ront.

.Gto.l¿p- g. - fhfs expetiment was earrisd out l"n å 8ro enholrs€.

the eulture solutl"ons were changod aftôe thô

fLrst th¡:ee weeks" Analyse E showed. that Erost of the lron

¿nd. nanga:re se p::e sent Ln thâ solutlonr was absor-bed. ThLs

1ryas not srË'prlsLng as vLgorous growth was ovLdent. Healthy

rcots and st:'ong shoots y"orê produceclð PLate 5 shows the

piants at 40 d.å.ys of gnowth in the nrrtrLent !xed"ia..

Grplp -ër: lhís oxporiment lras sot up ln the labor"atory

lroût!.e Duo t o the shor.t duratlon of the o:rperiloent å

chânge of thê nutrient solutLons was not deatnablo. Many

plant s suff êrêd frs$ bao.t{ir!åal .. ati:ack and. d.ied. ù:ly aor-

mally gr or,r: hoalthy plants sÌ th a good ::oot d.o ve J- opnent

rrye¡.e soLeetêå frr anal;rsls.

.{nalyÈtoal d.sta ete. 1.ele'Èlng to Expertmen t II

are glven ln Tablos IV a¡rcl V.
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PLate õ.

.{vena sgÞLva p3.ants grown 1n nutrLent solutlons

contaLning dlfferent levels of calcium and.

d.l fferent iron/mangane se ratlos.



T
A

B
T

,E
 ÏV

E
:ç

en
lm

en
t 
If 

- 
S

or
lo

s 
Ä

D
"y

 w
@

j.g
ht

 a
nd

 p
er

oo
nt

ag
e 

of
 a

sb
 o

f 
@

-g
g!

'f.
Y

q 
P

la
nt

s 
gr

ou
rn

 f
ui

so
Lu

tlo
ns

 e
on

ta
Ln

S
.n

g 
dt

rf
fo

ire
nt

 L
ev

ol
s 

of
 c

a3
-c

lu
m

n

ür
 o

t;r
p 

6*
 L

ov
el

 d
,u

.r
.a

t 
io

n
N

o,
 

of

Lo
v¡

 C
a 

A
ug

us
t 

to
S

ep
t' 

3.
95

L
4?

 p
,p

.m

H
lg

h 
C

a 
55

 d
ay

s

14
3 

p.
p"

rr

C
on

te
nt

 i.
n 

nu
tn

Ls
ni

; 
D

ry
 w

el
gþ

t 
po

r
so

Lu
tL

on
e 

pl
an

t

E

Læ
r¡

 C
a 

D
oc

en
xb

e:
r

t0
4Ê

 p
.p

.m
 J

an
n 

19
52

Iïl
gh

 t
a 

4O
 il

ay
s

1.
1õ

 n
.n

.m

5 5

o. L.
0

I,o
w

 C
a

5 
ill

gl
r 

0a
l-¿

15
 o

.o
"m

o,
09

5

o.
t"

L?
 o

"1
0Y

0.
11

1

5 
0 

o.
2Q

 
!2

"ç
2 

15
.8

5 
1.

0 
O

n4
4 

0o
õ6

 
6,

,5
8 

8"
69

 
li.

.L
 

].'
P

-o
a

5 
2.

5 
Q

n/
*6

 
6.

64
 

10
"3

o 1.
O

2.
5

Ju
ly

 1
e5

2 
å-

 
. 
*-

Ê
:.-

s-
--

9s
!?

ç 
--

-.
-*

-1
9:

9-
J"

5 
d.

ay
s 

5 
Ê

n5
 

0.
03

0 
L6

.0F
er

co
nt

 o
f 

ås
h

S
ho

ot
 a

vo
tS

- 
R

oo
t

o"
09

1

0.
1s

5 
0"

12
6

o"
L5

r1

5 
o 

0,
84

 
11

.8
8 

18
01

.

5 
1.

0 
0"

36
 

0.
55

 
7.

A
2 

80
31

 1
õ.

6 
14

06

5 
2.

5 
Q

.4
4 

6.
62

 
L2

"2

10
.9

6

9"
49

9r
98

7,
rL

9.
91

".
 lo

,6
 

Lõ
,5

L2
"6

1L
64 8"
O

g 
9.

 5
ö

g.
 9

3

.¡
iv

er
-

'l 
.4

90
0

9.
4

8.
6

€n c)



G
r 
ou

p 
C

a 
Ï',

ev
ol

*¡
lB

Iu
E

 V
n 

S
:(

pe
rf

nê
ni

 I
I 

- 
S

er
le

¡s
 *

'o

Ir
on

 a
nd

 m
en

g,
sn

es
e 

cc
nt

en
t 

of
 &

&
å-

S
.A

!.¿
æ

 p
tr

an
ts

 g
l3

ol
¡J

n 
1n

 c
i.i

ltr
u:

re
 s

ol
tlt

,lo
ns

T
ia

le
 a

nc
l

du
ra

i:i
.a

n
c'

f
e"

'lp
 t.

Lo
nr

 C
a 

A
ug

us
t

to
S

ap
 b

.
4Ê

 p
"p

.m
 1

95
3"

H
lg

tì 
C

a.
 5

5 
ile

ys

14
õ 

p.
p,

m

C
on

te
nt

 in
 n

ut
¡r

åe
ni

;
so

lu
tl-

on
e 

F
e 

M
rì

ffi
-b

--
--

ffi
-*

:-
sv

st
em

 a
rie

 
gv

st
gm

 a
qe

 
gy

st
en

 a
lie

 
s:

\¡
st

e&
 å

A
e

Lo
$¡

 C
a 

D
o 

ce
rs

lre
r

to
4â

 P
.p

nm
. 

Ja
nu

a¡
'y

19
52

lll
gh

 C
a 

40
 d

&
ys

14
3 

n,
n.

m

0, :L
o0

Lo
w

 ta
 

Ju
l.y

'J
-9

S
2

H
ig

h 
C

a 
J.

5 
da

ys
14

ö 
p.

p"
rn

0.
1ã

e,
 

1.
?5

O
" 
O

9'
7 

0.
l-C

'.1
 1

.9
0

0"
08

5 
1.

65

ü R

o 1.
0

z.
ti 

0.
08

2 
1"

1A

o"
10

? 
a.

60

0.
0?

5 
0.

ot
8 

1.
60

5

C
on

te
ni

 f
n 

m
e,

/g
 d

¡y
 n

ra
te

rf
"a

l

0 ln
o

2n
5 

0.
0P

? 
1"

58

0.
02

0 
2,

o0

o.
oe

8 
0"

o2
5 

f.4
1

o 1.
0

rJ
 Ê

i

r.
7'

'l 
0.

39
6 

0"
 5

16
 0

"5
6ß

 1
".

5,
-q

4

0"
65

6 
e.

50
0

o.
0â

5 
10

6J
.

o,
03

0 
0.

02
4 

1.
36

0.
02

8 
1.

18
ot

r

1.
1"

o 
0,

41
6 

0.
50

6 
0.

6õ
0 

0"
80

4

0"
69

6 
1"

1?
8

0n
18

o.
14

 
0.

14

1"
59

 0
.A

95
 0

.1
ã5

 0
.4

?0
 

Q
.8

45
a.

!7
7 

1.
eP

0

0"
18

1.
õ8

 0
.1

10
 0

.1
.9

4 
0.

$6
0 

0,
65

5
0.

2?
8 

0.
95

0

o"
a5

V
.á

a)



F:-"oür TabLe Y Lt appears ttre t cat plant s whlch grew

Ln soluttons sith a bJ.gbêr calclr_r¡a ccnÈent absorbed less
iron in evai:y cs.se, but no such effeÒt of calciu:n cÕulC. be

noted r'¡fth rege.rd. to maaganos€ absû3.Þtlon.

În the r.ool syste:ns a d.ecreasêd. content of both
elenents (1:ron a:.ed lxar:gaine s ô ) tvãs f curid wåth planto grcwi.ng

in autrtent ned.ta e ontainl_ng moL:e caleir:¡nn The so ro sults do

not bea:r out the suggestion of Swanbâ ck ( 1r3 ) (cited in con-

nesÈf 6n wl" ðh Ëxpe:rå:eent I ) who boll-avotj, that calciu.rß caused

a dtnlnutlon of po:'es ån the celL well ånd" thu-õ 1ead.s to an

accu¡culatLon Ðf i?on in ths rootsu The noct analyse s have

be-en presented only 1n ord-er to d.etss¡xLns tf Swe.nbac!í r s r,€sLlJ.tg

wouLC ailply also to oats¡ SLnoe ti:"o::e 1s a possi.bå1ity of
p:reelpltatlÕn of sìr.bs tslsç s present Ln the nutrLent eo3-utlons

on the outer su¡:fece s of the íoots, yrhLch eoLtld lnti:ocluce

errors t¡ri th regard. to absorptLon, no f'ü¡ther sti:ess hes been

iaj"d. oa ::oct e"tialysis . For' the same r.6s.s on i; ire ::esuJ.ts ob-

talneå fr onr cult¡:t'e solution ânâLyses ar€ not ltsted. tn thfs
tliesLs r

E¡cBqli¡iinên t II - Se::ie_s å - :,ycope-tete c4

escirLqn_ll¡i ðrown f.l d.lfferent 1e:./e1s of
sa+ciï!r4"

ftr.e .seed.s y¡e¡:e sberil_1ãed- by a heat treatnetxÈ end

gerralnated rr.nder å.sceptlc cond.åtions { see pages l8-t9) .

ïn the Serloe B all_ three sots of elçle:iiments were

carrled out såïru1Èaneous3.y in tho laboratory.



. Thre e pLs.nts wsr¡e gl.owri fc¡: eaeh ind.ivldual treat-
rûont. Tha plants wore suppliorj. 

'LçL 
th chs3-*teC iron. lhe

iron sânganesa ratl.o wâs 5/Ao5 thr cu.gþou.t. 
.

Irrltlaliy the piì of the nutc'åent solu.Lj.ons was 4"5*
$o pI{ ¡readír¡gs were tâkân lâ.ter.

The soluijlons v;eîae c?:a::gerì_ efter the ffust th¡:ee

weeks. *,11 ple"nts showed. gccd :root aad sh.oct d,eveiopmeni"

¡lt the end of the e;.p6ritue:rtnl per"icd. the shcots ?¡êre &eÊ.s-

ìrr€d. å.nd l.t r¡âs fowtd. t}:at th.o plants reeeivång less calelu_rr;

s¡er6 applrot l:nateJ..v I lnoil€s ta1le rihil.e the pJ.anÈs recelvlng
mo::e cal"clurn shrwed. arì avsrage of ? inches. Corresljond.ingly

wlth growth.y the dt¡r vrelght of the plants was s mer¡hai h5.gher.

ån tlre lovs cal"cfui¡a treaNrrent ran fn the Ì:igh eale år:¡l troat-
nent. TsbLe VI gives the dry welght ft¡¡ the lnd-ivtdual
grscups and, indlcetes thet tile aveÍage pe:.eenta.ge ash pr.esent

in the green pcrflÕns was higher fu. tt¡e htg$.e r caLciwri

Èreat¡:.ento Talrl-e l¡Tf shows that in all th.r,ec sets Lt wss

found. that s].ighlly mc::e l-r on but far less mangane se lrås

absorb€d or transåocå.ted ¿n lrhlgh calsiusrl tkran Lrl [].olü

oalci.umrt. The ¡e su.l"ts contladlr:t ihose chtal-rea with o¿ts

suggosting thât no gene::al rJle for the absorption of Fertieu-
la:r eler¿ente by planÈs can be stateC-" Àppa:.entI;r difforent
p1ånt speoåes beh.å.ve d.åfferently in thLs as ln other 3.esp6cts.
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(e) sr:e SFFgcgË o¡' Y¡1R:TI'TC qüaL{rrrl=S oF

POT¡|SSIL,'U Itq TI-TE ]{CTRIE}ïT SOÍ,üTIONS

OT{ GROT'¡Tå Å}ÎD ABSORPTIO}I O¡' TRO]iI S,}ID

I.IAT{GA}ÍESE.

Pote.sslrrrr vJas useå 1n four Ciffe¡:ent eoneent:'ations

whLch v¡ere as follolrs I K - 26 pap.m.; K - 82 pip.lnc i
K - 26o pcp.n.; and K - 45o P.P.rt"

ãxper5.men t IlI - Sers.as Å - Avong s-atlvq

srown l"rr dlffereni: levels of pgtaÊeé]l:r!.

Duplicate vesael"s¡ each hol-clLng 6 pl-ants¡ were sot

up for lrhe lnd.ivíd-ual treatmenès.

Ivoì: wa-s supplied ln the concentr"atisn of 5 p.p.n.

ln th.e f cr-¡c of c?:elateC. år'on* Tho concer]Èr'ation of nåIrgan-

ssê wå.$ 2.5 p.p"mn throughou,t Serles 
"A.o

*qoup 1. The p].ants were grourrì 5¡ the greenhouse ' ÐurÍng

the flrst ten days dut:rLent s o1u.t1ons were chan6ed' t$'ice.

The changes wêre made desi¡'aþlo by pr:eelpitai;ion of salts

anei by the faet t?rat thls expe:rfment was eondu.cteÔ d"urÍng

thé sprlng when frosting on th€ greônlÌcu.se panes r"elted.

and. thus caused. contamLnatl.on of s orne sc)lirtions.

Many planbs wcre attacked. quite tre'av1l;r by fungi

and baeteria¡ Ïrowever¡ only haefth.y¡ nomally growing

specii&ens s¡ere rse]-ected. fcr analytLcal de te:rainaticns.

Groun â" The oxperircent was e*rrled out La the botany



dt't.)t

labcra.tory.

¡Iutrienlr soSutions were ehangecl after' 14 days"

3 p.p.xi. of me rcu:ry ln the fo¡ll of mel:cìr.ric cblorlåe were

ad.ded. to the fresh solutlons in ol:der to suppress fringal

and baeterial g::owth" this concentratlon of mereuty¡

howeverr s€êr¡ed to be toxl"e to oat plants because wlltlng

appearad afte:: th:¡ee dåys and. the plants d'id' not ?êcovêrc

Gr o-l&é. The expeirixênt ws-s set up ln the botan;r lebora-

tory. The nutrieni; eolutions r¡ere not chan6êC d'uring the

c oLrrse of thls experS:nent because of t!:e rolatlvely short

duråtLon of thê expôriîlenb.

Here again s cme plants suffer€d frcm fu:rgal and'

bacüerl-al attacl<¡ but only heatth-rr plants were seleoted"

for anal;rs t s.

Ånalytlcal data relåtl-ng to E:rporl-mont lTI Series A

are given in fsbles VII and IT, FÞon a study of the data

tt wl1l be noticed. that lncreåse in potasslum suppl;' diC

not appear to hâve any dêfln5.te effect on the clry weigþts

of t}re e]rperllrler¡tal plants. .ê,sh cont€nt¡ howeve::9 appeareð

to lncreâse with lncreased potassium srrpply'

A,cccl'dtrng to lab3.e TX potassS'um had a retard'ing

influence on ttre absorpticn of l::on and' mËrrgane se by oat

pla::rts " A 8r8.dua1 fal1 in iron ccntent !n shoots r¡¡as

obtainoô wlth r1s5"ng pctasslum concentration in the nu*rl"-

en* soLutlons ab ove 82 p.p.re' troup 5, "¡here the lntededlate
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t)U

poåâssJ.um le'¡e3-s ware lefË out: sinllarly reveald. a lowen

iron conLent 5.n pJ-ants gr oi,rn 5-n thê higher potessli-i-n con-

ceni;rå"ti on.

,A,bs crpt:".n of ma:rganesa d.efinlteLy was ::etar.Ced lry

potassiun when tlie latter was p:resont Ln nutrleirt solutLons Ln

eóncent¡."etions hiðh€r than 82 p.p.s!Ê

Expâris.€nt- III" Sôries B' lEsËglgg
s s culgnè:r¡s g?own ín d.ifferoat concentratl"ons

cf p ctlrs sium.

Th t11; 5 
^ì'iâÐi-Àh! 

Â^^1. ñ'õìa* ã -o""¡,+riment eacb group cr:ntained thr.ee plants,

Ch.elated. iron (5 p.ps:llÒ ) or iron b,;cBãte ( To p.p.¡,:.. ) w,slre

used ån thLs se::les. 2,5 F¡gcs. cr 5 p.p.ra" cf malganese

wers respecti'¡eLy â,1d.ed. j.n ord.er to keep the Fe,/ffn natíl
at +"

Gr cìrË f. Thre gxp€rimont was eårrled out in ã greÊ¡lhouse

ånd lron was sup¡;lied ln the cheLated. far*1" The nr¡irient
scluiions were chånged after the fårst three weeils" Very

bealthy pla.trts ¡ which as.o shoï¿n i:1 Pl*ate 4 , ïrÐre obtaÍneå"

Tt wllL be ¡bsa::.¡oC that bhe g:'c'wtle åncreased^ t¡ith increas-

ing potassfr.r¿ content 1n the nutrie::t sol-u-tåons" Plate 5

shoErs all" the plenÈs frcm th.e lowest potassl"ura ]-evel¡ and

Plate 6 the plants fr$rl the hlghesi: poiassLr:m fe¡¡elo

ft -¡"111 be seen that th.e s¡ialie*t pl*nt fren the hlghest

pctassii.rx cultlxre tras orìe fu:ch shortee than the tellest one

fr ûr4 the lowest potasslu:o level.



ô1

PLATS 4.

lycopets:Lron e s qu.lgI!-blrn gr o:tø: in nutrl"ent s ol":¡t l"cns

c ontalnf.ng difforent 1e'¡els of, potassåum.

*li'l:-'nbers lnCi ca-t e p o ta s s f..r:ir c cnc' entra ti on s ¡

1= 26 p.p¡rß"i,2 = e2 F.Þ.n'! 3 = 26O p.-¡r.31.3

4 * 45O p.pên' ¿
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PLATE 5

L,l¡coqr,sicon escuf,entum plants grovrn in
nutrient soluÉions containing 26 p.p.m. of potassium

P],ÀTE 6

Lycopersicon- esculentum plants grown in
nutrient solutions containíng 450 p.p.m. of potassiun



6õ

Gr ûug s t?_ !qrC. õ.

BÕih thÞ sc glloups of the expê"i$ent itese 
" 

on.{uttêd.

ei:nult,Lne ously ln tiro laboiratr.ry end chef9.t6C ircn lv¿:.s used."

In sp5"te of the faci that t?:e ¡:1ants suff,ereà s onrewhat f,t'om

fungal â.ltåtk ln the seed.llng stage¡ l-t was possible to oìr-

faj.n spocL:eens with hoalthy' no¡sal g:'owth" The róÐts of ti1ê

d-lseased seed.llrrgs ne::* di.pped '1n a s olutlon containing

10 p"p.m" of r¿ereur"Lc cblÕ"ide for I to 2 :ninutes l"n o¡der

to suppress fwr6a1 grcr."th. Ïloweve:r" when tho pJ.*.nts were

placed 1n tho nutriont med.la lnfeetion ::es.plleareå aftè" a

shor.t pe:'fod., Thereforer åì; the end^ of the fl"st vJêek,

freeh nuts'ient so1utlons w€re flrepas:ed. whlch contaÍned. 2

p.pomo of mei'cu:íy ia the fora r:f mercuric chl-oride. Tho

cu"lture vessels¡ ¿[e¡-ators an.1 etrdboard p1ât6s holclln6 the

plants vrere stori].lsed. with 1O p.p.m. ôf merci.Ë'ie cb.l-crlde '
lhe heavi.ly d.isêased ::oots were :rer:roved frcmr tha p3.ants ai:d.

tho ho al th;" ones d-ipped 1n 1O p.p'm. of nerci¡rlc chlorLle

befora belng t::annferrod to i;be fneshly p::apared nutrient

soluiicrrs. the plants 6era Ertrlìrl 1n these solutlons f,o¡'

bne q¡eekr and the only pcisor:d,ng affect appêarâd. to be a

sepprÞssion of thei.r g:: onrÈh. 1;ttÉn tL'ensferreC to sof-iìj-lions

fres cf nrâre 'arg the plants stari;ed- to grcw vi¿crous1y.

?.t the end of the â:'"perimenta} per5"r:d. tLre s&Íe relatåcnshlp

betin¡cen piani eize and. potassit¡:¡ concentratåon was oi¡sèrveð



64

åê a;rpear€C- ln i;he p:.e'ricus gx?ou:û of the e:l4.re::":ment o

Fcr anal;ises tho pler:ts ìì¡erç divj-deC- in¡ c¡ t-lro gr cu.¿11s,

ae *ordång ta ihol¡: locatl cn in the rcorn rvLth respee t .i;c

Il¿ht conditi:ns durl.ng the 6r'ontkr pericd" Group Ê r,eoel.¡ed

mc¡e llgi:.t and Lhe plant s l"n it shov¡ed. s oll1er¡haN better
gr owt?: than those in Group õ" Â1i. othe¡ factors we::e equal

for both. grorips c

GnoL1p lL1 ghis g1" oulj of tbe e xp er"laont was carrLed out 1n

the s¡nal-l- 1åbÕratory. rt diffears fr o¡1 the oiheï's i_:: so far"

a* the l{algrcþe yèLiq_ry_!:l-4gqope-rsi_qlq liras useiL¡ an¡i the

plants qr6re sepplled wåth hìr^nate Lron Ln Irhe c oncoât¡'atl¡n

ûf 10 p.f)"Ìi?" ¡iceordin¿t-y 5 p.p"rn. of n*.nganes e were giveno

lkre solu,il one wero changed once s. month onlyr k¡.r,t the plants
greer vsry slowly end" thus diä not a'c s orb nruci.lc

llate ? sho?¡e tî¡o plants fr qn each t¡.oat¡rent. T'he

photoðraph was t&ken at the ond. cf the e..rperåmentâ1 parLc*.

.À dec¿"oase j.n the si¿e of bhe plante in cori.elatr on wf tÌ:
the d.e{}3.ease of pct¿ssl,wn in tha nut:rl"ent meCla, cou].d. lre

obsgrved as 1r tho prelric'is J:àou¡Ðs.



F]-ato ?.

Lycopeqqicgn e sql¿Je4llqn gn oivn in nutrfent sol"utj.ons
containing d.iffer€nt level-s of potasslureo

*lÌu¡:bers inrl"åcate potassS-r::il c oncentraàLcns ¡

1 = 86 poprrna; 2 = 82 pêp3n,i 5 = 260 prprrâr i 4 = 4EO p.prrnc
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3ab1e J( sttows thåt d:ry weigþt and pereêntage of ash

generally lncr.e:ased, ln üonato pla¡ts when the a¡n ount of

potassirm 1n the nutrient med.ia wss ånereased.o gh€ Lncreaso

1n d":ey welglrt and pencentage of e,sh ¿l.l-d not Etrlctly f,oJ.low

tbe lncnoas5.ng eoncentratio¡rs of potasslum¡ but novontholess

a general tendency of potassS.un¡ in tbe levels employed., to

ald ln growüh anè ash prod.uotlon could. be obso¡rvod. through-

out.

Tabte Jffi roveal"s an antagonietic efJeet of potasslurn

ln eoncentr.atlons higbe¡: tban 260 p.p.mr upon absorptton of

lron. Potassire 1n eoncentratlons f¡e. 26 p.p.rn. to 260

popomc was not f ound to have a d.eflntte Lnflugnoe on absorp-

tton of lnon by tmato plantso

Tho absonptLon of manganôso wss ln B.o ca'se ae hlgh

at the potasslum 16vo1 of 45O p.p.m. es at tho lovels of

26 p.p.m. or 82 p.p.m. ¡vhf ch suggests the possiblllùy of a
potasslre manganos€ antagonlsm 1n highor potaeslum e ollcenr

tråtlons. 8¡(perlmentaL dB.Èa available r however' e3¡ê Ln-

sufflcLont to pennlt diefinlto conclusions to be drswn re-

gândt¡xg thls last polnt.
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D:SCri$SI0þT

Ân important fâct eslergeõ fr clrr tbe f or.egoin6 *ccount

of experiments earrl"êd. cr:t lyLth .åvg-ga qg !_rra and. Lycqperlleon

€scul. enluÍr gr c*rr ia nutr.ieni nredia containing d-ifferent

¿¡rounte of cã.lciw4" TliLs is thã.t speeles differ markedly

f;'om one another Ln their bel:avior¡.r '¡rhen gr o{rn und"e:. sj¡rflar
experl"nental c ondi-t1ons o

ûat plants d.irl not shcÍ¡ â malked responsê ån gr owth

but dl'-1 exhlbl li s. s1åght inc::êaså in dry rreight generåf 1:r,

-w.ren gro-,:rt:. i;: iz.Ll::e:seã ccncentrations of calcLu,n. fhe ã.sh

cor:ten.t dld" not sh.oï¡ a definite c¡rreie-b:on r¡rfth the calci'.¡ri

c.nt6nt of the nilts,lent sclutLons. I:'cn abscz'ptÍ,on, hcwever,

d.ac::e¿sed. s¡ith increeseci sal.rluÌt *cniÊntj on il¡e ûti1er hand.

nc defi::i te effect of calcir:-qi in the consentraticns ernployed.

c tu1d lre noticed. in connectlon with aanäane ee ahsorpticn lr]¡

cats. ït nrey be that h5,gher" coneen*ratl-ons cf e¿lel un '¿han

th,.,se used nr16ht have å. reiard.in3 effect on rÍânåâne s e âb-

s c,:"p'bJ- cn u TLris is sugg,o s ted- ì:y the fact that Luad.egarrlh

( 55 ) hel-c- the.t there ls s- deflnl-le relåtlon bs j:ween eal"cills

ccncer:tl.aiícn cf the soil- *nd, the mangane se :ì-n take by plants¡

re6ard.lesg af the total man¿ane se ccritent in tÌ:e soil.
Gilber"t (to ) stateC ihat å¡r l¡:od.e Isle.nd¡ r,rhere scils ¡¿erç

¿enerall ¡r pcor in ÌTrân ganê se, crcps have sho$¡n il:anganê êe

d.efåcien+y as a resr¡lt of exceesLve lilring,
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Tslratc, pisr:is reveal-oC an i¡:c:'e¡:se¡i i:"cr:: abscrpi:i cn

and as:1 pí'id.rlci]i-an ':rher, Jlven jncr.e¿gcCr calcir¡:. lic,!¡eì¡er,

thle t:1e-!:]¿!ã.t:s È e ab 
': 
orptJ-crr and. d-:'¡r r';g:i¡* d.ecreãsod, at the se¡r:e

ti*e" Ttre fSndings obtained rrl.ti: icmato plants agree 1n part

with Swanback r s ( Ir3 ) :'esrilts using tcbacco pJ-ants. Ee d-ld.

n.ct fincl- a-n.v retard.ång l-nfLu.ence cf cal-cl-u¡r l.n i:tte tg¡c con-

eentr.aticne eri;oloyed he¡e: nal:ol-T t 42 p.p"m. and 145 g.p"m*

c'n tÏ:e ¿bsûrptLon of lron, l¡ut ha obt¿1ne¿ a c cnsfderable

d.¡'rc:.çase ln tire abs crpticn og nengane se .
lrl.rl3ên ?rê eome tc ccnsid"er: the effects of r¡arious.

l-eveis of pobassiw.': -ìn the culturre mêd.ía, we finä that expeÍ:-

mental results rsv€åI a nore eccrparable hehavlorr.r between

oâts ând. t o,r:atne s tha.n ha.q b'een sh.cr.,ry] to bo the case wl" iil:

'rarylng caLeir':¡i"

Oai;e d.Í d- noi; shcvr clíffererrces ån gr ov,rth and d,ry

ïreiêh.t prcd.uction in ::el-at L crL to differences in pûtâssj.uxr

supply. Ân increase in ash eonteni; cculi.¡ hcvrêver:, be no-

ti.ceci i'i,he¡-¿ the plants v;ere given rtrore potasslu'Í:r ¡llso iron

aï.d råâ.ngårìe se absor.pt5.Õn se€l!:eå to be l-nc¡eåsed T'rhen the

potas s-Ì-r:n srlÞply was incree.seð fr or* 26 p.p.n. tc E2 5:.p.n.
0n the oth"er handå the abe orptj ¡m cf tkrese two elements l,iras'

:'otarded when the potassium e onc en i:r.at j" cn in the nr:rt:¡Lent

íned"åâ ','ÍaÊ incre¿rsed tû 260 p'p.nÞ and 45O F.Ë.m.

Tcrûato çJ-ants clèarl1' shols¿d a paralIel in,:r.eace in
growth. ias cer: be seen an llates 4 enð- 7J ånd- a genøral
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inc¡.ee.se in d,:1: weièbt and- ash proc1r':-ction vrith r5. sång

çr:teissiu:ri ccntent in il:e nu.trienf soiutl-ðns. Thl"s wås

e*3:ecf,aily :lsrL,eJ- tlhen plants grovrn in ti:e lcwest end. ki the

h1¿irast ¿ óncentl:ã.tl ons of potassicira !re36 ccúlpåred.c

?otss::lum y¡å.s .fourrd- tû r'eterd. tho a.ìrscrpticn of

ig.o:r when sr:pplleo 1n a ccnceniratlcn cf 45O p.F.nr.

lhe a-nsarptlon of mângan€ se by tomato plants seçmeá

to shcw sor:e indl"catlcn cf being i'ê terd-ed by l-ncl"easeC,

potassirw supptry. Thlst c oulit be suggestec'i b¡r ¡5s d.ata fur-
nished. by ExperS.nant III, Series B (see Table Xf). The

nârked. var"i.qi i or: i.n the ri1engalle se abs orptl-c'n occru:r'ång at

the :nterråeâlate leveLs cf potasslur,; supplyr hol-ver¡err li:ade

it lmpossihie to arri.,,,e a-i a <le f inite conclusLon ltlth regar"d

tc this poÍxË.

Swanback ( +3 ) obsot'r¡eä a-n l-ncrease in reanganese

ccntient in stercs an.'ì- leaves of tobacco plant* gz'or.rn at pct-

assiu¡¿ levels of 26 p"p.m.; 82 p.p.n' and. 26C p.p.M. ?hfs

â5;'ess ¡'ri th. the resii-].ts ûbt¿.ined. i:y the '',sx'1.1:ê r in Gr cu.p I
of BxporLnient III" iIe, hoï,rever, c oi-lld not f lnd. âny tl1ånge

in ircrï1 coni:errt in rela*icrr to potasslr;:n supply. It ;s113

be niited.r hower.e:'¡ thai; he d-icL not use potasslt:¡r concentr'a-

tic'n$ es hlgh as 45O p.p.n.

In ccnclusåcn i'L l}:ay bc. stated. that the experÍnleåtêr:-

d¿tâ h.e¡:e dese?J.beci lnclieate ihab ïIi-e ctlana { see Swanbaek

4 3 ) a*ô lyc qpe rs:Lq cr! 
-e 
scì-r1eg-tuïÍ,;u b o th rnembe's



úf t!:e sarae far:ållr: behave sil;11a'::1y tií l,h respect tÕ the

e]r s c:"pt icn ôf i-rcn P.nd rtari.eãno eê in diffêrent 1*vels of

sal-c iu.n1 anrl potassiur(¡ whíl-e .{vqq+ -qê!!-Yg¡ a wiri'ely

sapårated speclee¡ shct¡s a 'ßLarlteð. âiffer=onee of behavtou¡

in thls respaetc
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SUIIIMARY.

gxpe rl¡'Ìon t s were osrrLed out to d.e te¡rr¡1no the lnflu-
enoe of calcirm and potassir¡m on the abso:rptlon of fron and

mangane se by tomato and oat plants" SlmultaJ¡eously smae

obeo¡rvatLons on rnsngåne so defl.cl.oncy ån oate (grey-spock)

d.isoase were mad.o.

Analyse s of the sboot systems of thê oxporLmenta}

pla¡rts wero uged for. the evaluatlon of the results.
1, The resuLts obtaLned. frøi thô two dlffe¡rent plant

spool.ês a¡re vorT dlfferent wltb :regard to the oalclr¡m t¡neat-

uonts¡ but show s oþo elmlJ.erlùy wlth regard to potassLran

tneatments. fhus it appears thaè rosults obtafned. ïrith 0¡.6

speeles of plant do not necessa:riJ"y hold fon othor speof-es.

2. Oats shw a s1l.gþt dry ¡relght lno¡oase rÍhon

gr own 5n nutnient soJ.utlms wlth 1no?6esed. oalotu¡r eontent¡

lhe reverse ls true for tmrato plants.

õo No d.eflntte lnfluenoe on asb. contont of oet

plents f.s obsenvod. ln rolatlon to varylng oaLc ¡m supply.

Tæ¡ato pJ.ante ¡ on ttre othor hand r p¡roduo e more ash at tho

hlgher cal"cir¡n level"
4. talsLurß seems to dop:cess absorptlon of lrsr lrr

tho case of oaùs, but not Ln the case of tonratoes.

5" The absorption of mang{rne se by oat plants ls
uot Lnfluenoed by lncrease ln caloir:m content of the nutrlenÈ

solutfonsr but it te d.eflnltely d.epro ssed. with tmato pJ.anüo.
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6. Dr5r rrelght produotlon of oat plants is not

lnflueneod by tho dXffe¡rent cone€r¡trations of potasslr¡n

uÊoò btrt Lt ls lncroased ln tho oase of tomatoes gnown

at the hlgþer Potassile 1eve1s.

'l . It 1s shoÌrr¡ that potasslum 1n tho coneentrations

ìr!¡êd. lnc]?eases tt¡o gnowth of tomato plalts bì¡t d'oos not bâv6

a slsllar effoot oR oåts¡

8. The potoenta8€ of ash lnc¡roaees for both speales

wLth Lncneasod poüass m supply.

9. Iron abscrption by oat p3.ants lJlereâse s wÍth

lnsreaslng potassium concontratLons in the culture solutlons

up to 82 prpomo but fa].Ls lrhen th€ conoentratiøre of potesslunt

a¡ro ct*Il'fusther lnereaeed. T[ith tqnatoos a 'r'ota::cllng

€ffêot on 1¡"cn abEorption 1s obEorv€d' with an Lncroase ln

potassf.um supply f"e 260 peprmo to 45O popemc

10. Mangeneso absorptlon þr oat plants at d'lfferent

lgvelsofpotassirmparallolstheabsonptlonoflrronÌ¡ndêr
tLre ss¡ne oond.ltlonso Tonatoos reveal d'oflnite3-y a lortêr

mangåne sê absorpt1on in a potassium aoncentration of 45O

prprmo than in a potassltm ooncontratlon of 26O p'p'ill'

TheresultsatthelnSemiad'latepotassir:mlevelsfluotuate'
11. Grey-speck does not seem to be a bacterLal

d.lseager buÈ rather a ph¡rslologioal mangane ee d'eficlency'
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Á.PPEI\TD]X.

Observations on Manganese Defic iency

(Grey-Speck) Symptoros of Tama Oats.

The first nutritional experiments with êIgE sativC

in solutions containing different concentrations of calcium

were ârranged to facilitate simultaneous studies on grey-

speck disease.

The disease was .al.readv known an<i described in

the beginning of the present century but the name grey-

speck only came into use about the year 1920. lt probably

originated in Sweden, where th,e rerm tr Gråf1äck jucke r was

appfiea.
. Generally it is accepted that the first signs of

the disease appear in the young oat plants as grey spots

on the third or fourth leaves. Very characterist ica11y

a line of withering appears transversefy across the l-ov¡er '

half of the leaf blade, ciausing the distal portion of the

leaf to hang down.

Gerretsen ( I ) stated that the necrotic spots

which appeared on the leaves of manganese deficient plants

were of dual origin. Typical brown or yellow spots

appeared on the leaf bfadesr caused by ascending toxic

metabolie substances produced by bacteria attacking the

root tips of plants which were deficient in rnanganese '
In the advanced stage of the disease necrotic spois of
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different origin appeared. A serious nec¡osis developed,

then, when the manganese content of the plant l^ias lovr,

and a necrosis of rows of cel-ls situated betr¡een the green

vascular bundles extended ,finally toward the top and the
base of lhe lea.f blade. This second kind of necrosís

G€rretsen claimed to be a direct result of reduced photo-

sythesis which renders the cel1s unable to nake up for
assimilates lost by precípitation and so l_eads to their
death.

ïn Experiment ï, no manganese deficÍency symptoms

were noticed on any of the plants grolÌn. The reason for
this became eviclent during t'he course of the ensuiþ expe-

rimental- work, where it was observed that very poorly grorring

plants did not develop manganese deficiency synptoms.

Healthier and stronger plants were obtained in
Experiment II, Series A, Group 1, described on page 47

Here it was observed- thât the plants, which v¡ere standing

furthest from the r,ùindow and which thus received the least
amounts of light, developed aanganese deficiency syniptoms

later 'i,han those T/ühich were in a better ill-uminated l-ocation

near to the windov¡. In this experirnent an at-uempt 'was made

to duplicate Geruetsents (7 ) investígation. He inoculated
the nutrient ¡nedia of oat plants with root tips froro grey-

speck diseased oat pl-ants, anci concluded from his findings

that typical grey-speck spots were cause by alcaline products
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. Plate 8.

Rootå from manganese deficient plants (¡'e/¡'tn - 5/oj

and healthy plants (ne,/vin - 5/2ð)
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produced by molds ancì bacteria in the root, Ìlips and trans.-

ported by the sap stream to the l-ea-ves.

All plants, growing in the inoculated cì.llture

vessels, showed a slight rottiúg of the roots in contrast

with the noninocula,ted plants. However, inspite of the

presence of bacteria v¡hich were introduced into the culture

soJ-utions from the grey-speck diseased root tips used for
inocula,tion, the deficiency disease symptoms developed on

all plants not receiving nangânese including those which

were not Ínoculeted.

These findings were contrary to Gerretsenrs i 7l,)
in which the noninoculated l-ots failed to develop grey-

speck lesions. fn addition, in the inoculated plants, not

receivi-ng manganese, and shovling some root rotr the deve-

lopnent of grey-speck was less seveare than in the non

inoculated olants, having healthier roots. The small amollnt

of nangånese introd.uceO irf tfie solutions by the inoculum was

probably the cause for the lesser sevearity of the disease

development.

. In Experiment II , Series Â, Group 2, grey-speck

leasi-ons appeared agaín only on plants not receiving manga-

nese. The roots of plants showing seveøre si.gns of grey-

speck d.isease htere qu"i-te normê,I1y developed and healthy.

Plate B il-lustrates the compa,rison of roots from dÍseased

planrs (pe/un/-r/O) and healthy plants {l'e7lrn - ,/2.1 . the
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rel-a.(,ive root to shoot development according to dry weight

råtios (dry weight of shoot to dry weight of rooi) was

somevrhat lower in diseased than.in heallhy plants, being

lp in ttlow calciumr - 46 in rthigh calcium?r with diseased

plants not receiving manganese; 82 in ttlow calcium - 50

in tthigh calcium?r v¡ith healthy plants receiving 1p.p.m.

of manganese, and 75 in ï lorir calciurur? - 58 in high cal-

ciunr! hrith healthy plants receiving 2.5 p.p.n. of rnanganese.

It may be noticed that cerretsen (1935) claimed

that roots remain small- as a result of manganese shortage,

because it causes slower cefl division in the root tips
with the result that the roots finally succumb to the

attack of microorganisms.

He stated further that grey-speck diseased oat

plants in the fie1d, in sand, or in water cultures inva-

riably showed signs of microbial disintegration.

In the presenil experiment the roots and root tips

of manganese deficient plants rdere perfectly healthy in

spite of retarded growth. The plants were grown in a

greenhouse where the accumulation of parasitíc organisms

on the plants might be quite high. No sterj-lisatíon treat-

ments were given to the seeds or rooõs at any time of the

experiment. Nevertheless there üias no evidence of mícro-

bial disintegrat ion.
' Another experiment was carried out trith oat plants
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in tl^ro different pH ranges, because Gerretsen ( I ) observed

that grey-speck disease in the fie-l-d was most frequent at

the pH 1eve1s 6.5 to 7.8. He stated that the precipitation
of insofuable manganaous oxide in the soil is caused by

specific microorganisms in the same pH limits.
The pH leveLs chosen for the experiment were d and

7:5. Duplicate culture vessels each containíng l¡ plants were

set up adjusted to'the above pH levels. 5 p.p.m. of iron
humate but no manganese wêre added to the nutrient solutions
(see Table 2). Satisfactory plant growt h resulted-. The pH

of the solutions changed during the first two weeks frorn 4
to 4.5 and fron 7,5 lo 6.6 at which point the pH remained

stationary until the end of the experiment. The pH r,.Ias not

adjusted after it changed because the neÍ¡ acidity levels

stil1 served the purpbse. the grey-speck symptoms developed

on all the plants in the sol-utions of pH -6,6 a-fter three

weekê, while in the more acid medium the first sylrrptoms

appeared atter À r¡Ieeks on 4 out of I of the specimens.

It mgy therefore be suggested that the pH range

might have an influence on the development of the tnanganese

deficiency symptoms. This seems to be parti-cularly the

case in soils, as has been shown by some investigators.
(tz,sù It is doubtful]. however that the pH in ilself is a

deternining factor in the production of manganese deficiency

symptoms. Tt seerns probable that it is the combined effect
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of manganese deficiency or úanganese inactivation in some

way related to the pH level.
The resul-ts of the experiments cited here suggest

that it is unlikely that the grey-speck lesions are directly

dependent for theÍr development on root infection by bacteria

and fungi. lt seems rather to be a physiological condition

resulting frorn manganese deficiency and other related factors.

r,: Bulman ( ã ) vrrho studied the grey-speck disease at

this university, inoculated Taroa oat plants in the same wå"y

as has been described here, l''rith grey-speck diseased root

tips and determined the disease only in plants starved for

fir.anganese regardless of ínoculation. She eoncl-uded from her

data l?that grey speck disease of oats is purely a nutritional

disease, caused directly by manganese deficiencyrl.




