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investigations are descnbea wuicn were cameu out to 
analyse tne way in wi-ien certain iaineial element aeX'icienci 
restrict the growth anu development 01 plants. ^^ plant
systeu ubea in this worn was excibtu pea roots ^lov-a m 
bteiiie culture meaict, ana tne deficiencies stuuiea were 
tncee o± iron, magnesium and moiyQdenum.

uj.cv,tii was ifieasoreu &.t the cell levfe-i anu ifej.cs.wta to 
otiier cnaracterlsticB oi t^e fc^eteaij t%o aiiioient e 
tai aesi^rie being effiplo^ed to ao^cs^ tfte effects oi dexicitn- 
cies. In tne first, roow^ ^.CAC t>xu*.^ j.it *uu.x ^u. orient and 
in uelicient M^eaia ana ^rowtu was laeusui-eU on sample©

n 
penoaa oi 0, ^, p, 7» b ana 11

aeoo .a, roots were ^iowr. i'or 7 attje in lull nutrient ana in 
deficient meaia aziu serial one o entire tie sections tfc^en Irom 
tnese roots were coiuparea* Tne first approacu as^ebsea tne 
effects oi Uie aeiiciei*c^ on overall grov>tn 9 anu tne second 

an inaicts.tj.on oi tne elieom oi" tue aeficieno^ ox* tne
al aiii'&reniiation oi pea roct&« 

Botn experiiaental approacaes were employ eo ^nen examiiiln 
iron ana jLac^nesiuiu aei'icient loots, i>ut only tae secona wnen 
exaikiniu^, i&ol>baenui& atiiicient roots. Koots aeficient in 
iron ana uiagneeium were obtained by oulturin^ tips cut from 

u seeas in aefxoient lueaxa, out two successive tip 
were necessary to obtain roots aei'icient in i&ol 

(jj-owtn was aeaesaeu badicaliy in terma o t1 iengtii, ceil 
CCO..L vuxuuit;, pxoofcj.** nitrogen t anu xutt 01 oxygen up«» 
however *vitii iron oei'icient roots rue^ a ur events of 

activity, seneitj-vity oi tne oxygen upta&e to

of division were also &i&ae. 1'ne tecnniquee involvea in 
01' aeficient arid iu.il nutrient roote, ana tne OA*

axe



It aae been ancwn tnat iron 
ti.c gxowtn and development oi excieeu pea roots* Growwii in

ui .Lt.u&tu fcuiu cfcj.j. junker per root is stopped aftei 7 

and xio i'uxtner increases occur between u*^£ 7 «*"d il« 

Aituou.,ii iron deficiency stops Cfcll uivision, jieaaureuenia

7 iiiui^wut; u. c u this aei'icienc^ aots jiot restrict 

c proce&a oi ceil a^ion. !XA lact 7 uay oia 

aeficient roots carry iar^er ceils in tae teriuiaal 

Uicu-j. j..<j.j. ^uwri^it I'oote* ir^ -t* aa^'d tue iron 

roots aave a proxiouaoeu sweiJ.ija^ at tu« teriaHAto. ^iiU, aua it 

is au&gedtea tuat t^iie ie biOu^Jrit about bj- an 

eion oi tats eeiis in t-e lateral airection.
L>OiBfc ceile coiiv-aiijiji^ aiitotic ii^uifc^ ai 

tips oi 7 aiicL ii d% olu iron uei'ioient roots* iio\htve 

axe fewer cells in tae division stages of prophase arm meta- 

a px*«(0Tilc&lij no ccilt in tae w uu^cs ox uuxuj^uutf; :~..d

in tne d«x'iclent roots «nen cOiiipai"iBOii8 were iuaue 

witn full nutrient roots.
J(.« protein'nitrOt>^-a contc.ui o^ AA^I defici^^t. roots is 

lower tiiari tuat of iuil nutritnt iooii§» at aay 7t bu.t t*ieie is 

a consiaerabifc iucreaee in botii aeiicieat and lull

ecix uia^ s; / t^tiu. j.l« xllfe tl'6-*tt GJ. v^',- v..c*X'iVt« ^

^ 9 average pxotein nitro^eu. co^te^ per cuix, ia tue fc 

iu botn groups of roota up to aa^ 7» kut i'ro^ cia^ 7 to ua^ li

j. u xx»«j* Ctifcfcs> fciiicij. jwJu.,/ -i-^-i. v*v, v*<;liClvj^u *^._/«~- L>U.t UOBfc> llOt

cxitui^to in tne lull nutrient roots, 'i'aie it&uit iiiUicates 

tiiat cell aivision was w^ eto'pped in tne aciioieiit xoote 

«i iBuuj. v«a^c ^x protein - t ^Uw 0en as 3ucn«

At tne da^' 7 stc^e tne dietrit-ution ot pioiejUA aitro 

alori tne ieix^ti 01' deficient roota ia aiirerent to tiitxt in 

.u-uixci-i'i AWW^^.» j^.o i'ront SiectioiiK, ^... -uie deficient 

e:oiitain ua incr^ct&^a content guiu t^i& i>ac^ s^ctiena a

coiitent vvxien ooiuparea witn lull nutrient ioota% 

On ti pfcz OCXJL u^oxu u *c ci tuat ion ia the aaific t



in in© front sections of deficient roots nave a ni^ner averse 

content ana tnose in tne D&CA. sections fa. iowex cu-ucent 

co&ptaeu witn the ceiiis 01 i*uii nutrient roots. 
Tne accumulation of protein nitrogen in tne iront sections 

ui xx un uei'icient roots i@ most probably associatea witn tne 

01 active edl uxvi^ion i& tiie uueriB%e&« JdViaence

^nion ^u^^^sts tnat unaer iioi'^&l con^ition^ tne 
formation ana aevelopmfcirt oi oeixs in tne apex o£ tne root is

on &uu^ii-ate@ &^iitue@i3^u ixi t.-t mavui^e regions oi 
loot ana traneioo&tea for^ara* It is oonbiaerea tii*&t in 

iron deficient rooui> pr«cur&or& w* protein are no io&^er re- 
ikovea &y tne aeiiianaa oi tne uerioteia ana tii&y coiiaeitse to iorm 
proteiu in tne rfe^ions facg&cent to tne apex«

Invertb&e activity per "unit protein nitrogen i& tne same 
in to'Ui jtuii nutrient &na iron ueiicient roots at &li sia^ee* 
laa'tner, tneie ie nc aiii'ereace in invertase activity vvnen tne 
con eoponaiu^ sections oi lull nutrient aria deficient roots are 
coibp&iv ed «.t a»y 7» it is clear tnut in tniy one x^o^eci tue 
protein ox lion aelicieut roots ifc sLuilai to i»ntit oi iu.il 
nutrient root®.

luts rate ux ox^^.un upuu^c p&i X'OUL 01 JLXU^ uencic-m,, xuots 
ie lov»er tnar* tnat 01 lull nutrient root& ot tne ^ariy aay > 
8ta^e f out tneie £.;re lar^e incretBCF in tue rates in toth 
deficient e^u x>u.i xiatrient roots w<cbw&cn uu 
it 01 tso^e ai^niiicance mat iron aeiiciexicy

rate ut oxygen uptake at a sta&e oeiore tae process oi' cell

rate oi oxyot.il uptake oi oeliciejat roote Is iom^r tiiaei tnat oi 

i'uxi nutri&nt x'OOte aitei dfc»y ^. it IB &u0&e8tcu tnat tne

tJlicv tiy t> u ufcij a ^ c*iiu ^ ci.lt  -- U.il'ec it cl^cCt Oj. X^UAI UfcJ.lCJiC

but ti*e eii^cts at uayb ^ u/ia il ta^e iia'lue-nota ^y tne luct 

tnat ceil ai vi felon stop^ fet aa^ 7. tne results irom 7

Ul j.



rate ox oxy&en uptake m=r ur*it pxoteir* nitrogen is confined to 

xx out taree &t;cxio~*> u~ UACJ iuuu ,-w j.*on deficiency do^s not

tne r&tes in tae bac/: taree sections* 
Iron recovery &*ntiriments aaow xnax iron deficient roots

7> *2 a.uU XX at*^fcJ OXU Ufca.i XtetoUuitc ucxx wj.vj.Si.On SUiG, ^rOW Wl'tOIl

tney aie tX'anax'erreu to a lull autiient iuftaiuia* it xs ol' 

interest that in trisse ejtperimcnto tue recovery in t&ras of 

xiiu^cu^eu Afctuc ux u-^^t;ii u^ct»j4.«5 is greater tnan tae recovery 

in terms ox ien^tn anci protein nitrogen.

jbxperxtteats in Aiiiea tue rate oi oxygen uptake ol 

JL-./U.X j.*atrifejLiu j.^uoi- K^JLV meaeurea in tne prestsiice

01 cyanide ^no** taat ia botn ^roaps oi roots taere 

fraction oi tae respiration insensitive to ey&niae. 

Ai .v, activi^5' oi tnis cyaniae insensitive syateio inni'e«.ses eon- 

siaera&iy fx-oiu aay > to d&y ii in tota tae £uli awwxci*^ &iau, 

iron uefioieat roots, increases t &fter day $ in tne activity 

oi tale cyanide insensitive systeiii f waicn would, not contain 

iron, accoui*t x'or tae xar^e increase ixi we wuwitx -ale oi 

en uptake 01 iroxi aei'iciant xoots between aay& > ana 11.

1'jrip activity ol tae cviLnicle sensitive eastern involvea in 

iiation u^cx^fctses X*A iyuuiu, Oj.uupj- oo. xouow between ««a.^a 0 

:>. it iiicreaees iroii* uay t> to 11 in iuli nutrient roots, 

not increase in deficient rooxs over tnis ^erioa*

w^ii wi*fct/Xii U- '^^'tii.xuc iidiivix tx v <; b^ o uc'iu. Xa.ivwa.vv.vt IXi

ioa stops at or about tne aaiue s^fcle)e a& c^xi ox vision 

in iron aelicient ioot8 ie- coasiaerea to &e ai^aJLy iffiportiiiit,

xiixa (jji4A*iut.; sensxtxvi. . ,. uvtii,. uiuo^ jviu^sasjly corresponas 

to tae iron containing cytocaroinc/cytocaroi-e cxiuase 

t/iere is oviex cnv c'uiiJ8Xai'^iai eviuexice taut taib

XiupUJi U*-ii t xii t*A« .fi. uvccij w- v c-jtx uxvx^xOIX* a o xo

note u*at tne activity oi bae c^aiiiae senaxtxve ^yetem was 

tne Base in tae tipe oi cieiicit?nt anu I'uli nutrient roots at

ceil ib necess&x'y to ikaintain ai vision; a



reuu.cT.ioiA suoppxn^ ctsii division completely, out not
oi aattsciion uy Uifc j^etuoa 01 me&bureiafcnt. ..owever,
tnere is & correlation uetween tue activity ot a 

cyanide sensitive systca. involved in i eepii a'txoii and tut* rate 
oi ceil division, tuxs correlation ma^ not oe causal f fctfiu

iron may oe important -»..* otix«r reactions ussexitiai i'or 
division a*iU ^rowvu*

isrliiA^nts invoiviu^ ma&neaiua aeiiciei'ic^ iiiive 
txi«»t tuis deficiency restricts growth in terms of 

totfter 7 tia^s* i^ere is iio abrupt ceaau 
in it.-'.^^ii coiAtmuea TJC occur iu tiie cieiicient 

7 da^'S altiiou^ii tue dii'jterfcuec L-etween ti.ie controJ. ai.a

reduces tue rate 01 ceil alvi&ion out it uot;® 
division over tne experimental period 01 ±1 a&y&. &6V&n day 

ua deficient root fcj.*/" contain «a^ioxi; 
o± ceils as iull nutrient tips ana even at il u&ys 

deficient roots uave an app&j;^.>ti.v normal epical  ; 
i'nere were *-   differences oetv.'fot,^ w--^ ^tctt.^c 
ceili; in ti*e corxeepcndin^, sections QJ. ^a^iitsaiuiL aeiicient 
ana xuii nutrient roots ^t aay 7 ^iu it ib cieai tu&t 
deficiency does not affect "Uic process of cell

Tut' protein nitro&en c.jutenv oi ttcliciaiit roote was lower 
tnan tx^at 01 1011 nutxxeiit luota at d&y& 7p ^ ^^u 11, tut on 
e*cu occfesion tMe reduction in protein nitrogen was equal to 
tn& r&uaction i^ o&il i^uu-Lti, to tuat tne uv^a^e piotein

content per ceil v»>.is me eu^e in tne botu ^x^oups of 
'i'ne ^atufe situation wat. icuna tit 7 dayr in succea^ive 

. tuitt-i; uiO2i0 tiie len^tu oi' ueficieut and i'oli nutxient \ 
roots, alia unis deficiency oleaxiy does not &xi'&ct tne averse 
protein nitrogen cositeiit per cell, ^a^neBium deficiency 
produce^ aiA or^aJL^istiu blo\i«iA^ down oi ^,1'ovvta ioid it is possible 
tnfct nere t]*e rate of ctil aivision iuay &e contioii^d b^ tne   
rate ox protein syntnesis* i



rate ol oxygen uptake per root in deliciunt ana rail 
nutrient loots suo&s tne same ^^uerai trend &s tn&t lor ceil 
AAwuuowie «*uv* ^rotein nitio^uu, nowever u^ ** per unit protein 
nitio^en basis tne rate oi oxy&ta uptake is» 
lower in tne aencifcnt roots i'ro.i* tL.e vtuiy day > 
i'nere A ^ only   oii^nt increase ±i± u^c rate oi' oxygen uptake 
p<er ui*it prottoiii nitxogen i'roft cay > to oay il in deficient 
root£>, iAxuiCfcttin^ tnat tue protein ox lusi^e^i'Uiu deficient

leaf exiectivciy catalyeee the cnan&ee a^sociatea with
tiiat 01 i'uli nutrient roots. line 7 

tnst inis e^i'ect applies uniloratly
entire ien^tii v* tne roota ae tiie rate oi' o&y& ea uptake 

protein nitrogen is lower in ail sections oi* tne 
loots wnen coripai'ea witn tue rates in tne corieapona- 

sections ox f;*ii nutrient roots* Tne aveia^^ rate of
upttutt, per ceix is reuuceu at practically UJ.JL ^'iu^cbt 

and aiiio aion^ tne entire iengtn oi" tnt? aex'icltnt roots*
at is jsj^own tnat a&^nefii'air. iu ar. activ^toi- oi* nai:v enzyme 

w^t. tteik» iAiVOiVeU i.a Uiits ffiCtai;uu.xciJi ui cui ouu^ u^ uu^t, . u It IS

also an activator oi en£y&es concernea witn tnc tr&aaxer oi' 
energy 11* tne cel±» it ie prot>febie ti;at a deiicifeiiCy ol 
iu.ju^neaiu...- x^stricts. one W a t* -uuuifc/ci u- tuesci reaotioii^ and tnis 
is tne fefesis oi tae al'ft-.ct on rate 01 oxygen upta^^ &nu ^zovftn* 
Tiie essential feature ol' JBa&nfe&ium aeiic^i^ucy is tnat it 

ax* wj.^tu-j.ctea cxuwinfc down oi' ^rowtn* 
experiittfcntB in *uicn tne effects 01 liiolyiiacnuui 

deiiciency *ere etuaied tre only preliminary, but t^ey ao snow 
that j.u j.o t uS3iDie to obtain loots aeiicitnt 
ii at least two ouctcesbive tip past. are

t irootb ai'e bixortex, nave a lower ctll 
iu^w; content, **nu *ate oi

lull nutzit^nt roots 01 t^e stuue 4i£j fc« ine r^auction in 
ceil nuuiOer is equal to the reduction in protein liitic^en ana
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tfiis invest i::£stion .uf,o

auu dev^lop^jcit ox ^lautw. *iiie ttor*. uab t^eii oasea on tv.o
expei x^nentai approncttbs* In t;ie iiist, pic.;iits ^r

ox ^iOVvXit v.eit luaatj GJU cacii eaaple* in
^e uistz-itutioii oi' r^o^tii v.'i'iiiiii &a^/ies ox

J.UJ.JL ^*^OAJ.Ci^O t-XuUi. UiJ VvvJ-O s^.-C.X^, iw Cva. i_ U C-ui CU.iXv iJ ViU^Ci W J.

01 tiit1 ufcixeiciiC^*
tx^v tat t-il'tcxa ox ..-.irierai aexicieiicifcb are a

V*< ^,-J.c,-v. n uO tuJ CMU. jp. J. V Vt c. b v- O^..i JcjXC v. Oc^^C' UJ. WC' V WJ.U j^'iiivW* V f v,..-i-.V*

vatioiio ax'& a^ae o^ tut: wiiol^ ^icxr*t« xu 
tax ttti&i^n tiie ^ia»>t& axe u&u&ily tifciui/lta wxien

w* a&JtlCi^j-tCx^ • J. 'I Xo tiO**»jju^v,A v-x* i»* ic.it*

ie opeit. to t-.tVwiuX o^jtcixoi^. 
t oi' a pifajiit iiivoiv&B uot onx^ a 
ctiuXw ^^.t axao probai.*^ ^. v, .«**0j.** to metabolic 

KV axxi'ea.ei*t si.. iii ^rowti* tue iuetauoxio re- 
ox *i*a e^0t«^u are xiK.feX^ to

effect c- ». ffiiner-nl aefici^ncy is ti»brelore ixKfclj' to 
ox afeVcJLOi^ufcuit. t>ecoiiuiy at aii^ ojut tota^e 
patt^xii xb c^rtaiiu.^ not u£o.XGx& ti^rou^iiout ti*e 

a& tii«s iafctatoxic requireiiifeiits oi ditf ei exit tisbut'B iuost probably 
» Xiiua tae ei'iect oi a ufcixcx^jue^ u*a^- uxix^x fecooiaiii^ to 
txBBue in va.xci* it is e&taux.ieiiea* 

avoia tae ixrst otjectic.., «-.,. ueteiiuiBations on ^^
ox tat b^stwii. at ax* tiaxi^ sta0e oi tjufc a^Vfejio^eiit oi

avoia ti^e bfccoua,
aaisea ti*at w^-ervatioiuj du* ***0 «* kw early 

ox tiie uev^xOi-iu^nt ox a^ixoicnc e£i'ect& uie i 
ti*fe eiitoctfcj ox 

*d to



pnaee oi" a juetuboixe system is liiieiy to nave eeconuary
on otner$y anu a disturbance in one part oi" a uil'ierentiatea
structure is lint.^ ^^ .^^w^nee v,,v. activiv0 >;x otnt.- 
*nicn aie not ;Uaaeaiateiy alicseteu.

In this investigation tne experimental material nas been 
exeisea pe*< rootb cai M ^* ^ in sterile media. ' : ' •'.«"•• use oi'

uuij in a aei'icitinc^ stuu^1 JLS open to w*t> objection 
represent a considerably ©impltfi- syete^ tuan tne 

intact piartt* AJ.BO since tney do not sustain some oi" tno 
fct,ctAViti<sfc> cnuz-act eristic oi tne snooty tuey iio not on ^i*ut 
account have tne same metaooiic repair etaents* On tne

excisea roots may undoubteitly be taKu^, in certain
c^ti i,.- ci ^oufej. i'or t*ie intact plant*
'i'ne excise-a root is certainly a fully aiii'erentiated syaten 

%liici*. develops in tne saae ^sneral vvay HS t:ic( i.ntact
0. t O,U^^ **w"t CLUX^ XU~UC;J.U1 lu^ikyel'b ^-^iC-* «JL C wu.j>.J.^w jL^

iiiwe tii« snoot» it aoee aeveiop i'rou a ter&inai aeriste^u anu it 
aoes extenu by br^iciiin^* THUS lijce tne snoot it rei; presents a

oi" increasing a^e witn increasix% aistaace iroi^ the apex, ana
in wtiicn brunettes witsi ^econuary gro«/tii centres aie carriea along
Ui.C JL..JLCU'.&«tf WJ. v»*.^ WUiiUiCiX <aAJL^>*

In tiie Oeneral procea\u*e use a in tne present invebtl&ation 9 
two ^roupa ol ouituies ai'e set upy one with a lull nutrient
**i C -a J. t-u-u cu.-«v« <>*. ^ : •-, j. v- j. w. -wwi.i.u>u. u <«. «s, JL w U. VA» ii •-••»•- oi ^-c^i Uj. CUJLiU-ii,

elciu^nt* uiMupi^e cu c ttiii^n at intervai&y ai^a bt^ilal obiaei'Vutions 
made wit., tiieae siiow tne earliest sta&e at wiiicn ceiiciency

w detc?ctcu. d.^* wi*v oversell ^xw^b^ ux vi*c. c>y&>^eM« 
a sta^e is cuosen wnion anows aii ear-iy pnase ol 

deficiency f a/id ea&'yiea ai e tat\en at tnib sta^e a/iu observations
tiJL C iiifclUV JLA* U.J.J. JL Ci «iii W iUU-t ^i-iiUlW^AV/UJL i "i-0JLUil43« .t*U Ui. Wii. j.wij.1

nutrient anu aei'icient loots ta^en at tnis sta^e aie uisaected 
ii*to auccusaive one cei^tiiiietre sections coui&enuin& at tne apex



ana aeparatfc enervations are i^aCLe ^-. eacu. l^e tmcceesive 
sections repiesent a series 01 ii*ci eubijt% a^e ana tnt$ snow 
tne interaction between etar,e 01 development ana

deficiency art ^eneraiizeu ti*rou&uou.t tne system or o
oue pai'ticuiar re&JLoii*

of tae investigation tne aaute set oi'

01 ^

tue wiiole loots in tii«s successive s&^pifce aaa on tiie sections 
tr-

a) i'O
b) rroieiii ^itxo^eii Content*
c) t * te oi uxy^en Upt&ut«s.

xn aaui'tAOii witii i\uoXe roots "U-fe
tue &ucce&&ive bt;-C'tion& tiie
Ifor txie analysis of ^rowt^ 9 xen^txi at.ter?:,inf.tion is of
C-U iy>A^i*iJL AUcU*Cie» It iU: , wCiUUJ.1* A^^ij. Ci~ lUAs^X*.^ t*i Oi- JL y^iuJ. U

to tue feAten&ion of C€,iX8 a^u ta& acter^i^utio^ i&
TLe iseasui eiuent 01 brt.autii in ti^e successive

-. wU i*iUiiii JLiS

oi tne total cull voluiaet &ad in tuin aveia^e volume per cexi 
in tae ailleient sec^iolis« Tne avei/ege voi'aiiie pei ceil

ti V^. . -. __ - -J*i- Ui C UJ. fc^Ui j^.-iUJLV o-lWC4X <UJL ^.JL t.A C-*. iuLU bXOiX*

ataoi. 01 number 01 celia ie i^^oi^ax^t in two
e nuiuber ol cells is an indichiion or tne

i«W Ut^c ux^OXi*^ U-J.JL OK> w i u*AO.aj. LiaV.

an inaxcation ox *Ui& ^xi^nt 01
important activity ixi tne ae

it
aivibion

at'tex^iuation oi ^rotein
iiu-oitant in wo connect! oiifc. r

tin content is 
uitro>.,eii ccnteiit is a

ou OfcvJ. Mi«a>D& uJ.

txiie quant ity aie
aja^iact ol ;,rovtti*« It 

content i& ^ u><ji*, leJduble

an Inaication oi" a

u**, OJLU;. u.



protoplasmic Bystem tnari eitaer i'resn or dry weight wnicn nave 
uot been ueiterjiiirieu in tne present series ol experi*i.uute>» 
beconuly , tne protein nitrogen content is, in relation with 
measures 01 met? bolic activity, an inaex of metabolic uifferea 
tlation*

Kate oi oxygen uptake nas been measured in boti* experimen 
tftl series since it probauiy provides an intfij.-rtstect e:\piession 
oi ti. 4p.-uup UA cj tu^j-ESHiic activities. ±\. JLJL ^*u i» u Auew.t»ujL«; wi 
overall activity, but it la &, ore oi a series oi' reactions 
witnin a paiticuiariy important aspect 01 metabolism, ana 
such AC ^i,.^ c« ujsed as t. .^roxii&atc: J.XIUUA 
activity*

jfx-oiu tue pi'imary &roup oi' aetermination© tue 
derivative quantities are caiculatea;
a) Average Protein iiitrogen Content pel Ocli,
b) Aveia^e i-,.ate OA Gxy&en .Upt&K.e per veil.
c) Kate 01 v/-^^** uptake per Unit rrotei^ ,.*trogen«

a&u protein nitrogen content per ceil iu oi' some 
bince i"C s^o^b one aspect oi tne ^rowtn ox 

ciual ceils aiia is aj.30 t^ Inalcation of tne aistributloi* v^ 
important pioauct oi synthesis* Tue ave^-a^e rate ol oxygen 
uptake pei ceil ib aaotner mea&ui'e ol tne aeveiop^ent 01 tuie 
cell. me xate oi oxygen uptake ^-.A unit protein 
been aeteriuiueu since it i& aii impoita^it inueA 01 
Btatus anu in certain counc:ction£> it> t^ereioie fcu± inaex oi* 
metabolic uiiieienti^tion*

in tiiifo Beriee 01 expeiiibcnte tue ei'iecta 01 t^o 
citt3 nave oce^ i^tuaieu in aetaii anu boxue pieiiiuiiuay oata 
been obtained on a w.^iu. .Uetaiiea obaervatiuno uav^ 

^itu iron ana i^aoxi^biutu ueiicienoit.b atia 
nave been muue witn Luoiyc'aenufu aeiici 

iron ana iua^nesiua aeflcienciea were btuaiea a 
are probably involvea ii* ailierent
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tauy are li&eiy ^o nave aiiierent eiifccts on < 
Iron ana luSf^neBiuta present tne lurtxier auvanta^e tor tnis in-

'^iCx co OA. "tliGfcJc; c-j-w^i^-** vo c*-t. «- j. i^u.^-4.^^/

caituie ol roots i'row inocujla ox ststa root 
tips.

xue effects 01 iaw^- uu&i*um ucixuAv^-j^ ^eve beeri examined 
ti;is txt-ucixt, m cuiitxabt to iron a/ia .LU^, ia

in tae piaiit as an aiidon, aiia ie iiK^Xy to nave

01 plants is mucn lower tnur* ia tuat 101 iron 
it.. , iruui, aua it was iou^ia tuat aeiicicucy tsirccte wita 
element could only be aetermixied in subcultures*

Oi-jL^ x*ave t>een o^tuiiitta witn tnia
to tue eilecte 01 laol^baeziuib aeiicitnc^ witiiin roots at an 

early ata&e QI tne induction oi tne
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1 * y U.J. CU..I fc QJ

i) .itrai i'eciuixque for Uulturiiio .uetacneu i^ea Koote
unaer bteriie Conditions

basic teciaiiques involved in tiie production oi tii« 
experimental material in taie investigation were biffiiiar to 
ti.ose outlined by white (1943) • Koot tipu obtained from 
pea seeds t. j.n&teu unaer sterile conuitionis \veie cuiturea 
in jsteiiie meaia. In tae conditions of tne investigation 
roots ^rtsw activexy at tue i-ate of appxo&ijuAtely one ceiitl- 
metrtJ per Uay v-nen a lull nutrient aieuiurn was aup^lied*

.;omr,c:rnial pea seeds (\ariety Onward) v^ere usea turou^h- 
ou^, ..u.u -w.ci "..v.j c ouriuce oteriil^ea prior" to O trui0.^i-uion» 
me stciiiiiiin^ aitai'ma was tne clear yellow iluia obtaineu on 
filtration of an 8; solution of calcl\im hypociilorite in water* 
Pea »(iii;uu preeoaja.ua ioi IS> minuter in water we.ie ^AUUCU x^i 
t^e sterilizing solution ior >0 maiiutes aaa occasionally 
enajteii to tiisure wetting and intimate contact between tne 
seeaa aiiu oiiu uuxution* Tiit i^j^culorite solution was poured 
oxi ana tne B^eai? waant^a vatn two Ci. a 01 sterile distiliea 
water Le^ore bein/-; trarxsferrea to eterllfc petri uisnee each

p^tri ai^n anu tne aisaes weie piac^a in ati incubator 
maintained tit 25 t U.l°ii. * ter ^erLiiiiatin^ i'oi 7^ -r 
Wv owc-uo carried rooto ^^proxiAatel^ t, ^u ^ centiiiic 
ana ti*eae provided tne la&terial from wiiicft. ti^e tip inocxiia 
were exoi&&a« in tne later expuriaenta involving

-jLo. jLt;l ciil« b^eu ytitapit'f uUl* u- Ui^c otuuc;

and neie a ^er*uination tiaife oi 4b nours ^EVt; roots
oi a biiuiiar ien^tn* Kooi tips approximately 1

cut iroiii i**^- sterile root^ cu^u wr 
to sterile petri dishes eacn o± wnicxi contained



k:0 lul, of sterile v ^ture medium. Two tips were ^laceu in 
eat;** uii>n. 'jUie uiL»nt;*> v.yze incuuatea at c5°^ * U.I v, j.** 
tne aark.

Tne **•. oil dishe& were o£ pyrex ^lase 4 inches An 
ana a &.: i incn actep, 'iney were steriliaea Q% u©ti'i»iiiu 
oven at 180 C i'or 3 nours; tne oultui'e meaia by neatinw in 
an autoclave for 10 iuinutee , ., ; -tea*- A,. uesux'e oi1 2C Ibs oer

to a iiiini^uoi by carx^in^ out tne aseptic trcui&i'era oi tne 
root tips i, n i.-iicrol>iolo^ical inoculating cabinet* 

wuiu^osition oi tiie Culture i;»ediui&
c iuasic cultuie medium wnicn i^ a &olutio2i oi 

bolts alia organic ^rovktn factors in 4v sucrose waij similar to 
that ucuuxibeu c^ ^uiaiux ui*u. Addicott (1957) • ^ Ai ^ ^I'oceaure 
uaed in tnie investigation nowever involved a prell ... ry puri­ 
fication oi' tne mat*}or constituents, aim tuerei'ox'e in aduition
tO ta.*6Se> a iUJ. A W vtw. iU UA U~*V .1_*JL UA WJUU. IxA X CiA 0 UXCoiiViAA UO iiUiV t •• - ^

essential 1'or tiie grov»tn of nitoner plcUitb \vas aliiO piovia^a in 
tne jaeaiuia* i'ne coaposition ol* tne complete nutrient medium

bait Concentration .it Concentration
. per jiitie) (i^0 . per

Bl ;iO^ 0,06
0,04 
0,04 
0,04

sucrose 4t>ouO .,04 kn^O 0,02
0*10 
0,t>0



turou&noi,t tjue investigation concentrated 

a toe* solutions or eaen constituent v\ere prepared, i'roa tne 

appropriate solutions a medium containing, ail tne inor&anic 
salts ana tne organic &rowta factors was prep-axfcu saw uoufcie 
tat* concentration at wuloa tne substances woula be present in 
tne culture vesaei* A solution oi sucrose V/KS al&o preparea; 
w*e concentration of vviiicb i^afi aouuitj uuau oj. w*« cultui'e laeculum* 
1'he inor^a*iic salt ana c>rowtn factor solution ana tne sucrose 
solution ft ere autoolavea separately in >0 al* tuat tuues f eacii 
ol' will en was charged witn lo I«JL» u^ ui*^, ti^^ropriate solution, 
i'ne contents oi one tuae oi' eacu solution was poiu'eu xnto eaou 
petri uib** t ana as a result tae conceiitration oi eacii constit­ 
uent was reduces to ualf tnat of tne two inaiviaual eolutions.

Prior to autoclavinc, f tne pit oi' tne inor^at^ic salt 
^rowtn factor solutions was adjustea so tnat wiien equal 
titles oi tnis solution and of 8^ sucrose viere mix&a tne final 
solution nad a p& of S>»0. u?ne Initial pii oi tue 
medium was in aj.1 tae experiiaents ad^ustea to t>,u as 
(1^54) nad suown tiiis to be optimal for the &rowtn of pea 
roots, l*ne aujustiaent© or ph were maae witn O.IK Hvl ana 
0«i^i ftaQh, ana as tne q.uaatitles aaaeu were small tiie^ aia not 
appreciably affect tne final salt concentration* *-w was foutid 
tn&t no si^iii'icarit ciian^e in ph occurred wnen tne solutions 
were aatoclavea.

Preparation of mineral Deficient Culture aeala
axe culture meaia aeficieat in iuolyi>a^. , iron 

and ma^nesiuai respectively aauitional pioceauies te&iaes 
omitting tiie salts containing tnese eieiaents were involved* 
It was necessary to remove from tne sucrose, ifcfcgo* inoi^uiiic 
constituentB ana water tn&t weie used in tae preparation of 
the media t tne traces of uiolybaenum, iron aiid magnesium wnich 
weie present as impurities. Onx^ tue iaajoi constituents of 
tne m^aia vvere pui'iiied t as tne minor constituents were
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paeseu. taiou^i tne column at tne rate 01 ciu^^u^xu^
per nour. mis purification ^ jtively removed. tne traces
oi laolybuenuiu, ++^* u^ ^agnesiv^ present in 'analar* grade
sucrose*

ci) i'urii'ic&tio.a oiv Ino* _ ic i>ait solutions
Ail tne major inorganic components tw>d in tne prep- 

axation oi tne moiyba«s2uua aaa iron Ire© mean* VHSAC vreatea to 
remove traces oi tuese elements* l*he purification prooeuure 
vvai> tiiet aescribect by Gentry ana ••* ^rrin^ton (19i>0)« In tnie 
aciailifc-a sizi^e eait solutions utw auuxen *ni'uu a solution o±' 
oxine in cnloioioria, i'ne aetal imxjuiities cnelate v*itn tne 
oxine wuioju axter vigorous enaiiin^ re^tiina in tiie culorolorm 
xayfci « After 8ep£ajation oi' tne two imaiisci^le xi 
cnioroi'ors ma^ remain in tne aqueous puaae, but tnis is

by bnbtiin^; si stream of air tnro'Uj.-'ii tiie o.olution»
oi t; JL t^ovei* &X.L tru-ww^ ^u. «-:«;u.^«»*ci*u— . . -;io&t 

tne iron*
nacronutri ent salts used in trie preparation oi"

*'<-• -ts» iio^ever, tue calcium nitrate 'usea 
in tnese expericearits was prepared by treating *analar l &rade 
calcium carbox^tc «.j.wi 'analar* graue nitric acia. iuis 
provision wt*e eeseiitiai ae coiOi&erciai cajLciuiii nitrate was 

a to be nei.vily conta^uinateu witn iua^:neeiuui salts* 
«> Ooiapoeition 01 mineral deficient ^aia

^.olybt ~ axia iron free media were prepareu by oiait- 
tne salts coutainm^ tneee el,, . us ir 

oi' purii'iea suci-osei purii'ieu «^cronutrient 
puriiied micronutrient ©alts anu vitaaiins* Omission 01 tiie 
fiiolybuenum aria iron salt& aid not si^ii'icc^itj.^ alter tne 
total salt ^wi^centration 01 tiie mcuia t ai^a ^u u 
in tue uasic meaia were i&aae*
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%• ere p~
with po v ...uffl sulphate in a &ixtuie coupotica OJL 

puriiiea xMcrnr,?. r.-- - unpuilfied iiior^aaic aal-" ---a orgauio
^rowUi iuuuo^o. was .uecee^ary to aua po't,«-u>~j.uia 
to faUjt/pi^ u.e isiLL , raaical aiia to iaaliitfeiu tue total salt 
concentration equivalent to tiiat of t^ie full nutrient mixture. 
xuuu^^j.cu_ ux^iiti^e wa& uuatu lo i^t meaiuiii at a CGi*cefttr&itiOJi 
of i:6 &&. per litre.

In tue exneriinoriti-j. rfuries iy':Vfilvin«-; riolybdcnn^ aiici iron

growth in the rull jucuiuia, oua thiu fcas pi-epareu by 
appropriate eo&pounds to th«* mixtures of purified, constituente*

a in the deficient meaium is not due to impurities intro- !
GUCeCl w^' wiiv ^y i»4ju X J.4. WC* CJUWAA jvi. UU C'U iij. W • v/JCl th£J OviiCA i*iAiAti WjlA©Xi I

puxiiiea salts are used In botii i*eula tiien aifl'erezice& a^ I 
etui Oiily ue attributed to d



1) "ruxement ox Kate of G*y&&n. Uptake
i'nxs uiea&urejaent wae raade witft trie uarburg, technique* 

fne root tissue w&*> ^jLaccs* o.^ w<; euwi.w-i.toj. ^pace ox tne flask 
witu 2.0 ml. of iresn culture medium, ana 0*2 &x« ox >u,- 
caustic soda waa aaaea to tne centre well to a&^orb caxuon 
dioxide. A shaicL^ opeed of JLO^ cycles per ndnute wa« 

a constant temperature batn laai/itainea at ^t .01°C*
allowing tne ^a&eous ana llquia pha&es in tue 

to equilibrate ^^ sua£iri^ for a iiali ^-* noux , w*j.e 
taps were cloaea aiia readings taiLen over 90 ui&utea at 10 
iiijuiute intervals. i'ae absolute rates ox oxygen uptake were 
obtaiaea ^^ multiplying the observed ratefc ^ v. tae 
constiuits. xufc i&aiiOiiieter coriB'cauoB v*eie aeter^xnea by

ea by i>ixon (l^t>0),
amount or rnnt ti««u^ nlacea in eaca fl^RK was 
bUj.^ >w ccw.wxiueir&s Q* x'uot, eg» 4 xoo'Uiu >wucu 

iuately .6 cezitiaetres loii^* , iUcasux-caat^itB were maae 
on root ti-..s much less tirstsue wr.s URCQ an triese nave a

soaa solution was placea directly in tut centre well ox the 
I'lask ana not abssorbea on filter papt.-r. O'^iis nroneaurt wae 
quite icxiiauxc wj. wi Uiti x uxt* cj. Vfe?iy lov* itiuuis Ui g^'^L-a uptfcut 
tnat were involved witn tne root material » 

'Stintation of Protein i^itro^en
mcti-suremtiit was made on the root txtoiiue va.icii nau 

been uaea for tne determination of tue rate of ox^^en uptake 
xi.e root sections v.-ere reiiioved from tne Karburg flasKS and 
homo^enibcu w^tii u^proximately 5«C ^.j.. uf water in an all 
glass Potter aria .-.Iverjiiem n- istr. i'ne nc ,.tc x 
transferrea to a small 10 x. 1 c*». centriiu^e tube, ?i?-c 
e<iu£.i quaiitity ox cola <:w, triciiloraacetic auxu 
precipitate tne protein fraction. Tne tabes wexe alioweu to



lor an nour In a refr.. .tor befoxe uein0
at approximately 2UOO --.. & for 10 minutee* i~c cit-ar super­ 
natant fraction Wc,^ discarded arid tne paa ox tricnioro&eetie 
acia insoluble material was wasned once witn ;? - 1C ^1» of 
petroleum etiier to r&uove fatty ixpiu material.

~.-w ~i,, precipitate was digested directly in
> wo., oi" ai^est iluia 
consisted oi 8eJjeaLUiii f 

eulpnate aau ^ - i,a»s.ium sulphate disaolvea ^. nitrogen free
tiuipuuric acia (^ai^on aiia ^uteru 

Xoi at least an nuur tiie tubes were cool^u anu alter
... „, droi r, -/oiuifle rs^O^ tney ^ere reiieatcc. for 

a few «*i*iUtet»» ,x**<w c-uxwUi'iess di^e&t tti*.b *&**cii uiiuiiua i.u 
2,0 mi. *itiA aistiiitiu Mater* In eome caaes wnen a iar&e 
quantity of root material v^as involveu ti^e tii^tsts were made 
up to 2.w MU.*

int;- niti'O^en content oi toe ai&est® watt e&tiiiiated u^in^ 
a &ariUiCfc;i steam distillation Uiiit. 1'he aii^ioiiia was aistiilea
OV6X" -I'-iA'a cuu.xcu'u<9u JriA u. vWAj-v: UCJLU. a..uujk.Ui^ x/ua. owjuvs. uxOil* j»i-t;

boric acia bolution was finally brouGnt bac*. to neutrality
witn staiiaai-aioea bulpnui^ic acia. An f A^la f ii*icroiiieter springe

u, c*o u> A-iJL, wi sj iwuJC'Cttt c;*.-. .. v>JL^v'\>jt'iC^l

to eiid'uxe iuixiii, auiin -UAU titration.

UJ. vUJ-J. - ( uiaUUi' ^k.J. ItUOt cUiU. ^cJ. j.,UQ"U

ine ceii jiiaceratioxi ttiaiimq.ue oi i>rown ana iv 
was ,isea. 10 to 4.O c-entimt'tres of root luatfciri&l

Maceration v.^b ei'iectea by in^ a**a tnen b tne
.^. ti iM.tie caoiliary uipette according to tne

original celi. suaptoiisxon was aliuted witn luitner 5.
nrior to :!:tiiiii. tue actual counts* A '•*'unhr;»V



QL tne filial at ^on uau a cell uttfioity of 
approximately 20 oellt. in tut squares action c tiie 
uafciitoe^ toideier* in tne worK, witn WJUO-LW lootu ui* 
four iootL per . j.e were uaea to uvoiu excessive 
variability uetween samples and accordingly a large 

ox "u*e extract** waa oi'ten

4) ^aximation of
tiona of average cell volume were made only in 

experiments in wnion the deficient , u*e full CUJL- 
ture roots were compared at <iay 7 by taicln^ fcerial 1*0 
ciu. sections cQiurue/j.cin:, at tae growing point, in tiiese 
expel iiitt-nts tne sections wnicu were uatfU, i'or tiie es" "lion 
of t^tal cull number were also used fo^ th? estimation of 
towuju cell voluiue* i' lrom tnests two ae&irurc;* tue average 
ceil volume in tne different sections was estimated.

'i'ne ai?-Bi€-:ter 01 
i*it- • ' . UA^ a oTfc
a tinocuxer microscope. l*ne eyepiece &caie wae calibratea 
against x. knoivz; len^t^^ an ti-f? ^icror.co^e ota^re.

pei tion i e calculated by a ction
to be ': peifect c/lin;;'.. . ^r;is method is o:>en to .v.: orr>e

wae reduceu uy t&r:in^ at leajst t^o , os of 
on eac»i section arid uairif-- tne mean value- for the c 

voluaae*

* vj Ox *.

fc aria i ,ce 01 iron v^a& e&tiiuatea by 
nydrolyBl. , sucios^ in conditions similar to taose 
by ivok/mson aiivi trovai (19!?^) • 'Ine rootis were cut

one centimetre t ,,nt6 and f roaen in a



volume ol water lor one nour, They were tnen fcuaweu t 
wached free 01 internal u^ external sucrose -v repeated 
wasitin^s wita uistilieu wat^r. fi'ne root auctions were 
incubatea lor 4 hours at <^°C with 2.0 >.i. ol *,-• sucrose 
substrate. Tne reaction was atoppea j filtering off the 
root sections on a sintered ^lass liiter. Xhe t- ats 
were w&aned on tnt filter auu tneet nvaai*in^e were aaaea to 

filtrate and tiiie wae made up to sttoiaaia volume.

i>, oorn - «;eusui tecxaiique (^trepKOv 1^;>7)» i'ne zesuxte 
are expresseoi as liicrograuia of nexo^fc eu^ar produoea per 

ol protein nitrogen.
Kte loot cultures were UB&U lor tne estimation ol 

activity. Aftyr tne tip^-ve ^aa bf;en useo, ior tuis 
&^nt* tlie protein in it '*&+> a€t"t4,Aiuj.nfca ^ ti*e juittiiod 

outlined above. i'ne protein valuer obtained witn tai© 
material were conciiatentl^ lower tiian tnose obtaint^a with 
irc^. A ti^uuti f fcu^u it was therefore probable u-.ut some 
protein was hydroi^sea ana aliiiiipatea aurii^ tae period ol 
ex^cosui-e to tiie sucrose solution*

iiat tictivitiee which ai*e preBtnt^-u xxi u^ -tc^w ta-« 
those derxvea frou tue ;iexo&«i values aiviat;a L^ tue corre&- 
ponain0 pzoteln nitrogen values obtained usin& the feuii*^ 
ea.»ple 01 rootb. The i-uvvAtt^t: activities aerived from 
hexosc values aiviaea by tne . protein nitrogen content 
estabii&ueu in earlier experiments ai'-e ,:-,iveii in tne appen­ 
dix. 1'hese values y in ab&uju^bc; teria&j 9 «j, c co.j.^iti^ io 
tnan the valuee presented in tue text, but tx.- ., ive 
diiferences between treatments wuicn are relativtay the 
same.

ir.c inaibition oi Oxygen Uptake.
vuu cj^iiiue v.us usea u& tne soui'ce 01 "Uie c^ 

ion in th-.. , iui»c-utij- arxa tiiw o^aiiiue ulkali mixtures



rebs (ii?j>!>) were oaea to maintain tne 
concentration constant in tne v.erbur^ x'lus&;.>. luitialxy
Uue»ci bJLoXBCtuj. j A ut?uj. Li3 V^AC uu ucixi^vw Q.O SOitt^ v.*. w^

in the external ^eaiu& was aosorbea by tue cyanic* e 
mixtures in tne centre well 01 the flacute* laifc ita to a 

concentration ol" cyaniu^ ^4^ « w**i-*^ii*o ^"^te oi 
^aKe vatii ti^c. nov^ver tais aiificiut^ wa£i 

avoiaeci b^ prfcsoajrtin^ tae roots in tne c^auiue culture 
media ^iztui-e for an noiir prioi « v placin^ tnei* ** tLe

ii contained' cyaniue botu in tue annular $pace 
ru tne centre well* ^aeu a'auort equilibratiou time 

oi 15 iiiinutea was followed b# readings at i> minute intervale 
over the next 45 ainutet*, a etrai^it line xate 01 

o^tainea in t^e resuice 01
-4Two concentrations ^* c^axxiae were testea, 10 and 

1C** juoior aiiU tiie ei'iectij were asae^aeu wit** cuxtui'e
fat pii !?.0» In tuoee experiiaeBts invoiviu^ lu"" .-.olar
septa a ic samples oi roots were taiceii to determine
control ratea arm uie rated in ti*<- pie^c^ce 01 .a
'jibe mean values oi* 1'oui' replicate uetexminctionfe in eaca
case were usea to eatatlisn one value lor percentage in-
nlbition.

mis pi-oceaure was unduly extrava^aiit with cultux-eu 
root material* ana aecordin0iy in i^ie &iUb6equent experiments 
v^en u^iii^ iu"^ touxta ^oi\» tiie control rates anu vuu rates in 
the pr^Beiice 01 c^oi.iue v<eit u^tabiibiieu on vhe same* ™

ol rooty. 1'iie tccitjoique wt*6 to aLttiriiiine tiie control 
ai'tcx x^> .-.iiiuuctj c^uiliuration b^ ttw-iii^ x x-ts-ua.!^^ u^ > 
intervals over 4b itiinutes. xne root sections were then

in petri uisnes containin^: tne cyanide/ culture medium
foi1 one uoui , wc^ox^ ^x&Ui.uxiuj.j.in^ tii^i^ Lacji i^to 

ilaoii.6 contaiiiia^ o^aiiide both in the centre well &ua in tne 
external Hieuiufiu AS beiore tue rate oi" oxygen uptake was



establish*: w ta^in T-adin&fci &t !? minute intexvals over 
45) laittutes feiter &UA iiu/tial equilibration ti^e- oi' 
i^iceiient results were obtained u^ tuis ia^tei iu&tnou 
tne variability was reduoeu, botn measurements n^ving been

Oii w.c :..., ,.ylfc 01'

7) i^amxiiatioi. v>* , uot i'ips ioi tae relative ixequenoy
01 i luotic ;:l

hoot xj.^a g.p ciu« J.oxi^ w^re ta^.^A 0.1011* iguwa Oj,ov»i* in 
sterile coltuie. i*ne were ii^ea ior iO uluuteB in acetic

a: alcohol solution (1 : '6, \'/V) f \VL:SI ica^ cuia
XO AiUA^itU. A* ^.i wCi*XwX XU UUiU Uiiw . LttfeU ttit QO 0 iUA

!i'iie a^arociAiaric aciu. %as %&BUfea oi'i' aiia "Uie root"
tip© were ataineu in aoeto-cariui^e rea^eiit for at leaat 6 
houi o •

ox tiie staineci root tips waii ta^tiii separately auu 
in a ez^aJLl oro; 01 I^O;-? &lycerol on a microscope sxiae

COVL.A -..,.;, ,4,^ vi- «_• \jar tji '. -t ̂ j ^^.t^v,. v^. v>^* WA^V i oot 
ieii aquasxiea iiat b^ £fe&tly ^reabuz-e* 1'iie 

cells ol eacxi tip weiy spread out into a £aiifcle lay^r by 
stroking, trie plastic covex o^.*^ witx - ,_xaau roa, 
iaii^uu v*ab ^imilai to %i&at eiuplo^ea oj w-uiiu^riaua aiia 

i>rown (ib?5b) in taeir e^aciination ox *u*e lupin apex«
..**s, ^^.^^ww v.ere examined using axi oil ioaaersion lens 

(* 1OO) litteu to a uiaocuiar ^^.croscopt;* iue numbers 01 
ceils in eacit 01' "Uie tiUii'er&nt iiiitotic puasyb %ere 
^v ta&i.^ transects acrotsfe tne siities, ..« xeast 
vacuolatea ct;ii& were e^.aiaiii^a on e.^cu &iiue <-^*u ~uue 
01 ceils in inter pnase, propiia8e t metapuase, ^ ase and 
telo phase were recoiaed*



1'ixe results pXfcSfcntc*u in tne x'oliovting section,
, nave been ex&Juii*eu b.y statistical procedures to 

aetexii*ixie wuetx.^ -w *« *.* ^stMfc^v ^AX**.. ^nces xeacu
^ . In ^enertJl, airect comparisons oi tae r 

obtained iroxa aei'icitsiit taia i'uli nutxient xooiis, eacu ii&i ves­ 
ted on u paiticulai QCC^BXOI*, nave ^tsejri aiuue*

me exptiriiutentax ue&i^is ueea iii ti*efefc invc&tx^ut»jLone 
sucii tii&t it iiajs ueeii possible to ^i^b^ut t**e rtseuito 
iorm 01 trends vsitn time, an a tiiis cireii&Btauee nae

tufc iifc»sa i'oi e>^tfe*At»iv© statietioal fcuiaxjaib 01 tiie 
in j^aii^ ca&t:b it is ex ear t^at tiie trenus witn 

oiii'er in t- e aei'icient ana lull nutrient series, but
/

cj 01. a^Vfeii^tfiiCt. ib iiot ulwa^a v«exJL auiiiifcu. 
botuai tieii^b v.itn tiiae are not si&pJLt strai^.t lilies 

but tne^ are in O en^rr-.l oo^piicateu i?ol^noa4ifcJL functions*
i e, xt was a«wo.uw.«. -uot 'to Oroup 'UA^ ut*xa ana. 

etiab utatnexuatioalj.^ v but to aetei^ine aixtcti^ 
occasion fct wnicii tue tre£itrut.!iit aiilfcrenc

iu cuu--- j.^^^ocu:i.ce«
uata iiQiu tiie irox'i aei'iei&iiC1y' experiia^nts iiave been 
uain^ convejc^tioxiui WMAi^feiij oi vai'iance xes^t a to 

e w-c uiiffcic— cc^ L/etw««i* deficient tuiu xu^.^. 
in &0ine catitb it wae liece^bai'^ to a^^ij a 

motion to I't.ciiitate tuis fcj.al^&i;.-* jiasi stance

oi
sir., tiiiti .; : • . T,&rce ie ;: ratei'uliy acKnowlea



uaua noii* vuc i.- 3iu& au^xcjLtiiC^ CA ..-«•.,*j.i,.. 
bee _ in t iw wfct,> f but

precise M t" test wan eia^,^^. ~.~ ... ^^vel oi replication
requite . .iii^u iroui Uie e^pexiiiitsnts

a^iicifcAAC^ weie not aubjectfea to 
i\i,e low level oi replication precluueu ti.is, 

be



ill

£*iit;et 01 iron .ueiiciezicy on tne Overall
oi jrea Koots

i'ne iiifct series of experiments was . uesi^nea to 
assess tne eiieet w* _*^ v^-oiencj on u*e overall &

pea loota ^rowii in ^eriie cuituz-e 
01 tAiis or^aiiiaeu eu^a aii'i'exentiateu 

system was cii- 'f ntexisea b^ ta^in^ tiie ioliowin^ M 
a) i*cn^Vi. ui tue rooia 
t>) liotai nuiuuex ui ocxlb per iooi 
c) I'ot^.i content oi protein nitrogen p^r root

Lt; OA ox^^eii uptajA.fc; per root 
izivertuse activity per root

mefcaiireitioits it w^a -.ossibie to

i) Aveife^e rate oi' ^xy^.eri uptake per unit piotein
troen

- ^IJL tJ-'U

oi' ox^ 6en uptaKe per cell

root tii>t» cut* i
pea seeai3 vv eie c-it..aeu at £p°v ia iuii nutrient 

eaia. aei'icient ii; ii-on» ,%aiu --i.es o±: ro 
ta*tuuj- WAS* i^Atex ^luwxxi^ p^JLiuu^ oi ^v^f'/y^ aiiU iJL 
tne initial loot tipb reau^ AOI Cu.ituiin0 were 

auulysea tc ;:-ioviae tne aa^ (, v::..iue-o. i= n r eu iminai ̂  CA-
p6I'iiiitt.jLA Owj jL 0 V. - . . , WUUiiiJiiCa Oiicil, U*t- i-JUt C^JLlUieid Ufc'llVfc-Ci

from loot tips cut iro^ ^ex^inutea seeua oi a p\ue line 
vaiiety 01 seed were very uniform. It was ai&o I'OVL*



experiments involving tne sane seea 
iK.'..tion procedure, culture medium ana

J.JLJ A c^x uuuoibie results* i^uu xu was

to assemble aata on tne &rovttu oi tnis system in a series 
oi experiments tnat were conducted at wiuely separated 
intervale*

&aon experiment usually involved approximately $'<L 
loots gi-vWii in full nutrient media a/id $2 roots Orown in

nutiitioi ,.1 treatments were at Harvest divided into two 
equal &roups. One group provided 4 samples, eacn coiifcsis- 

01 4 rootb, wiiien were usea to e^tim^te total cell
ftuijle tne otucr tiioup provided 4 siiuiiai samples 

were UBed first to eiitabiisii a x-ate of oxygen uptake 
per loot »-**«, u^v.^ vO ^iovlde data on ^ne protein nitrogen
• *• Jfc \VT*

content per loot. 'me it;n^tl*a of all tne roots were 
measured. in general tnerc* was an internal replication 
oi 4 witiiin eacn experiment, ana usually :> replicate ^^~ 

pj.ovo.ued cue basic aata on eacn occasion*
Tne activity oi Uie enayme invertase was ebtim^tea

; separate cultures of roots and j.~ tnese experiments 
protein nxtzo^en was a0ain esti^atea. In ^liese experiiuuiti 
tne internal 2. & plication was usually 5 ana tne expei im^nts 
were ^ot repeated,

Tne i&ean yaiuea ouiainba in t^m beiiea 01 experiments 
aiv c presented in Taole 1. me complete daxa are ^iven in 
Tables b to 14 —• one appendix, ana tne trends witn xime 
of tne aiiifci^iit determinations are pixsentoa in fi0uies 
1 to 6.

Tne effect 01 iron deficiency on growtn in length is 
snown in ii^uie i, wnere it is clear tliat aitei 7 , 
tiie ^rowtn in terms of 1. . i oi tiie rootb cultured in uxe 
iit)n deficlexit media is 3evt;iexy restricted. mere is



eome tai^nt ei'ieut alter i; uays fcu^ ultfci 7 uay&
01 no luitne* increase in ien&tn occuifc. X'hfc ei'i'ect in
t-ue iron deficient roote, in terms oX numbers ox cells, is
ojuwifc.u x.u ^x0ure k: irom union it is clear tiiat uiter 7 ^ays 
tnexe is uo iiiureaae ia tue total numbez^ oX c&iia iii tue 
iron ueficiei.t i-ootc, tut a lar&e izicrea&e ao^e occur in

ii t iuui&$* '1'lie ti ̂ liU UJ.tii ti^t; Ol l/OUi
in tue full nutrient loote iiivoivee an 

initial xa^ pnaae bttween a ay O nna $, vvhicn its follo^vea by

in tne rate oi increase Detw^^n aa^i3 b? ai^a 11*
-otei- nitre, .en content per root is pr^K^tited in
>* AiivA c Xfc -.iU^J-C UiAfcai^fc: ii* Uxfc CQ-A\»^Ai^ Oi t

nutiieni rootb ottween aa^s 0 fc*na > f uut tiierea 
is a very steep rate 01 increase vtnicn continues to

-<~uj O.-1. • 4,.j.>v jj/A w w VAAi iiJu V»X W^jCii U^'-Utdili U* vilC XX Uii UttiJ-CX

rootw is» io^toj- tnaii it is in tnts roots auppliea wit** iron 
at tuts 7> ^ ^'i^ 11 ciajy narvestfe, ^ovieve* 'tnt orotein

COli u ,i^ w v* vt^iiCic-** i* JLUVJFUCS j.ii'wi tiiiiaCt: to U«UUXX^

7 &n^ 11 ua^s. inere i«» no j»uauen sto x.,.dn^ oi' 
protein iiitio^en ioriaatioici at 01 about tue 7 aaev eta^e « na

* 
me total i-ate oi ox^eii uptakt; of roots ^1'own in tne

iron roota tnere i^ initiiiliy a eii^nt acoiea^ti in 
rate between ua^s 0 anu ^ t uui tnit* is i'oilowea cty a 
increase ovc^ ^ iA e next ei^Jat days. j.i^ n*ci «-«**,; ^ 4.1. u 
latt 01 oxy^ea uptake 01 t^^-ee roota is linear between 
5 ana 7« 'i'ne roota ^ro«n iri iron u^iicit-nt ii,euia nave a 
loafer rate oi' oxygen up'u^v, ^^i awot tiwcu* UIAW&IB cujuibutu in 
* lull nutrient J4t?aia at all ssta^es. A& evaluation ol tne

Ox tne observed aii'lei-enceB nas «sno^rA tiu*t the



effect 01 iron at uays t>» /» / -x,u 9 is significant at 
'^ ^t --ay ^ it ia bi^nificant at P<.01 . 
tne rate of wxy^en uptake ox tne iron aeiiciurt 

roots is iouer than that of IXul nutrient root; v tne 
a«*y 3 feta^e tneie is a coii^iaeiauie riat in tiit- total rate 
ol totn ^roupb 01 roots between days p aiid ?• i'Toa aa^ 7 
to aa^ ii tne re it> onl> a slight chan^ in tne rate of tii« 
uexicient roota, out a iar^e cnan^e in tnfe rate 01 tne 
iulx nutrient roots*

Tne rat 01 oxygen uptake per unit protein nitrogen 
xtj 0iVtsii iii F>,.uie > aiiu tne tienu snovt/n by tne lull cul­ 
ture roots ib important. 1'hexe is a very pronounced

in tne rate between aaye o aua ^, wnicn is followed 
a ^raau j. xuur«aee to aay 7 anu viexeafter tne xate

j i'airj-y const&at* Tne rootB culturcu in iron 
aexiciunt meaia nave a &i^Juilic&ntly lov/tir rate of ox 
upta^t- y^± uxu. w ^i.uuc.iJLi iiitrofotjii tnan ^uuu^. uultUi^u in 
nutiient meuia axter a ^ro^in^ perioa ol only > aays. Tne 
rate in the ueficient xoots rieea iroiu aay ^ to aay 7

ihe le&ults oi tne tv\o eiiects Ox iron aeiiciency in
tne normal increase in cfej.1 number at 7 oay^, but 

not etoppin^, 't-*c J.AAUJ, ease i** piott-juii ..JLU^.U OU^ .-•. ^ w*c ^,: .,_-w 
ata^e are clearly aiiov.n in ^i^ure 6, v,nic*i ^ives the trend 
of the aveia^e protein nitrogen content pel- Cell, , tne 
iron aeiicitnt root^ w^^^u 4.^- «u J.C*A O ^ i^cxcu^^ i.n t^^e 
aveia^e protein nitio^tin content p«i cell at ^ ana 11 aays» 
In tne contxol loota tnis increase uoee not occur. The 
normal trena in tne AWJ.JU cultuie rootc, i^ xiiob t* auttsp 
aeciea«se from aay 0 to aay > UIAU tiiereaiter tnere i& prob­ 
ably little c _^t

xn * * v^"-i ^ 7 tne trenu wu. tAvt.j,t,i t> ^ xuiuc ux 
per ctlx Viitn tiiue naa ueen prestntcu. v



a
anu ^ out Lufcrfcuxter tn&re i& only & aii&nt increase in 
tiie rate to day 11. .-'-'on deficiency nere 

jufc toj.ifect aiiu "Uit!* . .' - lowtriii^ of 
deiicient roots alter aay ^ wiiicn continues to 

Tiie Meat: rate in trie 11 uay oia adnue ii'on roots is 
ti^^-areiriux^ iAx^uci- -uu*-x; the rate in "tufe 1'uj.j. uutrienc 
but tiiito ei'iect u»uy not oe rtai aiiu coula result iro*u

errors associated vviti* tiie atterminationa ox total 
cx tuiu, i.otal xt.wy 01 o^'fc,w* u^ vuikw per root* 
reiativfc invertase c*otiviti.aB 01 tiie roots 

different eriocs 01 rowtii are s^c^vn in i'i-.ure

i'ormea in j&icx-o. .3 ironi & ^ivua eauoutit ox sucrose
suustrate ctivia&d uy tiie pxotein nitrogen conteiit 01

tures or ioot& v«ex«; used, ana botii tue protein
aaa tue e&tija&tG oi aaiouiAts ox' ue^o&e 

uarriea out on tne seine ©ample oi root tiaaue» Iron 
xuncy u&& no eli'^ct au^e a£» tueue rb no a&t^cia^ie 

aeviation irom tne trena establiaiiea ior tne lull nutrient 
roots. xnere is a very pronounced drop in tne invertese 
activity i'roiit aay o to uey ^» but tufci'eaiti;!- tae 
are sli^nt v^itii only a very ^raaual xncreaL& to day ii»



± ...X3ROH ROOTB - :,. ?Jt\lf OF..

Mean values from an experimental series which involved 
a treatment of £ iron and harvests of whole roots after growing 
periods of 0»3t!?f7 f 9 and 11 d

0 3 5 7 9 11
Mean Hoot *"^e i C) 2*26 3«31* 6*05 &«i>0 6.70
length (on) *Fe 2,28 3«!>9 6*6*4 6.65 10.30
cell ho. -Be 29i>./77 318* o?U i*96f 7«>l* /*79,U00 472,970 
/Root ,^Fe ^f**0<> 293,01^6 338. U8^ 522,036 663,720 762,^8

Protein B. -F© r 3?»89 72*27 88.U 101.9 H3»771 * 58
C2 Uptake -Ft 7*18 *37 13-^7 13*73 1U»77/Hoot 9*71
(eu.M«/hr) ^e 7»96 10.07 15*32 20 .OS 22.71

02 Up t a Jit-

('cu.iiin'/hr

Prot.K. -Fe , ^ r. n 195«9 203*9 18^*0
*2 186.0

Og Uptoke .Fe 214.36 27.31 26.27 28.66 31*12 
/Cell 39»2ls' "

13*33 II*. 80
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4 f C&fcUA0 fc in Abates 01 UAygett upta&e wiui 
hoot a ^rovm iii j<uii nutrient aiia in Iron
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in Invert aae per Unit
Protein i*iti_ w :.i with Time in Roots grown in imli 
Nutrient and in Iron Deficient

TIME IN DAYS



—.feet wo, iron Deficiency on tne ^«* 
Ui£l'ereutiation o£ 7 ^aj Oia rea

A second series ox experi&uita was caxiiea out 
pea roots ^ovvu in lull nutrient ana iron aeficifent meuia« 
i£ne nurnoue o* tne&e experiments was to eata'blian wnetner 
tne iiOii-uj. uj.iji.ex Vitiation alon& tne Itri^tn ox tne route was 
altered, in tne iron aelicient t»roup. In t .ts 
xion del ±ci t_nt arid luli cultu? ¥ « ^oota v^ere naiVs,. -^. ^.*a coin- 
part;u s^^ ULufcxii0 fey^jfibil uiit, cc^.Lii^eti «» ^ectioziy IIOK.

at tne apex. Tne cori^Sj:- one- 
iron tne tv^o /irouos oi roots V.CJP

uaea in tiiti ^rowUi btuaieu oi rrowxi w*u rxo ... . ) 
In tae prfcbcat iiiVcsti^ution, uowever, lar^e 
sections were u&ett instead oi i. • ii one 

oi ont»
ebLLite or ti»t pr^vioub ociiutt oi e*p^riiac/it& had 

tnat ai'tei / Ja^s f rootts ^rown in jae 
are tUie^uivuctiiJ.^ ixon aei'icient. liiere waa aome 
fcffact at aay t> but aay 7 ^^fc* "wie Ji'irat e n tiie roots 
were clearly iron aeficient. i^oots at w***. / ,.„ v-

&uu^ v^ere cut into aexiai sections 
laeasua ementa were uiaut;.- 

a) wwj.* ^.oiBber per auction 
t) lotal voiuiiie pt?r section 
c) Protein nitrotv<?n content, pei section 
~; ^^ate ^- w^^^w.* ^pta/i^ per oection 
e) helatlve inv se activity per s 
x«Toa tiie&e primary aeabu- uta tut xoiiov,inw _ .titles 

for eaca section were uenv^~«- 
AVv^a^e voiuiuc per cell
hate oi c ^ on uptake *r unit pzoteln :uitro en 

^> ..vexa^e protein nitrow «** content par
i) ,.Vfcr-a^e rate oi o&j <.,«*&. uptake per



j 1 7 i-ottiii,:> period' trie len th oi ine iron
.i-t.u w .fcUU'wi* : U»w cttfitiffiet.! «JL? ctiiU i,i.Uv Ox uuc -i.ua. j.

culture roots was b«6Q centimetres, At harvest, live 
accuietely :. .*red one centimetre sections were tkiten

v/i~i WC^V** i'^UL CU-U wlif u. ti^UJUiUt-* Uj. i*i^ti XUCv. ...iiCXUUfca

section eix,
ju experiment hurve^tea in tiii& *«v us'ualiy involved 

upproximetely 24 J.*O*A ut-ficiwui, *^uu 24 fu^j. uux^uit; xoots. 
sectioiie from uaii tiie root** ^ere ueea iirat to ueter-
a rate 01 oxygen upiaKe yei section, i

ol tiie bectiona i'rom the rest ol "u^e roots 
were L ,j.-eu uein^ a iuicroL«cope tuia t**is 
ceil volume per section to ^ calculated. 
eectioziG mere filially plfeceu i±* cia-o^ic aciu &riU used ior 
tue estimation 01 cell nutter per section* i*oui replicate

witn this design were carrlea ou\>. further
b were Juai'veetea b^ cutting the ioo'ta into 

sections unu ti^ebe ^tctionb v.ere u^cu *uo iLe&^uue invertaee 
activity. A sur.-'--rv ot tr.^ r«eult& 01 tne&e ei t>t ej<.-

\w* 11* lu^xc k. &aiU tue coiupiexe a&.ta are 
* in 1'acles ip to £7 in tne . . u.^* In Jlit,urefe ^ 

to 16 the trenus * ; l.onLi botli the i'lill cultiue ai*a iron 
deficient roois ui^ ^iven*

Before coneiaeiin^ tue inaividuetl ±i0ui'es it is im­ 
portant to ..oxt tli?>t acctione 1 to ^ are laiii'orml^ ~~ one 
cei:uii-t uie t wu^ section 6 in tiie uciicieni roots is appiox- 
imateiy one ceiitiiaetre ai.a in the iu^.i cultuie roots* is 
approximately 1,6 centime tree. '-I'^e graphs of tne measures 
of iii.ouj.uwt; ^uiai\itiea anew the uii^t-rtincfe^ per unit 
in Lhe first !> aectione out also enow the total aiii 
per root as section 6 incluaee all tne root tissue beyond 
the ^, -



in lootb ^rotna io^ 7 aays in non
tne* e are it-wei ceils in sections 1 ana 6 tnan in tne 
corresponding s^ctioiis or roots grown lor a similar 
in full nutrient uieuia* -.oie nmubers 01 coils in tne
refraining sections is tne i>fcaae in tne tv»o eyries* j.nie 
result is given in il^iu^e 9. f « : ne aiexribution ol 
in iulju nutrient roots i& 01 sc;**,^ 4.^verteb"t.» int* 
section wnicn incluaee tne growin& point contains 
imately 10U f O(i c^li^ anu tUiis it, lollowea b^ Si^ 

contiiinti oiJL^ aoout nail ~u*is nuiiiour Oi
ceiia. i'TOiu section 'd tatit IB a auaxp 

In tiifc c^ii nuiiatei per emotion* section i? wnion IK only
contains alir»o&t iut f w^w ct;xiu vuij.ci. xa
in section 1 9 anu section 6 contains an 

even &reater liumber oi' ceiia. in j?1 _iu-e 10 tne average
Cfeii VOlUiiit, O* U*\_- Ct-ijLe? X- •-- -C UAU.^^X'wliU <t>^U UJLUi*J» JLis ^i'^te**

tntca, u.'ne nojtiiial trenu in cwii sise iss iroiii »iuuii cells 
in tne iiist section to auch iar& w.x cuxia in seutione 2, > f 
4, ^ caia 6. inere ie a ^rauual upward trfcnu iroi^ «^otion 
^ to section t>. in tiie iron aeiici&nt loots tne cexlo in 
section 1 nave a eioniiicant.iy nic nex avtxac^ voluii»fc tiiaii 
the caile ol tne coi'reeponuln^ section ~^ ^-^.^ ^^-.tuie 
roots* Iron aeiicicncy uoee not aitei me. aveia^u ceil 
vuluiuu oi tiie ceii& in sections <d f > v 4§^ ^*u 6«

Tne aistribution oi protein ± itro^en alon0 tiie ler%tn 
oi "Oiit two ^roup^ 01 loots ib ^nova^ i-- ^i^,ure 11 wx^eie tne 
pxoteiii nitrogen content per section na^ been pre&<^uteu« 
*<• is laiovtn tiiat at tiie 7 day sta&e iron deiioieiit xoots 
contai^i a reuucea total a^,ouo.t ol -iOtein nitrogen 
c, reu vvitn i'ull cultuie roo^s. il^ure 11 biiO^v 
at this ata^e there is also a lai^v, alteration *-* v^e 
aistriDution 01 pAOt^in ^iitro^en aiOii^ tuie Ieri0 tn oi iron 
ttelicient roots. ^ne r'ront 4 aectiont* o^ txie roots accuiuu- 
late aigher tnan normal amounts wnile



JLJ.UU. UiC lai&fc JL tsviUt; tlOiJ. il* ttfcC: UlWU U*

contract iron ad'ioienc^ > little eiifcct on tne
trend in Trie rate ol oxygen uptake per section.

JLt> 3..OW& JLu £j»^ure X<c, anu. Ww UAAJL^' UXl'feCt Oi llOn

is u reuuotion in vie rate in section 6* Xhe 
JI"UJLI culture trtrna is first t-. aecic-Eise iroiii tiie ni, n rate
ili Ot-U OJLUii 0. tU Cue VtXj JuUkV iUl-C ii* tttfC UiUi* ^* iiit^X'U-UX "tvl'

jjeciione ^ 9 4 at^u t> Witifc is &n increaa^ in Uie xate 
is ji'oiiowea by a lar&er increase to s^ctio^* 6 wiilcJri 
verv ^i^ii rate u^ o^y^^ii aptaitc. ^owever substantial

aie lounu betuiefeii tiie luij. c'ui'&'Ui'e ana lion 
ratua OA oxy^eii uptaay wueti Uiese axe e^pre&ueu 

in terms 01 tiie protein nitrogen content ^c* oeotion* The 
iox tu« iute OA oxy^^jn upti^ce per 'unit protein

is ^iven in jil^ure x^« 'i'ne rate oi tne iuii 
ooltui-e roots declines continuously aria stet^^j iiom section 
a. tu auction t>. xaere is a iaxi xn UiC *u'iu no 
tn& ex^tiie j. ,u oi tu^ ioot&* xnu iron u undent roots 
nave a lowciea AUCV. of oxy^exi uptake pur unit protein 

.cn e^p^oiaiiy la auction i* j.nyi^ aic ai&o 
; ratt; m bectronid c.,^ aiiu 4> out tnc xat^^ 
6 aie tiie s«uut; in botn groups oi roots. The 

oi iron aenoiency r& mot-t iuaiiiea IIA tiit irunt t*irti 
tiona tuiu tneie i@ little elluct in tne last two*

i'ae tvko uerivea qaaittitie^ n. -ioteii; i.itroc.en content 
pei c^ii anu iatt 01 uAy eiei* upu**.<, per cuix in tne uii'xerent 
bcctiona are ^no^n in i*'i i:>urea 14 ««na ip« ine c . aio- 
tribution of protein nitrogen in tue iron deficient roota is 
cieail^ ^nuwn in ri^uie 14 fojueifc) tne uvei&^u xocem nitrogen
content per cell is ^lotted, me averse pi-otein nitrot 

content oi tne cellt in tne ironi 4 B^ctions ie increasea f 
ana tnat 01 t^e cene in tne ia&t 2 sections is aecxeauea 
in tixe iion deiicient rootB, c aea witn tut contents oi



47

ceils in tne corresponding sections 01 control roots, in 
tne control roots tne protein nitrogen content per cell is 
low in section 1 L,ut rises steeply to section £. ^sre 
is only a elicit increase frooi section 2 to section p f but 
tueie is a lar&e increase from section 5 to section 6* 
jftlgure It? snows tne aveiu^ rate w~ 0-^^%*** uptake p^i ceil 
m tne ali'ferent sections 01 tne tv»o groups ol ioot^» 
iiie trend oi tne loll culture roots is complex but tne 
fiist cnaiie.® is i'roL. ~ *w» -.ate in section 1 to a &uch 
ni^iit-r rate in section 2* 'iiiereax'tei' taere is a steady 
decline to- section ^> ana a final iiii'lection in tne curve 
results rrou tnt — ....^ rule o^ tne ceilii in section t>. ^n 
u*e iroii aeiicient roots ceils in sections i f ki f ^ axia 4 nave 
a niftier rate 01 ox^^en uptake out tnoee in sections ^ and 
6 nave a imvc-r rate' tnan titoee in trie corresponding section® 
01 "Uufc X^JLO. cuiLu^e root©*

cnai-acterination ol tiie two groups 01 rootb in 
J. tne relative iixverta&e activity oi tne diii'erent 

juo e^ovsAA A^ x'i wure 16 « It ie clear that in th« 
iuli culture roots t/*t?i?e ie a enarp at ,ru trend in inver- 
tase activity 1'roiu sc-c'Cion 1 to stction 2 but 
tnexo At u iuOj. t ^As*uuci«t uwui^ase "to ^uwuxw.u ,^ 
deficient loots mere it> an inuic^tloxi 01 a sii^at overall 
xeauction in liivertast; activity ana tiiie reauction is 
approximately oi the eaiae order alon0 tne entire ^tA^wu 01 
tne roots. liifc reauc^iOJi is not ei^aiicant au tue airier- 

in total invertat^e activity per root are only very 
-u tne 7 aay



TABLE •—«s~ <L.
± IKQE HOOTS - GUI&IARY '

Mean values from an experirrtcBtal series which involved 

treatments of i iron, a 7 <2&y growing *>er:iou :-uju iiarvcuts by 
sectlosing*

lection i. 2, 3. i,|* 5* 6.

Cell PO. -i-'c 85,5^2 h7,6n2 51*,U79 71-360 97*809 116,663 
/section +pe lol t 6S9 U5.77U !?3.337 71.5=3 88,785 153,901

--FC 4*4*^1, 8l*7U bo*i/ >3*^ 113*^1 117*S^6
(cu»Kjrri x ,10-»i *»^ 3l»7U 8/j.So 95*08 103.65 109*65 lln.86

Protein K ^e 13»77 7. 89 lo«15 13*^ 16*89 26.09/ycetion +J,e n^9 ? ^ Q2

Optake wFe 2 «579 1-551 1

f 'j u i/t
/unit «pe .1671 «lyyj .1660 .ijly .1390

2349 *2251 -.-; ':-^ 1 ; .158? *132^ -1297
/JJg. ,r lOt^O

*6 185.6 173*3

02 Uptake
/Cell -P® jc;.ol >l,|..u7 3^»ou ^6.65 ^-3*56 31*85

27*97 25*69 2!4 »!>2 311.65

Inverts®
Activity -Fe 15-966 ^^766 9.378 7.^51 ^•^17 6.375

10.757 6.963 9-9li5 ~*2»2 7-111
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O) sensitivity to Jyaniae 01 tae Oxygen bptfc&e of Pea 
Koots urgwn in jfUll Nutrient anu Iron i>ei'icicnt oultoiee

it is vfceii iU*ovm txiat iron is a component 01 u±e C 
enrome system aad tnib system has been snows, to be qu 
t- t.tvelv -important constituent ol the terminal enzyme

01 pea loutti CFrita. ai'-d Lt^Vfei^ i^ip^>« iuis 
aeries oi' experixuente v, as cairieu out witu ^ view to 

tne relative importance of trie oytocnroffe f^ystexa
foauea iroi*» It wt-4» ug,i*~ 

01 tnc? ox^' 0en uptake to
^ c^enide viroulci ^ive eji indication oi the pro- 

"uxe ox^^fcii uptuKc catul^ tJi^a uj/ u&av^ uititaX 
Xhe ifio&t notably cyaiiicie sensitive Byateia la the 
/ cytociirome o>:id&&e u^aten. LJIU if tiii© ayatem 

was either xeduoeu 01 x^^/xac^u u^ cuiwu*wjf AU*^ aensitivf to 
cyaniue a^uytsrtn^i in tne iron aei'icient roote^ %uv*i th^re niight 
be a different se/iSitivity to cyaniue witii reaptict to

lli l-iJ-C, UiVU' iiUtritlUAitAi. 0AOw.^O«

e conducteu to ensure that 
a reproducible concentration oi c,yai:iiae co^Ia be maintained

11 tiic roots v.eie pretreat^d
lor an aoui prior to lacin^ Uieiu in ilaa^s wnich 

containea cyaniue boti. i** ^^ w^ternal solution and in the
centre v*eii» iAperimente wtae coiiauctiiu uein0 caiiiue coi

ol iO* anu 10* uolar ana tne sensitivity ol
the oxygen uptake of roots cultured in the ^~;—o^ce and 
absence 01 ixon 101 pdioas 01 C»> f t> t 7f9 ana 11 u&ys was

In aduition iron aeiicl^ht mid full culture 
alter

of the oxygen uptake to io*"^ iaolar cytaJLue ixi the different



***« j. esults ol xiiAAx u x bin& tne OAJO**** UP'UULW of whole
—4. roots are 4,iven in , i^ure 1? wnere tne efi'ecta ox 10 ^ M*

«*3axe anowri aim in j?'i&ure lb w^ere tne effects 01" 10 ' !
are pre&<Gi4\ ,* f vtixile tu^ ucouux vuxu^^ «^j.t: pz^^t^^o 

^b ana <9 ixi tixe app&uaix* lae rates 01 «. ^ xi 
Oi iOO^s ^lov^n in iuii nutrient atia in iron deficient 

t>een laeasurea in tiic ^iesenet; tu*u «.uc,ituy ox 
in general terms tne xates in "Uic absenot? oi 

were similar to tnose previously eetabJLisnev^ witn 
the exception "Wiat 1*** AU^C ox IIOAI uci'icic^u rooto uo

no c ntie sic^iiiicariti^ iow^r tnan tne rate oi lull roots. It is clear tnat botii
ox cyaniae reauce tne rale ox oxy<^eu uptake. xn^ effect 
wt,s ^icatei' viUeu 10**"^ u.* /» win wae ue^u ana tne ..ituae ox 
tne eiiect vaiiea witn tne u^e oi tntt roots,

In i^igure i!# tue relative effect oi tne two concentra-^ 
Wox*.. - . cyauxue on tiAfe' ratco ox ox^^.eii. uptake art; snov*n 
in -icruiB ol percentage ix'Uiibition* Con&iaei-in^ x'iret tne 
exiect Ox io""^ M. i^u^ on tne full nutrient roots tnere is 
clearly a pronou^ic^a xr&aa wxtii tiM6* me inxxial one

ire tips a& tney ai~e xixst cut Xroiii tne ^.eriainalea 
are ver^ &eu.Biiive to cyaniae ana tneii rate of

upi*uAt Xi* innii)iti,u uoout 6u/<-. noueveri titere ia 
a sleep lail in tne peieent innii>xtxon between aa^-s 0 ana t? 
alter V.MLV. xi it^^ine relativeiy conaiant with appxoxi* 
j&atex^ &» t ux the oxygen uptake bein^, inni^itea L-y tnio 
concentration ox cyaiiiae* xne xxon aeixcitmt root& snow 
tti^ bc^ifc trenu as tne luli nutrient roots fenen tne results
are expre £?&»<; a a& relative iruiiQitloxi^* xi* 'bne e

-A10 ^ «,. ^uls was useu tue percent innititions ox
uptake axe lower, anu 11, ii clear tiiat tiiis concen­ 

tration ol innioitor doea not xuix^ saturate tne c^ajraae 
sensitive system. xhere xfe, uovvcver, a fci^iiai aownv,ara



ajua once &&&X.L> tK*~ _.>«** ccni*
the o «aj<L€? 01 iron deficient ana xuli nutrxfcnt 
are the

navt; oeen presented in aaotiiex 1'orau here tne pa. opox 
oi tiie ox^^en uptake meuiatea 'b^ tii€ cyanide ins&ueitive 
ana b^ tne c^aniae ocneitive systems respectively aie ^**w 
lor eacn oceaeion. ine rate oi o^£? tdn uptake ii* tii« 
presence ox o,yaiixae proviaes a meau'uie ox tne activity oi 
tne cyariiae insensitive ^etemf una ui^ difi'ei* _ 
tnis ana tne ixniniiibitea rate a measure oi' tne 
sensitive eyete^*

in ri0ur-t; to. euc uonsiu
satiuates tne c^aniae

present in tnis root material t aria ao tp.vee a 
reliable e8tiiaate ox tuelr iaporta^ce. i'ne activity of the

i ueoliiiea x'ro^u ua^ 0 to ua,y 
groups 01 roots* in tue xoxi nutrient loots 

eye tea then ixicr eases steaaiiy from aay 5 to aay 11 but in 
I the iron aeiicient roots tuere i& onl^ a vex^ sai^t increase

in tht activity or this eyatfcm over tne saute periou. 
cyaniae insensitive &^ stem 9 on tne otner liana f anow^ no 
cnan^e in acoivi'c,y between aa> 0 anu aa^ ^ in LOU* 
oi roots out tiiereal'ter- increaseb conaiutraoi^ xn botn« 
ihere is almost a linear increase in tne actxvit^ ox this 
system in tne lull nutrient roota* tut LI^ xncrea&e ib vt^r 
much less in tne xron dexicient roots.

**» *j. 0ure 20 tne results 01 tne experiments involving 
10"*^ IH* KClM are pre&eatea in **u& bc«ii« %&^ . 
itctxvity oi ti*^ cu a.iXut a^^axti've ^&tu^2 XIA i..oi,*, _ oi

e*.owt; ^««v4.«, c^feii^e tttv-tuiA aays 0 
both : .' uecxii.ee to ^foio at



activity 0^ ti^u c-yauiue j.i*uGctsA nvt bytrctiu Ufcdinefc 
betv*een u&y& 0 ana £ in botn but rises steeply uetiveen aays 
p ana 11, Hit; increase after day 5 is isuoii greater in 
the full nutrient roots*

i''i£ure8 22. k> and i>4 pieoent tue jitean results irom 
t*o experiments in wnicn tii© ox^^eii uptake per section 01 
seven da^ ola roots grown in full nutrient &na in iron 
deficient meai& was juoasurea in aii ana in the preeeiioe oi'
10 i<; . cyaj^iae* xne actual Values are preaenteu in the
appendix in Table 20* Une rates 01 OJ :̂ O©IA upteute per 
section 01 toth ^roup£5 01 roots in &ir &ie lea^on&bi^ 
8J.iiiiJ.ar to txie prevaouBi.y e&tabii^neu rates lor similar 
©even da^ old sectioned laaterlal* Tne roots usea in 
particular experiments were sii&iAtiy suortei ti*an bei'oi'e, 
especially tne iron deficieiit ScOiipie. i'ni« is tne reason 
for the low rate of oxygen uptake i*i section 6 of tae 
aeficieiit series*

..*.-.- ^ vi'cent inuibitions pi^esenteu iii i?l^ure '£$ enow 
that tnere is a i'ar higher sensitivity oi" tne oxygen uptake 
to u^anlde in sections 1 ana 2 inan in tne rest oi' tixe root. 
'xhere is> ait»o a sii^ntiy increased eejusitivlty in section 6

COIL nared witr; section > f 4 &&<* 3» Tiiere is no differ*
ufeuvve^* "u-v. ^-cei^t JU«nibitioxis ofctainea wita full 

nutrient ana witn iron aeficient roots*
In Pi.;-ure 24 tae relative proportion of tne oxygen u.^- 

^i^o^ — t»y cyanide sensitive aaa oyatiiae insensitive 
in tne different sections is snown* In botn groups 

01 rootB tne activity of tne cyaniae sensitive ays^em is 
Jtd^n in section 1 tava aeclines ~oo a lower value in sections 
^§j>f4 ai^oi ^>* iii tne plus iron loots tnere i& a pi'onounceu 
rise *... section 6. '-.at amount oi ta^Qx^ 0^ uptake uu«^ uu u

rises frou section 2 to section 5
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groups oi' roots. iiie rise continues to section 6 
in ttie lull nutrient root** but declines in tne iron

roots. The low values in section 6 oi tne iron 
roota i'or botii tne c^aniae sensitive aua ineen- 

si live G^sttiiiis reiitcts mainly tne a^all amount 01 tissue 
in ttxie section t
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(4) ixelative Fit .....0$ of iu.totie r'i^uiess in t^ 
oi ifuxi Itutri&nt ana iron

me e&rj.Afci e-x.peii.utiitb i.ave ^uite clearly 
tnat in ine absence oi iron, cell aivlsicn virtually stops at 
or about trie seven ut^ stu^e, n.e iol.iowin£ observations 
v»un _ to utiteriuine wnetner ceil uivi-&ion is iiitenupteu 
at aiij ;juiticuit.r &i-age of tue ^i^otic c^cie. Koot tips 
iroiu iron aet'iciert r-.na i'iAj.1 culture roots were examined 
ai'ter scvu** utiu ex^v^i ua^-s 1 ^iovk-*u« v cuiu 'i^t i^i 
bers ox cella in tne aiiierent i^itotic piiatofco were 
Tne results w _ tiiis aurve^ tae presented in ralie 
t-uc ^umbt-r ox cfesiis oi eacn ijuitotic puu^t ii^is L^UIA 
ae a peice^ oi tne IOILU. coucit oi norivacuoiatea

A t cia^ 7 in the iron uencient root tip^ tx^e ii 
Oi u^xjLt, AJU j^jtupnc-...-..-^ u.^>-* Uietupnt. ;..--« -,^. ^. i ^-.uutju w 
ana tne numbers oi cexib in tclopn&su anu t, e are re- 
aue^a to a quartei 01 tnoke f.-i-ebC'nt in tne corzu&ponadUi^ 
j&rtotic £>ta^<&to XAI U^AV J.«X^LJU i»uoja.wA*u ^.ww OJL^'^«

in iron aei'ieitxut roct tips uitex 11 ua^B tiie nuoitoer ol 
ceils containin, , iaitotic iit^a'cs ia zelativel^ ie^u TIALJ;A u*e

j. A. J.A u^^ wcj.jLwj.WAt vxpfc> iio^. seven aa;y ola roots and
ife ieL^j ^iic^i tne number in elevert ua^ iuil nuoritnt 

tips. Hie c-leven aa^ iron aeiieiei*x ti^s contain pxuc^i- 
calj.,)' A^O c^ij.y in t^iopnaise ana anapnafce bui soia 
ana uietaxviiaats ceixt ui ; e pi'ea^^t. int; p^ict-a'ia^t. Oi 
in tiie uii'iex^nt iiAiiotic stu0e& ia ver^ &.Liiiii t.i in botn 
CLUVI eleven sia^ full nutrient tipb. lio^e-ver, altnoutji no 
actual couivta \vere i«iaue 9 it w^^ oubexvea tnat oi.t. totui 
liUaiber oi nonvacuolatea cella \vas mucii reauoea in lion ae» 
ij.wj.^^w uipa ttnen co*up£a^w. ^it** tne number a present j^ full 
nutnent tips*
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of Mi to tic F,
Cells of Hoot . >f ±

Interrhase Prophaae Metophaa* Anaphase Telophaee
- c -fi;:o -Fe

Sample (lj 1610 1570 ac-
14
17

^7
39
34

1 oao

'vision

19
22
20

MM*- -**, —— i^-——

2
2
3

6
15
13

a
2
a

5
10
12

Sample (1) 97-991 96*496 1.217 1*659 .543 1*(1) 97-991 96*496 1.217 1*659 .549 l«l£3 .1*:2 ot>, ! *122 .JJ07
(2)9---4c6 95-315 «230 2.12L *3!)S 1.1- .133 *W -133 »545
(3; 97.965 95*35(! 1-031 g.GOl .636 1.177 -191 .763 *127 »7o6

96*131 V 1*181 650

11 .^Jay Hoot Tips

hjnyjl gjlon ..^ •-_

1* - *6l6 .

le 1
iS ^
U;(3;

1256 1571
1587 159'
1463 I6jo

6
4
5

24
31
33

4
1
2

17
22
26

o 7
0 11
" 13

1
0t-

a
9
7

Pewj9_ntey?e of .'?«». qh Division Bta^lft

.iamole (l) 99*

jfjl:
«*•»"! ,"i^* r- r *>131 90.5i>f>
63 fi 95*620
5-3 95 085

.473
:lo

1.475
1*860
T ;":'"'P

•316
.063 
-136

1
1
1

•< 1. 1 5
* 320
* *^1«*

- *43f> .079 •US>2
- .660 - .540
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(:>) lion
experiments weit. carried out to eatabli-^ nnetiier

aauition oi iion. In tnuse exp^rim^nta all tae xoov re 
cultures irs.itj.aily in iron ueficient zseaia, ana tr.rn after a

ox unt, roots Vvti*i tx cji^i ci i t;u to iuc^xa con- 
wuiie tue otn$r nali wexe trax'isi'errea to a fresn 

oi iron aeiicient medic-;.. oot8 were grown for 1 9 b aiia 
11 -:-v - xn o, -. uoaencfc 01 .iron anu 4 aay^ were alloweu i'or 
recovciy alter xney nad been trauai'errea to ireei'i culture sol­ 
utions. 1*11 e results oi tiit-ee experimcnta ai-- preaeuted in 'M3&4

ola v»eie tiauwiciie- to plu^ ana minus iron m^aia ana al't&r 4 
any a tuey were narvestea. i o&surements of len^tu, total pi-otein
nitrogen <^iu uwvj 0^a upta*Lt, j^er root v«txc iiiaae. iu^re was 

cleax-1^ a lecover^ oi tne iron aeiicient roote waicn haa re- 
ceiveu iron in tnie experiuttnt* 'iiiese i"oota were longer, con­ 
tained moie protein nitrogen ana n&a a **j. w ..*«-i rate of oxygen 
uptake pei root ana per unit protein nltio^t^n* 'i'ue iion ae-

toote wiiiCi* nad beei. transierrea tc a fresh minus iron 
nen aiialysea were ver^ «*«.,*j.i*J. o v WA .V. M<«J *^ ^-on ae- 
xootb wuicii xiaa been anaiyseu in ear±i^r ex^er 

in tne next two experiments wnicii were oi simlla. 
Iron aei'ioient roots were Buppliua witn iroi* , *, aa^s y ana 11« 
In eacii cast? tiiere- v^aa a reaponae wnen tuts iron a^iieient rootw 
were plauea 111 a plu& iron i^eaium Miexi CL. ^ .. ea wiu^ tne roots 

wnicn naa been placea in e &ijma lion iiiediuui. xhere waa little 
incieaae In protein nitrogen in botn tii^se experimc^ta ana tne 

leaponae was in ter&a oi' iei%tii anu x^et^oi' o^^en up- 
uoth per loot an« ,y ^i ^^ , ^iotein nit^w^v,^ ithou^h 

tnere waa an u ivocal recovery of tue eleven aa^ xoote wuen 
placea in tne ^slua iron meaia tae extent 01 recovexy nere v*ae 
ieuo uw««* * « wae at 9 ciaya wnlou in turn was Iefa8 tiiuxx it was 
at 7 aaye,



T^BLE 4. iron Recovery

Expt* Ho* of Mean Protein K Op Uptake 
Bo* Roota Length per Hoot per Root

peritaot (pg) (cu.nisylir) 
(cm)

Fl^e ~Pe r-Pe <

02 Uptake 
unit i rot*H.
per jag* Pro t.X?)

C 18
7..0Bya - yo

.1333 .1233
1237 -1309

126.6 167.8 17.28 2fl
11*2*8 157.5 17.67 2
136*9 163.Ii 17*08 20*21* .1247 .1
ll«8,7 167.9 19.59 22.38 -1317 .1331
13 rj*9 182.6 15.76 21.!..96 .1126
129*6 150*2 17*37 19*70 .134

2

Mean 2h 2k 6*60 6^4! 137.9 163*9 17*U7 *1266 .1307

9. -"Fe then. 1+ ^-

18 174.2 169.3 16.66 22.66 .<
166.8 193.8 16*56 25.32 .1113 •:
l€6,8 171.7 16*90 20*14.0 .1O15 .1138
176.6 171*7 1^.70 20*33 .1115 *

Mean 16 16 6.61 7*91171*2 176*7 17*96 22*20 *105o *1256

11 ..then,

D 18 203*6 191*U 22.3U 21^.^2 .1097 -1213 
171*7 13U*6 17.UO .. , *lu!3 
171*7 171.7 17.6" 19.-:--9 .1(2; 
152.1 193*8 13*05 22*99 *0888 .Il;i6

Mean 16 16 6*75 7.7t4 17U*8 177-9 17*62 21*14 -1008 .1186
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(fc) ^vt.,,4.ca^

oi Iron .Deficiency on ti*e Overall Growth of Koots 
a) j i'ter culture i'oi 7 aa^a, &rwtu in ien&tii ceases

and tnere it? no i or tile* *ucreasjt m tnc ^u^^x OA c^xxt> per
4 UU l>«

b) 'me pioteii. aitro^e-n content oi loots in aei'icifcjnt 
media is iov^ei V*,,.K ^ „ * M in fiu..*. ^wu.o.ct c,w / uia^-c, uuw it 
uuiA^inufc^ to iiici^aafci I'roiu txie aev^it^* to 
on tue eitvtiAitii ua# tuc^ piotei^ ratio. ̂ n content oi 
root; is iovver tiiai. tnat of

c) ^s.t aja^" ^ tii^ rate oi' ^j^fettn uptake 01 
roots ib xtsi th^ii timt oi' control iootiJf ,.-v>

7 ti*^ A fat«s> ox o^^yii upttawts ox tiOtiA ^roupfe oi rootu 
ease cun&iueiabijr* In tne auseiicy 01' iron tu«re 

iittle incieti.se iroit aay 7 tc ua^ il, but ov^r 
periou v.c^c ^. , i.;..x 0c jLiiCi^a^e in ti^e j^r^b^uc^ oi' iron*

a) iiieie xe a si^niricai^ reduction in tiit rate or 
ox^en upt&Ke pur unit oi«tein nitrogen atter 
in £~u xj.u^ uui'ici&nt ^^ujiuu.* *-c i^cc. iuc-^a^e& to aa^ 7
tut a^ciin^s attepi^ iro^i cia> 7 to uay ii« 'mere is no raxi

Dein^ in tne i"~uii liutiitint ioote y u eteaa^ rate utai/ittiiiieu, i'rom .

me avfcia^e pioteia iiitio^en coxit^nt pei Cfcil is tn«
groups 01 i"OOt» until aay 7> but tnureaitei1 tiiere"til 6j.arge increase in/coni,u^b per ct;j.i in t*^

roots.
i1 ) me aveia^.e rate oi ox^ fc eii uptake per ctiii is 

i^, iron dericici^u Auota &t aix ^Xis^A-^ y.v^cpt ^obb^ol^' at 
li wnere it is apparently ni^ner,

i'iiere is no si, liiiicmit dilierence in tn^ invertase
b at any sta^e ox



n) mere is no difference ^ u..^ two s^ifa u* loote in 
relative sensitivity 01 oxygen uptake to iO~^ «u*a io""* 
v A», nowever tne amount oi ox^gea upttutfc ateuiatea by a 
ide sensitive s^steaj decreases froiu aay 0 to aay !? in 

botn fctoaps 01 10006 aria tu^reuiter 
In tae at/sfciice oi ix oii uui i,aorea&&& consiaera&i^ ' in 
presence oi iron.

i; iut laxative frequencies oi iiiitotic ii^uxes are 
iov.er ii, a&iicieiit txiaii i- control xoot^ t,^ t/gu* u^e 7 
ii aa^ 6ta^e£i« In aeficieBt loots wnen eo&parea v^itii 
tioi roots tutue aiij reauctioiib in t*nti x'requ&&oie& ox 
Aetc , se ana propua&e nuciei taia iui^e reuuc 
frequencies or anapna&e ana teiopnase nuclei* l(ne reuuc~ 
tions wez« x^x 0 fer &t aa;y il tiiaii

j) i.oots &rown in iron aei'iciezit ii»eaia 
to a cOiiipitst^ uieuiuui at (ieve 7,^ ana il recover ana

^towtn* 'iiA^ c-iut^it OA uuw jLtvCOV^x^ ii» ^i'tja1ut3fc>t at 
t ryaoi at aa^" 11 * in a lour aa^' peiioa of recovery tne

itlaxive cuan^e occurs in the rate oi oxygen uptake 
little cnanv occurs in ^

ui irun jjeiici^nc^ on ^i^t ^on^ituaiiial i>iii't;r^ntiation
oi oeven i>f). Oiu jrt>& Koots

a) xeiJicient roots na/e a s^ail&i number oi ceils in 
sections i ana b tnan ao roote iroi^i a complete ii>eaia« 
i'nere i^ a laa.,...v increase in ceil nvuaoer pfei auction between 
necvions 2 ana 5 in botn ^roupe oi rooia*

b) Xue avei-a^e volume ol ceiia in lut terminal centi- 
iuetie ^^. j-iC/A* uei'icienu roots *^ significantly Aij.^ 
it la in ti«e ecu responding section oi lull culture

c) Ine aistiik/uxion oi protein in the root i& iilteieu 
aeiloiency at 7 aaye %nen compai^e^ wiW ^uots frofe « lull

me uelici^nt roots nave a ni0ner content in 
seciions If2,> aria 4 ana a iofcta content in section 6*
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a) There ie no eixect oi deficiency on tne rate of 
oxygen upttu&e per section except in auction o in wiicu it i 
relatively iow t

e) 'Hie rate oi' oxygen uptake pea ««,-. v ^rotein nitrogen 
snows* a continuous downward trena from section 1 to section 
6 in tiie lull culture roots* In tne iron deficient roots 
tiierft is & large decrease in tais rate esp&ciedly in section 
4. LU."C i^x^o in aectioii^ 2 ana ;>* i'ii^rfe is very lit tie 
aiii'erence iii tae rate in bota ^roupa oi roots ii* sections 
4fb aria 6,

i; j-uert ai'C- i&r^e incre^&eb iu tiic av&ia^e pio^eiii 
lAitro^tsii content per c^ii in auctions i t <£ f > aiiu 4 oi tne iron 
deficient root^ and decreases in sections t> and 6 when com- 
paribo.1-;. c*i"t iatitt^ v.-ii*iA iuii cuitui't. ioo"&45« in u*e xuii 
nutrient loots tne trend is from a very low content in sec­ 
tion .L, liicreaoln,; steeply to section 2 &ore elovkiy to section
5 i. • -.0£aXAa to wefcJ^O.^ JUU Mt-UUlUil O*

^) In deficient roots tne rate of oxy&en uptake per
cell is iii.-;Ber in sections 1,^',^ arid 4 ana lower in sections

u ti4.tui Iw a.& X^A AUJ.X vaJ.'Uuxv; jt.uOt&«

In tne iuli culture roots invertase activity is 
in section i f uecieases to section 2 ana
i^wi w vj. ie&iu cox^&tant* noi^ 4.*&*.^ js.^Ut>4.<^ 

eflect on tnis succfc®sion»
i) 1'ne sensitiviiy 01 tue r-ate of oxygen uptake to 
^ A**4.J.C'j.'o*w J.- i« ^ivateei *-. section A <*..*« considerably 
in tiie re&t ol tne root. mere is little or no 

between tne t%o seiies



77

AS iiiuicatfcu in iae intxo auction uie effects ox ixon 
deficiency \veie co-pared foitn t^ose of another cation, 
magnesium • The effects oi magnesium deficiency were 
analysed in a second ^roup oi' e*per:uft<*nt8f tae results of

art pre&enteu acre.
**- tite Btscona group of experiment s9 pe& roots were grown 

lull iiutiiunt ana &a&ue3iiau aeiici^jrit ik^uia* ' 
uiquee utiea in tne puiliioation ana preparation 01 tne 
n&ve been aeacribea elsewhere. In this connection, however, 
it i. . ^ no tea Uiat ma^i^sium aelicienc^ ^a«a inauc&a 

iiiUt>it;Biuii. sulpnate in tne complete laeulum 
exULphate at tne rate oi' 36 ^0 . ^i tnib aalt per 

litre Ox cultuie iluia* i'ai& sub^t^-uation nece@Ba2~ii^ 
incxea&^a tii^ total potadBi'uu content oi tne iueaium ana u^e 
effect of tnis was examined by adain^ 26 a^, of potassium 
sulpii&.t& per litic to a coiiipxete medxum wuica already con­ 
tained tiie noiiiial supply oi taa^nesiuffi sulphate. ;lhiB trt;at- 

no el'iect on ^rov.-tii. liie aaaa.tiorial pi/ovieion 01
uiu nut ufcpi«Ju« ^rovsrt-u, taiu WXAC restricted

sulpiiatti ia oalttea way •unerefore be 
attributed, entiiely to tne absence 01 ma^zitibium iroiu tne

in tiiib series 01 ^Ap^iiia^nts a aifierent <•. i^ of 
seed \»at> used, but of tne Baiue variety as tuat in tne iron

moie xapiu, aua in the staxiuaru proceuui-e tne 
pariou couiu be restricteu to 4^ noura*

ec wy UJL — ̂ j^^cyxtuu ^uxj.^j.t.iivj uii 'Uue Overaxx
of Pea hoots

wexe taicen at 0,>,!? > 7y^ ax^u 11 uays aurln^ the 
experimental perioa ana si&ilai £^nulyses to thoet; oaixied 
out, uu i«uc xioii clefic^vi^ series were made* a.-, these



experiments tne estimation of invertase activity was omittea,
•An^ uu-a^xcufc series 01 results ate &ivt*n in tne appen- 

oix in i'atdes pi to >6 f ana a si, ^ is presented in 'i'utw ™ *

5, tne values oi wnicn are snown grapnicai.^ ^ ..iguree 2
tO .A,*

ii0uie £i> snows tne mean iui0tus in rulx nutrient ana 
magnesium deficient mediu. xne first difference occurs at

the luix culture roots. In contrast to tne iron
roots trift ina^nesium ^ir^ficient roots continue to

Of &rowtli at or about tne 7 4ia^ starts*
Fi^ui'e «^6 anow-a tne total number oi' cells ut-r root after

ft ^ *f *t" tf*TT*tf**lrl*t' If^5^Y6 "! O f% * 13 i • ' 'T'Otft/lT f **i"*- i * ' i F >"• - • j v i-" * *..;•/ f »*»>

OCGUJ.S at 7 da^s wnen ti^e iua^iesium ueiicient roots n&ve a 
lower cell number pel root tnaii tnt full nutrient roots* 
h& Ui uiiv uc-j.xwj.caib caiu tne control iuui,t> ii^uj 
in total ceil number b^tweex; da^s 7 and 11, butw * *

between tiie two also inert, ,. In tnis s^iies of
ments botju ^*c v*v*^.v;ient «***u control roots increab^. XAA cexi j(
nuiiitei' appioxiiaatei^ lineai^lv tfctv.e^n aa^sO anu 7* mis

• i

5 increase was not found in tne previous 
ia^ pnaoe between da^s 0 and 5

exception oi 0^0 e&X'Lj diflei&ncc , Wi^icn iz^ciuute tne 
ouvious aii'ference in tue ave-ia^e c^ii nuiuber per trp in ' 
two series — experiment., . . ^eneral growtii of the full 
nutrient I'oots was similar in uotn cases in terms 01 avert 
cell number per root*

;,gain in Figure 27 siiowin^ *Ui& totti^ ^-otein nitrogen 
content per loot me iiia^n^sxuia deiicicmt loots tat first si t 

lower tiitm u*te full culture roots at tne aa^" 7 
.<, :,rotein nitrogen contwv w^ *»**v wc^ ^wsium•>" v^* **™

ueficient loots increases approximately linearly from dfi$ 0



tneie is a stepper rate 01' increase in U*e lull culture 
roots. in general the aveia0t; protein nitiO0e& contents 
are ... Jier in this series of experiments than in the earlier 
iron deficiency experiments, and, in addition, tnere is no
ic 0 pnase between aay u ana day 2«

Figure 26 8ho» *A^ the total rate of oxygen uptake per 
root alter airier eat periods ox growtn is ver^ eiiidiai to 
ii^xue 27. Tnt £tb^uediu£i deiiclent roote nave a lower late 
at the 7 da# stage but there is a continued ixicreaae between 
aa^e 7 sifid 11 • ine ox^ 0ea uptake per uiiit pxotein nitrogen 
is bjio^n in ii^ure k9» here the O fcnc-rai trena 101 the iull 
culture loote is very siiailer to t^at etitaolisnea in the 
earlier ^^perimcnts* lueie j.o a steep decline in the xate 
between aa^s 0 ana > ioliow^d vy a steaa^' iise wnicn in tiieae 
eApt;rinent© continue^ until aay 11, but whicn in the earlier 
remaineu Qoii8tati"u ^i^fcr aay ^» Ma^ticsiuoi ueiicienc^ in tne 

brings auout a aii'ierence in the loots even at tne
stafc e nr. Uitjy nave a significantly icv,f:.r rate of

ptsi uuit protein nitrogen* i-ruiu - . . ^ tiit late 
01 tne ma^ntieium acfioient roots increases ^rauualiy to aay 
11 f hut ?-?.t till ota, es tixe late is very much lower tnaii' tiiat

J s^ov^s tne trend ox tne aveia^e protein 
nitrogen content per cell. Ihc trend QI tiie full culture
lOOtb 1.U felo-XO tiA^/WA XiiioiA WfcU. dt:-XJ.UiCi Uj-XXtiO U.AU— "UtiU w fOUXlCi

in the lirst acriee oi experii&ezitfi mostly witn leep&ct to 
this day 0 Luiu aay > values. in tne pre&eat experiments tne
total J.IUL; wuc.oJ.on Was lOW fcUtiu C-LX wx*c vulue0

210 ^icrooraiae x 10** per ceil* ineie appears to
be ixo effect v/nicii eaj. be attributed to 
m thi& ctiot &uiu uitr tjiij^ht increase ux utie lu^uii VUJLU&S of 
tt*e ^ -biuw aefioient roots at day^ i# and 11 IB certainly 
not significant.



L.u<s ciitu%e& in u*e average rate oi 
up^&ite per ctii, here a&aiii tiit; liuctuaiiorib
out tneie is a consist<?-tiy lov^er rate ol" 
y<±± UC-JUJL xii uic i^ci^ciaiwa a&i'iciejcit i.-oot&« 
01 .uaium ia ciearl^ aefinea at toe 7t^

ii aaj' uai': vests. On tneae occasions toe value® g 
v>-ith ma^newjLUiu uelicienc^ tu-e el€.ai'i lower tocuri 

a



HOOTS ~ •-.:.. .KY OF OTQHS HOOT DATA.

values from an experimental series which involved
a treatment of 1 ;,agrjesiuj3 and harvests of whole roots after
growing periods of 0,3,3.7,9 &na 11

3 5 7 9 11

Mean Root -?'£ 2.93 j.^o 6.31 7*6o S.k./ 
Length (cm) ^ g * u 3.26 u*06 7*07 8*39 10.32

Cell No. - g fc86 f f,'15 552,265 626,736
/Hoot 4, Mg 396,875 ^39^339 551.875 661,111 765.ono 531,596

ri*otein K* -Mg . 95*3 Ii2.!• 121.2 1JJ/.7
/Root (ug.) ^Mg o-**^^ 9^,1 Ho*2 127.4 151-5 162*1« *«»• < »i- •»-

02 Optoke -Mg 12.20 H|..9i' 16.18 18*26 20*00/'toot ir.16
Ui 15*15 18.58 22.6)| 25.95

/unit -Mg -1280 .1326 .1533
*rot. !•!* .15^35
(cu.mrr^'hr 4"g .131^ *1375 *ll 5B * 11^95 *l6ol

Prot. . -Mg 211.07 203*8 1")2*9 
/Cell £ 203*6

>«U 2uu*u 192*3

0^ uptake ^g 2?ou 26098 23 .86 2?0 , 2?J , a
30.6ii 

+wg 28.72 27*lil 27*B6 29*57 31*12
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OJL oiuiu jjeiiciunc^ on tne
iii oi ofcven A/a,y oia lea roots

It is cieai Vuat , -^biunu aeiicienc,/ i 
overall ^rov.u. w _ aetacnea x.v« ^oots withi^. t ^^^, ^^ the

fexe oi a biiiiiiai oratfi 10 tiiO&e i «- 
lion cifciicieney. In tne c^ et ui iion deu 

; overrili crum^es weie no. j.... t ^ ^i uie 7 u£
, .. ouiiu wnoii xne iui*^,i tuumai 
loots was extuiiineu*

lull cuiturrv- motf, v, c-rfe fieJ'Vt-'-RTei'' r.t ? o

apex, ioui replicate tjjtp^riia^ntjb ^eie con- 
uuctea ativ* in eaen ^utjaeui eiu'-nta oi ceil number, culi volume,

vOIlttiit CUiU XUV.C UX W-A-j __. Cil U^ tcXXw^, ^.CX ijCU

iufccjji vulutb oi tiiefcfc caialjatb, i,na Ox ti*e 
su j,uantiti . ..rou* tiieiii, aie &6Sfeji-,blt^ iii i'ablfc b ana

in

..-J. V.A

b.v. evil
in latlt-s 'j( to 44. 

pei bection in ioot& ^row^v xor
| 'v>

In t 
nae no ei'iect on tn«c it.ib.tivt; niuubeis 01 Bectione

.«- 01
JLO iooii.>. cultuie

iiit-iOfo.se

oi ceils in section i is 
*i- auction t.

./ Aii0nt,i tutu tne

Btctionu us pi v

tl Ol Ct-ix lb t»li««lita tC

tnt?
ei" " «". -^ t- • ^i.

vc.oo.lteXifc!U



with w.v ^xxierenctt u*4»t tne Cfcxxa oi section© 5 &nu b in 
ootn groups 01 roots aie considerably lar&er tnan tne ceils 
of sections I f 2,> taia 4.

• *o**^ te ^4 anot.._ out; iuean proiiein nxiro^en cor^ent per 
section in tne two groups, .uitsre IK 2^0 uixiereiice beiweeu 
the lull culture ana ma^nt;iSAUiii deficient roots iii tiit 1'irst 
two st,wwj.wi^ cuo w^t; uei'icient roots are ui^ 
;>,4 atAti, ^ aiia iowei in section 6 &ivin& a puttera 01 
ti ii^ution ver^ similar to th&t obtainea in tue ct^ee 01'

i*uuAi^«i,j. ptjx BUU tjiun* xne uiat/i-ibution 01 
in the iulJ. cuituzfe roots is identical witn 

ottainea in ti*e previous experimental series.
e j^5 8*.uv, sj UA^U uu ucu. rate oi ox^^^n Uix^u*vv^ 

» eeiuiu cx^arx^; ei'it,exs tne 
the rate or ox^^eii uptaitt in

end 6 substantially* Once c.ui»xn tne XUX.L c-ti 
xutntical with taat estauiisnea in tne previous 
On a per unit protein nitrogen basis however, tne rate of 
ox^c»en uptake is aucn ^oie uiilforial^ disturbed 
ox iiia^ne6j.um. I'nib is enoiw* in ii^ure ^6 xroia wnicn it 
clear inat tne rate ox oxy^eii uptaKe per 'ux^it proiein 
xiitro^en is unxiorrnly reducea in all sections ol tne 
ael'xcient roots. ii'ue ^eneitJ. posxtxon wxtn tnt lull 
is a^ain sxiiiXxai' to tnat est&biishea eaiiiei^ out tne consis­ 
tent effect oi' ma&nesluiii ... ail sections is oi

>7 presents tne data for tuu average protein 
nitrogen content per cell in ti*e aiiferent sections. here

•

Uiere is no consxstent efxect ox' &i ^iuii aeiicxency ana 
tiie treiid i& tne eaiiie in botn tne lull cuituie ana ti^e 
«*,.0ne8iuiii aellclent roots* 'ine bejueral succesbion 
to tnat eatablienea bel'ore aa taere XB a io\^ content 
piotexn nxtio^en in tne cells ol tne iiret sectxon, a



but i'aiiiy uiiiioiffi content in eeiie 01 sections 2 f > ana 4»
and iinall^ IP, <u»uuj.i iiu-^iux COntiCJiu J.JU wit; (jcjua.^. u,*. w

5 ana 6.
I'ifeUre 2& saowfc> tae average rate ox 

per Cfcil iii -uiie aii'feretit sections* IIA tut; 
aelicient roots toere i8 a ^eiierai lowerin& 01 tae 
per Cfcii in all aeotions except tue iast t but tae &eiieral 
trend tiirou^x^uvw w^w xength of the root is siiailai* i& botu 
tii€ iuiJL culture and tne magnesium aeficieiit loots. I'ais 
trend is complex in tuat taere is aiA increase between 
section ^ —a eection 2, followed by a steep decline in the 
succeed!^ sections wuicn aot;y ^ot coiitinue aa a pronouricea 
rise ie xouna in tne rate per cell in tne xaot tv.o sections 

• 1 •*••?•' tne exception tiiat the final rise occui's in the last 
sections iiissteaa oi CIA!^ tiie last section, tiie Oeneral 
a alon^ tne full culture roots in tnese expciiiiients is 

similar to tnat eetablisiied in the first



T;; BLK K
•M>«Mku<5H|Mi» \J «

.]iie_._<Vf.n-Vf jffisjit,} X'.M''i .Itv/yj A, tiij *** > 'yj-. V.'.a. iji -A >_JL_ Jb.v.?X^j!i*^J i.V,/ '•-* A. __J>*'.t <»J!*

liean vulueo rroca an experimental series which involved 
treatments of + . ueeiuia, a 7 aay growing period^ ajnd hurvecta 
by auctioning.

1 2 3 ** 5 6

Cell KQ« «Mg 76,901 57,382 B6,302 13«**W3 139*739 111,351* 
/section >Mg BO,781 51,130 72,560 108.5.^1 121^197 1B6.089

Oil Volume -Kg 38.20 75*97 77«U7
1*2 *K> 77.17 75-98

T^w ^k ^ 4ta "4 %% 13 ^/ ?r *"Mg 9*008 8.7U1 13.U25 22*6li5 30*1*29 32.077/Section ° _ .^*t-fcg 9»!>&6 7.661 10*551 17.7U9 27«lt39

02 Uptake «ag 2.01*7 1-617 1*893 2*673 3*171 3-328 /Section
1*312 2*361 3

02 Upte&e
/unit -Mg .2277 *1355 .1^06 *1203 .loidf -1033
Prot.K*
(eu.n3r/hr -fMg *26o7 .2190 .1729 .1J*V,< .1^61

Prot.N* «ug 117*2 153*9 136.1 167.9 219*3 287*7

02 U '^ ; -e
/OcU -Mg i!6.60 28.56 21*96 20.08 22*63 30*23

31*02 33.63 2^.95 21.74 26.53 29
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O) buffiiaary o^ caesium i/eficienc^ ^^ suit 8

of ^a^nesxum .ueficienc^ on tne Overall tfrowtn of
Roots

a) .-.t 7 uays length **, iesa in tne magnesium deficient 
than it is in the xuii cuxture ^cuiuu. 'i'neie is no ab 
cessation of ^rovi/tn^ana lei%tii continues to incieaee in 
aeficient meaium after 7 days aituou^ii the uiiieience between 
conixoi anu aeiici^nt experimental aexies ai^o continues to

-, -. difference in w, ** numbers is iirst apparent at
7 ua^s* xvOtn e&zies increase after tnis sta^e uut tne 
ailierence between tne two also inoreases.

c) me aa&e general situation is snown w*itn protein 
nj.\,i.o^en anu v\i'&n rate of u&y&vu uptake pfci luot ae \Aitix 
celx liUiiibeiB.

a) ihe rate 01 ox^^en upt^Ke r/er unit protein nitrogen

cultuies iroiii aay >. -juuereuiter tnere ib onl^ u very slight 
^ractual iiicreB&e in t^e rate in tne absence OJL iuae/iesium, out 
a CGiJ.oxu.c.A ciL/xc x^^oreabe v.iito.. xu xo ou.^/^^xvu..

e) 'inere i& no si^iiificant effect of iua0nesiui^ on tne 
average protein nitrogen content per ceix.

in iiaa^iesxuiii aeficient rooty* Xne effect i& lur^^at at aa^ 11.

OA ^a0i*tesa.uiu jjejLACAcnc^ uxi unc 
entl&tion of ^even L»&y Ola

mere is no efiect 01 ma&nebiufii aefrcitnc^ on cull 
nfcei in eections 1 ana 2, but tne values 101 j&tctiuns > f 4

^ uc .uj.^.ucu. uiicai giJLOct xOi conti ol iootb« j.ne nua- 
ber of ceils in tlie final auction 01 tne aefici^nt roota is 
laucn iov.er than tiie ntuubei' in tue coneaponaia^ sectioii of
fU-LX iiUCxXti*0 JLOOtS*



no efiect ox
per cell in any oi' tue sections* 

i) me protein nitrogen distribution ifc very
to tnat oescribeci for cell numbers per section. Ko el'ieot

1 tjaa 2 but &ii inoreaee IIA bectioiisi >,4 ^n.u t?>
section 6 oi Uie aeiicifeiit root^ waen coil*-
iuaX roote.
ox ox^eii uptaiit- per eectioii is reaucea 

1 waa 6 ol uxts adicitiit root© but not alter -eu

a
paiea with

in 
elsewhere.

ia
rate 01 oxygen uptai£« per uiiit protein 
reauceci in ail eection& o£ 

deficient roots*
1) rTOtein nitrogen content ^er ct;ii.

all sectioi*a oi tne two groups ox loots,
EQ) Tne rate oi oxygen uptake pel" cell ie leauced in 

tnfc ^u0nfcaiuiu deficient rootb in ail ibection^ excepi in 
section 6*

in
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>-c-i ±b* uu is
Jlj 'i'ne iuifect Q£ teolybaenuffi .ueiiciene^ on t^c ^rowth ofwifcven I**.../ oia i/utcuituxeu rea ^

The i'infeJL aun^ ... ..Apex iftinte invoiveu an 
oi tne £*ofctn oi pea roote cuxtiuea ixi X'VLLJL nui*iient aria 
iftoljf-'baeiiuui aeiicic-nt ^euia. Altaou^ laolybaenuia
to be €8&entu.ux J.UJL uit; ^iov^ii oa. i3.i0iit;i ^>iaat& 't

aie eAC«;eain0ly low, aiiu cui'^iia ^ux-ilicution oi 
solutions %&&> necee&ary to obtain i-oots aei'ic- 
^j.&^.wib« -^u& j./i oct-uui c u.iJt,u XOJL tuc* pui' 

01 oiic iiiox^aiiic &alt oo^&titue^tB ^a& iuiovui to 
xeauce U*e ievei oi luol^ bcienum conta^iiiatiori to such 
extent v,...v lontato 8efcuiiju0s.< «vi*«xi ^rown in U*esfe aolutiona 
biiowea "Ui** 8^iiiptoii*8 ol iiiolycaexiuffi uex'ici&ncy wiUiin two 
of tran&plaiitin& (PosBln^haxL 1^54 )•

tile US6 w- ^w-^ii ^-WJ-JLAAC^ ooxa ua.Uiiiy Uii-L^
eiiCfcb a.ja tut length oi pea roots &xovu* 

in iuli nutrient ana ^oiybuenujui aeiicieiit CU±LUIC .-tiaitt were 
recoraea eve/i ai'tei a ten ua^' cuifux^ ^OJLXUU* 
«xperxii«ii;4ut8 v*er** oonauct^u in which iiiateau oi 
tips cut irom the- roots oi ^t?x^inat^a se^ast x-oot tips uere 

irom roote wnicn **^v been ^rowii i'ox 10 uu^w xi* cuitur-c
v»nen 3ucn X'OOt tips were ^uijcuitui-bu in iuxi 

uuenuu ueiici^n'i. meaia 9 & cleai aixi'eience in length 
apparent aiter a ^rovai% periw^ v^. / ^c^«>«

"Uiie eexies or experjUttsnts root tips cut 
pta aeeaB were cuiiuiea lor iO au,ya in Tali 

in molybdenum cleiici^vv «*v -•- tu*u WXAC uu.*tj.iiietA 
cuu xruiu 'ijUfc&c iuotb v*ei't b*uuoujLt.uiea ior a iurtner 7 
in iuii nutrient ana xuol^buenuta aeiicient tumult* reepeo* 

tively* '''nest eeveii aay aubcuj.ww4.wu



ctdl volume, protein nitrogen content &ua tne rate of
uptake per section were measured in the coriespouoing

both groups uj. iuoutu i±iu *ucts** vuxuefc iroin 
three replicate experiments are &iven in Table 7 a*ia tnese 
are pre& exited graphically in Figure:* ><? to 4>. 
results ait; ^iveii U.IA -Ui<s appenaix xn rabies 45? to

snows ine cell numbers per section in tne 
sections of the full nutrient ana iuolybdeii 

...^ uAJa^iuution OA u^xiu A*I the i'ull 
nutrient "but KUbcu-it'ur'ea roots is ol importance as it 
from the uistribution 1'ound in trie iuxi nutrient loots ih 
previous two series wx vA^vriments* bection 1 contains a 
xelativeiy largt number oi ceils coitipaz'eu to ti.ie numbers in 
sections ^,j>»4 and 5# Taere is a large number oi cells in 
section c, k,u* this ©action on an *s vera&fc measures -•9> cm. 
in contrast to tne one centimeti-e of ever^ othtsi section. 
The normal distribution 01 cells in tii^se roots theiei'ore 
Invoivee a terminal centimetre oi' fct,^-w ceils but thereafter 
tneie IB a relatively oonstaiit number oi Cfclis per centimetre 
of >^fOOO» 'ihe molvbaenuso deficient roots nave the same 
number oi' ceils per section ir« sections x f ^ f > ana 4 when 
compareu with the i'ull nutrieni roots, but tuere is a reduced 
number in sections ^ ana 6*

xne average volume of tne cells in tue different sections 
is sno^n ih fi^uie 40. ^-olyuaenuiu aezicieney brin^b about 
a eii^nt xeauction in toe average volume ox tue ceiie in ail 
section^ w- the root. 1'he trena in botJti ^roups 01 roots is 
similar witn a low voiuiiifc in ©action l t I'oliov^a by a more 
or ies© conetaxil average volume per cell in bcctiuns* <i f ^ f 4 ana 
$ 9 witii finally & alight increase in section 6«

In ^'i^uifc 41 tnfc t2ei*a in piot«a.& nitrogen content per 
section is ^iven* 1'nere is ao feiftct 01. laolybdenum in

-*v* 4 ^u-& once a^ain tnere is e XtouuctAu^ in
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UiU-UO J -.ivU C VUAC'-U CGi~^i*X£U ViJLfcn Wife XulJ. JUUi.LJ.wnO

x'ne noxiaai distribution ox protein nitxo0en in tne&>e xootts 
uixiere xro& tnat in tne previous series 01 experiments as 
there it* i. ni^h content in &fcction 1 uui, tuexeai'tex . -•-- 

but uiuiorm coiitent in sections 2,j>,4 atia t>« 
rate& 01 ox^ 4 tja uptaitfc per section are snown 
. iifcxt, juiol^ 'uaenuja aeiicienc^ exerts ii cuju^ 

ei'tect. i'Ue rate is reauceci. in ail sections ox' tae root
in section 6. In Figure 4^ tne rate ox

Ut'U Ul^U jjJt'X UiiJ. U j-iOt&Xix .-XtlO fci*

estfebiianea, continuous aecream in the j ate 
ol ox^ 0en uptake per unit protein nitx-o^en Horn section 1 to 

6 in
eu^cuiturea xoote* ine rate it» coliSib^eiiti^ lovvi.i in tne

tne 
ueiici^nt rootB t /eii'ect Dcin^ greatest in

i. ^-. vA^^lerences ** A sections i> aiid 6 01 Hue two series are

valuer for proteiii nitrogen content per ceil ana 
rate 01 ox^^en uptaitt; per ceil nave been presented in i'able 6 
but tne^ are not snown ^ra^nicall^ 9 axnce tne r-eeuits in botii

axe variable* ^xtii protein nitrogen pex ceil there 
lit tie aouut tnat molybaenum aeiioiency nas no ei'iect*

*xne ijituation is not clear witn respect to tiic average xate 
oi ox^f^en uptake per ceil a^ tiiex-e is a ^ii^nt reauction in
•Uie molybdenum deficient loots consiaereu as a vnoie, aria a 
consistent reuuction in sections i f ^ anu ;?. ^u^^^ fe 
axe piobabi^ vaiiu altnou^n tne Xaigc variability ox tx^ 
results witn eectiona 4»t> and 6 obscure© tae situation,



.(,'j ROOTS - SUMWAgg OF, |KCTIv, ...... HOOT

Mean values from an experimental series which involved 
treatments of ± molybdenum, a 10 day period of culture* followed 
by a 7 day period of subculture and harvests of the sub cultured 
roots by sect ion ing*

1 a 5 it 6 Total
Cell NO. ->,o do. 603 3tu6uo 37,6if5 33,iit>9 27,971 Wu*63' 258,1*33 
/Section +ico , :• 33.629 3U.269 1*0. 017 Uo t 723 59,969

Cell Volume -Mo 33*35 S7*¥?. 91.63 96*ii7 91*07 127.SO 78*6$
2 105-39 108.10 :<2.fx- K>3»15 139-37 91*98

Protein M* -i--o 10*967 7-275 7»6^3 8*187 6*376 11*1(2I4. ^2 
/Section ^Mo 3.0.928 7.179 7«W$1 7*A|.6l 5*112 17.1*c»3 5B*56o

l-lij-9 2*603 10*161

02 Uptake
/unit _: 0 .1917 ,1792 .1636 *1536 .IMiO -1U52 .1635

/cell K * ~m 136' 6 ~n * 14 2C3 * 3 " 6
(jig. x 1C"6 ) -*MO 137*0 213*0 217*6 JJ:9*3 200*1 298*2 203*3

OP Uptake
/Cell -a 26*37 37*73 33.03 38*05 3U»29 38*38 33*08

Mean Hoot Length (cm)
10 Days Culture drowth -»Mo 9,56

10*22

7 Days Subculture Growth -Mo 5*92
6*93
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2) buauuar^ of j/ioij uucnum .i/eiiciency

a) Tnere it a slight reduction in tne length 01 roots 
cultured for 10 ut^-s; i,a u iuolybdejauffi deficient &t;ujiu*~ f wuv, 
a consiaexabie reduction in tne ien^tii OA roots tiubcuitured 
foi 7 ua^-B in the stunt &eu3.uau

c. iUUU USSiS ill "Uite.' beV^JSi UU^i iiUUwUJ. CUA

roota tuere is a reduction in totax 
^o"Qal pioteiu nitrogen content y total rate oi"

^iw VL-<L~ ct v t;*, fca.^^ VUiUiUt, ,- 1 - •> UtiXX»

c) AiOii0 tiie jL^n^-tn 01' iuoXybuenuot aelici^nt roota at 
sta^e tnere i& no onan:-.e in tna noxmal uietiibution of

anu. protein ^*oa. w ^ti* v-.w^-o a reductioii AI* ocu^4.ons 
aria 6» nowever tne ai attribution 01 cella azia 01 pxotein

** in Uie luii nutrient loots was cuiferent to taoee 
JTOuna in tne seven

a) liitj late oi" ox^^eii upta&e per unction i^ reaucea in 
ail aectione of ta© i&inua ^olybaenom roots.

'i'ne rate oi" oxygen uptake per unit protein 
ia reuucea in aectione l»2 f > ana 4 oi tnt 1'oots 
in tilt? molybdenum deficient i

of tn& Minua i&ol^ baenuiii roots*
j ,ere in no cfl'ect 01 iiiOlyLaetium on tiiR average

n) iutsxe is a elicit reuuction in tne average rate of 
uptake per cell in tne liist tiiree sections of

deficient iuut«»«
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liie rtieentea in ine last section v^eie
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auu rate 01 oxygen u^ta&t occuixea, u^ereas in tjue 
controls ^rowta occuri^a immediately t.ue tips were 

In tne culture i&eaia*
The mob** j.i*xly fcaeis 101 u.io (inference was tnat 

lion control loots weifc $rown iro^ root tips wnion nad 
cut i'rott seeds that nad been germinated lor ^ aa^s,

irom seeas iMiicn aaa beeii ^erainatea for only z aa^e. 
eifect it piobabl^ eiiflilar to tiiat aescribeu . .-••rov.,/,

iu. a proiiOunceu i^. 
witu ioii^ 1*0 cm. 

were tianaferrec. to cultui'e

oi' t,rowti* in ti^e two fcs^riee, tue eai'i^ oilier ence« weie 
itftairieu, aiict tiie ovei'all , .rov.tn 01 ti^e two aerieu \v

lor tixe i^icr eases iii l^%tii t cell iiuaber 9 protein 
e.-i aiiu rate oi' oxtv/ en uptaisx per root vi>ere mucn aa
k/ W C^Vjj^WW i»^ ^A V»iO-.A Ci >~^ JO UWi^i OiiC- t - JLi-w-J. V^CtSJ J-J

witiiout i tbtxaiiit, i'liese ouiveu were bimiiar to *Ui«* well 
^rowtr* cuives obtained vo.ui uactexial cuituxee*

w .- . . -.•--•.. ... .^.ivi.-viA was i'roiu u^j ,/ \,v - ,_ ;.. ... *.
low ex rai /x iiicrease between aa^& 0 ana ^ 
9 ana 11,

time expreaeeu ori a per uoii protein iitro0exi yaai£» v»tre oi 
coneiaeruble iitteiest. l*ne iargt initial aecreaae in tne 
rate froxfi da^ w ^w «^^ j wae uudoubteaiy a coiisequence 01 
txausierrin^ tite root tipe irom ^eriuinatea seeay to cuitiue

axe lirst cut iro& 
-ate of oxygen uptake pe

nitio&en, ana in Uii^ puaee tne$ are ^etaboiiai 
uroducts coutaii^ea in tne eeeae. .before Orowta can take 

4. A* tne cuituic iluia tiie detacxiea root tips must 
tneir iiititaLoiiaiu to tne utilisation 01 tue



simple primary substitutes contained In the medium. It is 
cou~~0 uiis period thai, the respiration rate iali& consider­ 
ably. From day ;> taere wets a eteauy increase witn time in 
tne effectiveness of root protein to catalyse the caan&ea 
concerned »ith oxy 0 ~« uptake. A similar series of onangee 
with tiiae in xnt respiration rate per unit protein nitrogen, 
was obseived by Petrie and \tilliajtus (1^26) to ta&e place in 
audan ^"ass ^rown \\itn an adequate supply oi' nutrients. .

i'ne invertuse activity, or amount of iie^ose I'or^^u xruiu 
a standard amount oi eucrose sub&trate per unit protein 
2iitroe:eii f of cultured roots ciiangea coxiBiaeiabiy vatii time* 
$here *&.& u^axn a ver^- lar^^ change uetv^etiXi ^.c^-o ^ c^o, > 
inuicatii% that aurin& this perioa the protein ox ruli cul­ 
ture iQot^s enanges qualitatively^ Tnere waa little further

activity K/et^fccii u«*^i> ^ ouu JLJL» 
uptake p€i ceil ana average protein nitrogen 

content pei cell trie two series ail'fei eu sli, utly. it ie
px U LUwjLi^ y .-w.-wVw-.^ u-,ii- w w*-u; UJ-'cii-u juii uu ui- vjut'&t; J.IAVUJ.VCU. <a

initial lull sjfctfteen aaye 0 ana 5, aau thereai'tt»r very 
little chan e.

^.i*t, iv-fcu-Ltto UJL wiAc uwu cAJ/W4. x*-ucrit£il ,-jwij.vo j.*i which 
successive one centimetre sections ox seven day old roots, 

tips cut froi. £ (ermnatea seeus, were very siiail 
ui^e wa- ^-,,v ^o^c-cted uistribution of 

cells alon^ the ien^ta of the roots. liier^ v»as & 
numcer ox cells in tne lirst section, 1., Uian half 
juuMiucj. jai uiit otiCwiAw* <^WM. iroia section *. ^ o^ctioi* b 
was a lar^e increase in the cell number per section. 
Brown aiiu Broadbent (i^t>l) i'ouna tXiat in pea roots .growing

ea seeas tnere wat, ^ ±^+^ *^^v,* *£ 
in the iiist four one luiliizaetre sectione, but there­ 

after ti.ere wafc» a relatively cone^ant number oi c*,lls per



icnutn» i'neir roote can be coneiacueu as a
consisting 01 a terminal ape-\ protiucin^ cells at a 

constant rate anu ao &iviii£, rise to roots wnicu contain a 
constant number oi eeila per unit ien^tn except In tne aexis- 

2 e^ion, i-nib clearxy is not tne case in. pea roots
culture mtaia. ine oiifc centimetre tips cut iroui 

inatea bteas eacn inciuaee betv*tifcjii 5UU aiia 4^t< ^iAOasaiiCi 
cells, bat c^e one ceiitimetre tip& ol seveii aa^ ola roots 
e&cn iiiCluaes only approximatei^ luO tnousana cells* it 

cit;ar tiiat ov^r ine eevta aa^ * ^tai periou 
_ . & lar&e cuari0a in tae eiae 01 uie apical r»-. 

^, aoiie* biiice ti^is is ^iie case tae number ol 
pai'ticular eectioa juus^ tie 2 aeu as reilectir% 

eiae euia activity 01 'U^ i atiii^ region at tae tiiae tiiat 
particular section was ionaea.

IJG, roots ^1'OM'i i'ro^.> root lips* uuu xrwiu ^uA-iuxiUA'ucu »«:cuut 
tlie ci, ,8 in ti*e apical ^cristea vatn time tire so iar&e 
taat t:,c numbers of cells in euccea&ive sections 01 tiie roots
Cai'UiU w kfc UOiit»iUt.i cu aQ repreeeXitii^o a oc^ucuiCi; J.AA uximc;#

liie pro0r«t>tiive a . .a in cell number between stJC^ioas 1 ana 
t> ao iiot represent tne caan^ee with time tnat nave occxureu 
in Bfccticu* u. 1'aifc uvixclusiori i& li^ t>0Acw^uAiu wu.w* Uie

by i.iciiaias (iS?^4> mat tiie onuii^ea betwecui 
leaves 01 piaittb uo not repreeent tue cnan^ee tuat 

occui ^.-* uu*c xtfajL. witn time.
xate uiatrxbution ol cells in ti^e i&olybv. .,A coiitrol 

roots supports tne coiiciusion tnat tne uistribution 01 ceiie
uo. uwltLireu xwuts is iia."iuenctju uj "biic ^i^e 

ox tae ter^j.nai meriatem, ia« jaol^baeuuiu con­ 
trol series, wnicn v^ere seven ua,v ola sut)cuivuiea roots ;-,rown
11 Qiii IOOt tlpti uuo iJ.u*u wv;** \Jic*^ wlu uutltUI'eU IOOC8| nuu a

.*iial one ceaticietre section containing uppro^imcittii^ 100 
tnoueana cells. lliie wus tne aame numoer ol ceils as in
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tx-c terminal one centimetre eection 01 ^ oia cultured 
loots ^rown i'roia root tips cut iroxa ...... +um

control loots therefore aaa ^ ^ airly constant 
bection containing, approximately 100 thou&ana from 

0 to aa^7» &na tneee roots also naa a relatively constant 
number or cells per unit len&tn exceptsss^- in tne **eristeuiatic

ine ci. . ^» in tne protein, nitrogen content per section 
in tne rate of ox^^en uptake ^ei section feXt; also in-

J A tne ixQxi controls ana && i^m coiitrole toy tne 
c in tiie sii^e oi" tne meristem. l'n«y &re in contia^t 
to tiie cnan^e& iouiiu in tne aiolybdenuia controls where there 

OA* content 01 ^xutein liltro^en anu a ni^i rate oi' 
^ ta*ce in tne liist section, but thereafter a rela*- 

tively couetarit value per unit jLen&ttt oi root.
^e3pit« WAC fei'i'G'Cta oi tiie meriateiu ci:i-u,_int_. in &i^e, 

tnt Uata from successive sections oi seven ua^ ola loote 
never tnt;le08 give sose jLadi cation oi' tne ntmn^ee t^at occur 

JL^C uwaiAi0 CCJLJ. aevelopiaeni. ixi^x'fe ia clearly a veiy 
increase in tne average volume per cell witn tiiae* 

ini& 16 snowu "by the dillerezice£» between tne Bvera^e voiuaies 
ox CA*C C^J.AC J.AX section 1 anu i*^ctioii ^. A similar la 
increase in cexi voiuiii^ was ae&onstratea t^y Brown ana

(1^>1) to occui between xne apex ana tne five 
e point in pea roots ^Towing attacnt,u cu 
in tne iron ana mi ium controls* t^ere vtae an 
Increase in the aveiage volume oi the c^ils between 

sections 2 an%* v> ^^t in tne molybdenum controls tu^ average 
voluiat pei' ceil was constant i'roui e action ^ to section i>, 
It ib confciaeifca th&t in roots ^rovvn irom tips t, uirectiy 
j.xuiu ^tiriuiaatea seecie tne first formtv. cells navt & greater 
c ity for e. ion tnan those fonaea suLoe-^ufcntly. 'ine 
situation is ver^ .... liar witu respect to trie average protein
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nitrogen content per cell* Inere ia a lar^c 
initially as shown by tne eaau&es between sections 1 and 2 
in all three experimental series. The apparent, increases 
in tut average protein nitrogen content per ctxi 
sections 2 ana 6 in tne iron ana mi ,ium controls 
probably due to differences in the size of tne ceils forueu 
after different periods of growtn. it is 01 mtereet tnat 
in tne iron control series the average protein nitro&en con­ 
tent of tne cello in section ^ oi er-v^r-, aav nir; roots is very 
Siiaii&r to tne average conttuu^ oi xu^ uexi^ in uxe initial 
inoculum, indicating tnat only sli&nt cnan^es occui witn 
in tne protein nitro^eii oonter.t of fuliv expsmdea

prestnteci eviaence to eao^ tnat in root» of pea ana broaa 
beati growing attained to tne seed tne average protein nitrogen 
content of the cexi^ in t^e fir at it?w i^illimetree ie? low, 
t*i are ia a snarp incr^t-ise in the content as tne cells expana 
ttno a Blir;iit decrease in tiie fully expauaeu cells. . 1'ne 
itwuuLuti xiu^ wit; iuui^' uu^juuiti coiitrols f wnicn xjiore nearly 
approximate to a aeries in time, snow tuat mere ia an initial 
lar^e increase in tne protein nitrogen content per cell, uut 
thereafter tills ia relatively constarxt wiu** vime»

Tne ciiant,es in tne avc rate of t ~n uptake per cell 
in t^e different sections of roots oultureu irom germinated 
totstuw ale owii^itJA ta*u oni^ j.n -;f-jrt represent tne 
time in an avexa^e cell. 'lilt? ai^n rates oi tne cells in 
section 6 are probably asfcociated with tne iact tuat tne^e 
ccix^ v.cie -..^ciui^ett v,-ith the iiiii.*,,.j. inoculum. i'nert is a 
close efjidlurity between tne rates or oxygen uptake per cell 
oi tnt cells in section 6 oi seven day ola root a and 01 the 

^ j.u Uit j-jtiitial day 0 tips* 1'ne cells inciuued in tne
inoculum are v^ • ceils, nave a ni&n protein 

nitro c en content and a hi&h rate of o>y, en uotex«s v»iien corn- 
pax uu. wju wi ^AA^ ceiiii actually
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tne iaeristeu: uo not, Buufctaritially aiter in tnie itspeet tne 
i^r^c OA i/rotfciii tau.cn is roriueUf iuiu ofeconul^ , tnat enfcsn0ea 
feitn fc^e in tne activity or tne piotein are not iar&e» 

Inere were, nowever, large caan^es in tne overall
vio^ 01 ^ne ^iotein &IQU& ^xie ien^tu 01 

oia cuituzeu ioois» In uotn tue ixou ana 
control £ tnere v^aa a pioc r*?©Bive reuuction in the late oi 

r \t^,c ,. ci uiiit piotein iiitrOfefeb iroiu* bt?ction 1 to 
6. A feiiMiu^x cnan^e occurred along, txie ien^tii of 

coutrolB inaic&tirig tuut tnis cnar%e i£* not 
ciiangin^ &i2,^ ol' uit iu&n&tfiuu in tne loot© 

tips CUK, i'rom e^^^kteu aeeae*
it ia coneldeiea tn&t tiie cnan^es iii tiiti elieetivfcnee8 

«i til Vv^xwii «,^c loot protein catei^ee^ overall metabolic 
x^ are afcboeititea Kitn tnt u^e oi tne piotein* 
ana bioaacent (19^i)t m tiitrr VvOik vvitn L»e& roots

uti.\i**u-\* to ^cri^lnatcu ueects, lounu xibtxt. cxiect 
oi tiiti^c OJL ce-ii uevtiio^uit)nt on respiration* 1'nt^' uiu 
Una bu.i'jt t;Viaence tnat tne it a,e oi ox^^en upta&e p«r 'unit 
protei*. ^xio^en wae iowti in Eierieteiuatio c^lie tntui AIA 
au^^ua.fc c^iiu* int yx$&vjn% ieauixs Su ,\ taat one aspect 
or c&li aevtiiopiiient includes a progressive rbauc%ion in 

oi' tne; protein iox overall iae-taooiiBa alter

in muicn tne bun^itivit^ 01 ~&n& rt.b- 
01 pea root^ to inxiibition v^itn c^aiiiae wae mea&urea 

ui&cub&ea xn ^i^ater atitaii v.ac^i conbiu^iiji^ tiie 
oi iron aeiicienc^. ^t tnis uta^e it is or inteieet 

v percentage infiiuitlon by IG*^ ... cyaniae 01 u*ic 
uptake or pea xoot» tip& 9 cu^ iroiii ^cjriurn1..tevi 

oi tne suii-e oxaer a& tutt lounu b^ .umae^aran 
wneat root tips &UAU t^ iienaerson ana ^tauiier (1944) ior 

root tips.



outBtandi*^ leature of tht experiments was the 
in 'tne b^nsitivit^ to eyaniufc Oi tnfc oxy&eu 

01 pea roots with increasing a&e. fi'ne sensitivity oi
roots wa« taucu ie&& tuan thfct of -toot tips 

lion* feeruiiufetea. seeds. I'uib eituaixoa ib similar to 
aescribea oy ,, aiiifcs (lb!?>) wuo iiiVtBti^utea tuts s^risitiV-

^^ trie o&^c,eii uptari- or fc&rl'--v root tips. 
in boa^^a embz:i^o& Oi i>t*ixfc^' oo/. 01 tuu rt;-s-

ou tne c^tuciaome a^steiiu, but in root tips 
ten aa^s aevelopmeiit cytochrornt activity is not

a.-.^eai'S tu&t %xifc ovvj.x-uj.1 ' 
rooty, iiK^ u*et oi barley xoot&, becomes 
depeiiue.it on neavy M€tal s^steias with time*

*iic ictouxts Oi tiife eJ(.peZ> iii:<&i«u&> AJ-* vi.uj.vji* tJtlfc ssw.i-c'4. tl V j. *»y

to cyaiiiae oi trie oxygen uptake of successivt? sectiotifc* oi tae 
roota was? uea&uzea inaicate taat the teruiinal

Xuuco UAic uiUi iio vi^Aity Xto A i-i iuw»i c os*i8itiVX tw

ifc*uuinijr% sections oi" tiie root. * sitoii^r result
i,y berry ai*u JbrocK Ci^4t>) waeii they jLJUv^sti^ateu 

tivity to cyaniae oi tlie respiration oi onion roots. 
li xo CLU. be a&&umea tnat tae c^aniue sensitive iractlon oi 
lespiiation is a &ea^uxe oi tne activity oi tne cy 
cy tocA*roMte oxiua^^ oysteuif ^^. ^^^sent results may be 

l'ui"tner eviuence in favour o* tnt oonciusioi* 01
t tnat quaiititativeiy cytocniOffit oxiaaee appears to be

effective teraiinai oxiaaae in iueristematic tissues 
ai*a to be responsible lor b^ iar the l^r^ebt p^rt oi tiie

batisxactoiy eviaence oi tne activity oi 
oxidaee in the respiration oi aauit plant tissues

mucn raiei uiiu eviaeiioe 01 iv& tVbbence 02 non-piatxcipation
1 

uaore
lab w ^ riefc w^ observations wuich pioviae 

on the &ro»tn oi 1'uli nutriurit rootu %ere those in wnicn
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uata asse^Lifca in tne previous sectioii enow 
iron ueiicitjney pioi'uunuly ai'lects tne &ro«ta ana develop­ 
ment of excised pea roots. 1'nere was no x'urtber increase 
in ctsii numbers anu only a sii&nt increase in l^n^tn in 
roots cuituiea in iron deficient iii^uia, alter a ^rov»in^ 
p«rioa 01 7 days. It is clear tnat in some way iron

<biiijLj aiit;eti» cell aivi&ion ana 
re^uit iia& not b^en uebciitea utiort, However,

ooeeivea tnat waeat eeeaiin^e ^ro\«j i^ t lowing 
cultuie solutions require aix auequatfc supply 01 0.1 on utiioie 
Ctii aivibion aiia ^IQV^UI can proceea* lni& author nas not 
presented any ceil number aata to auppozt nie claim tnat cell 
division ceases unuei conuitioi^ uj. ixon deficiency « 

a.iiMtt«;uiat<* reason 101 tne suppression oi cell 
in iron afclicient root^ alter a . ,rowin^ period oi
o J.CT iiOt ClUcil * «vU c^'i. t'-u-iiic, ux w^i w-». uipb ^.ui tj^c

eiioiee 01 ceils in tiie aiiifcxt&t ai vision 
tnat iron aeiici^nt roots at aays 7 aim il 

carried many ceilb **, w*v i»wa^ee o.. ^opnase ana 
tut very i'^fc ceil& in tnc s^a^eb 01 anapn&st axxa

it-suit i*ay ot; eviaeuce ti*&t iron uei'iciency interrupts 
process oi cell ^ivlBion c,u BOiuu ^oint ..*. 

01 z&tt&pna&e ai^u anu^nas&« nov^evex 9 i:iovv^i 
worK y louna tnat «nen calx ai vision was stopped by eitner 
aariaerobic conditions 01 by tne presence oi eyaniae, many 
Cfelle in tne stages oi propnasfc ana ^c-tapuase regained but 
no ceils in tn^ sta^fcts oi auapi&bse aiiu ttiopnase. It may 

once mitoBib pio0iebses to the sta&e o
continu<ab tniou^i to ooi&^letion 9 anu tiie 

u*ay tffcreiy lAiuicate tnat nonaal cell aivision



presence 01 &QWV eeiiB containi*/,,- mi^otic 
in tut tip* ox eleven u«=cj vxv iron deficient roots, wnien 
nau ap^ai fentljf etopped increasing in ceil numt/ei f was our- 
prising xt ic poesiuie tnat a slow rate 01 c^ii division, 
riot lar&e enou&u to ., v v*ctecteu ^ tne eeli couiitir% tecn- 
ui^utj, v*L:.ii occurring even at tais sta& e« £>ucn a slow rate 
oi uivitiion may navt» been tiie origin oi tne ceils containing 
mitotic i? i&uree. it is conaiaerea txiat tnis possibility 
is uniAitteiy euia tnat i^ ia iiore prot-abitii tnat *nea ceil 
aivitoion is interruptea toy iron a*»iiciency,some ceiis remain 
in certain pnases oi ^itoeib for an extended, period of time.

jjutnou^n iion ufciici^nc^ az'-re&te c^ii uivision in some 
way t tnere is no ^vmence iroifl tne at^ta tx^at it restiicta 
tn& proce^b oi ceil expansion* In tne aucceaaive 
oi seven aa^ oiu roote tn«? volumes oi tnt* cells iii 
poudin^ sections oi aeiicifcnt aiia lull nutrient roots are 
similar except in tnc ten;;iuaJL centimetre. In tnie 
tne avcxu0u vux^u*^ uo. Uic ceii^ in "Uic upc-^ oj. ut 
lootij ib cniii^acea by tiie ciicuai&uauee tuat division is 
ana tne succession oi small non-vacuoiat^u ceil© is not ceiri

vxaence ciuuj.^ indicates tna^ 
restrict ceil volume, ai^u tae

increment in tne lene,tn ol deiicient rootb alter 7 aa;ys can 
tc, uucxi^ucuu uu uiAC continuation of ceil expta^iuii i^ u 
eyateiu wnere cell division nas cea&eu*

It w^e oc-eei'Vea tn^-t al'ter tne 7 d^y fctfc^e tiie tipfc oi" 
11 ou UWIJLCXCA.W aoote became swollen and obvious!^ u.eu.xoriaeu« 

exte,ui*ive nibtoio^ical examination 01 tuese tips was not
nit 7 ana 11 day old deficient tipe v*ere difeseettu unuer 

a t;inocuic.j. ^j.cro«scope. li'nese xoot tips were ov.uxj.teii 
immediately tenind tne ape* and tnie rt^ion contained

wniie tnt meristem was ^reatly reauoed.



Vtil'j £»J.^JLJL4*i tO W*

Cariton (ibw) 101 &inc Ueiicit-nc^ la tomato roots. 
fcoijiei emphasised. tins similarity oi' zinc aeiicieitt loot
Ul £,'*.-• ..,.,* lOut tljJC- j.A'Uui ^viantb i/XCciUCu uv

acetic &ciu. me lurthu-i uimilarit^ oi
loot tipti eu^^ests ti^at LUCH a iiialioiiiiation iiia^ result 1'ioia
ewijr tJ- C«U CiuC^it W^XCAi WWU^w- GCJ.J- v^XV^.3JLOn t U W ^ul^XUC oliC COii—

tliiuation ox cel^ exptu^&io^. .uaiton coi^muei^u taut tjue 
n^i swollen 2,0216 reoultea x'rom un tj^ee^fc?ive exptun-

GJ. tiiV, CU-XX^ 111 U^AC It, tC.4. CXJ. UiC s.. L, OXUjui • ^.1-U.C; J.^.not 
ceil ^xaii&ion i^i^t>txictea it

ari auoriiih t^ oi'

content in tne d^licit^nt icoto cOiLpiaeu v.iUi the 
I\A!JL nutrient roots at auy Y» ^ut utitv^en ua^ 7

^' co «*, ^roupia ^^ *oots increases 
is aiiuobt a iintfca increutu in ^rotfein niuu^en 
aiiu aa^ li in tn& aencitnt rootb taiu t* ni e,n^r 

oi increase in the i'ull nutrient loots, u. 
pobm^ie tii&,t lion aeiicicnc^ uttb *.o aiicct eii^ct on 
rate 01 pxotfeln u^ntne&»i& &na tne lin ^nox^aae in tne 
d«iiciv;iit loots coulci r^Bult from a consian^ number oi sites

piot^xn at a con&»b«aii. iauu.
coxitain a &i -eater num^ex 01 ctfiiti tuxu txit»iej.oa.e a 

nuiabei 01 sites iox piotein fe^r^nc^ii. alter 
ti tuiu ioi' t**e uwiveu ^uar&tit^ * ^-.

biiows tna_t tnere iy no bnoi'tbge 01 ^rotein nati 
at the cei« -wVel in aeiicient ioct&, int itu-^e increase 
in ave*a^e protein mtro0t»n cunu«Mi^ ^ti ctii in 
loots Detween aa^s 7 ^^ -^^ maicate& tnat it is not a 
anortage oi piotein nltro^.e/i >-o sucn wnicn iioiitb tne ^ro- 

ol ctii uivi^ioii in aenuient loots,
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refauit tuat a uisturbance in one paxt 01 an
aiew ina^ bri*^, uoout metabolic cnan&es torougnout

tUl.lt *»y8te*U«

uata obti*ittea by jeossiiu , ... (lbi>t>) nave suofcn tnat 
iron aeiiclenc^ ...xtera tne qualitative composition ox u±e 
free fcnuu^o fecia pool 01 toiuc,to ylau^ t*i* well aa

to tax <^uujTitlty 01 aj,ino aciaw in tiit iree pool. 
Xioa isbor^an aiiu i eith (ib>t)4; aavc- si.ouii taat ui 

acia coitjjOfajitioiA 01 Uiu proxgij* iiciCiionb ifooi^tfca irow 
ieieiit aoiita 01 beaii roots vaxy euabiafcrakl^. iaue it 
posaibie tiiat *^ iron ael'icieut lootfc tjut tibiioriaal COHA- 

oi tne free a&lnu uciu ^ool iiuiu^nues tii« natuie 
protein vviiicii i& xoimea, ana u.u pbiticalajt f i 
abclic cuaiact&ristice ox the protein* i«o uixect 

evidence i» avaiiablt lor tiiib poiaiaiyility.
'Hie uata ^.01 inve-rtase activity per tuiit pi'otui^ nitro­ 

gen eiiOVk tnt.t iu tula one respect ti.e pxotei^» oi' 
loot© is ^uciiitatively sissilar to ui^ pioteiu oi xuli 

loots at axi ett,u^, .ui Uiti^oit luc uata
o.&e/ e>,periu,uiitis3 iiiaicate uuat iion 

no ei'iiw'ti ^-lA o^c juiivertaee activity ii* cu^ 
root. ,-- btu'-piiein& ieature is t-utst tn& lar^c Cfciis with a

tfelii coritfcjjit iii titfc tip oi tiii, ueHoi^iit roots contain 
vvitn a t/x^ii.* * A, vertaee activity to u**c. u a..** AUXX 

nutrient tips.
It ie aii xiupoitaiit i'tatuxt 01 TM.V aaiicitr-at conaition 

tuat wjueu al vision n&e v.-eased tuis uo^is iiOt jt»^i uut,i*t 
irreversible cnaii^e in tiie systeiu* sii*e cfctjsatioa ot 
uxvr&ion IB in a eeiiSt; oniy a suspension oi activity aria ;, 
a complete suppression or ti*e iiifccaanisia on 
oi ctjli aivibion aepenas. i.iis is eaoftn by ti*e rt&ults oi 
UitJ v. . - »*ts I-A v^iiicAA aencieiit rootb ait traii8i'ei*rea to 
u lull nutixv^w iitediuja after aivisio^ -ufct^ .... ... it is



, tnat mis treatment restores full activity : une 
ox loots cuituiea in iron aeiicient jneaia ie limited 

ooltiy LJ' a &norti, A! on. 0.1* vlevv u* 'w*ia zebu-*.* it 
is not Vfciy iiite-iy u^at tnfc t,rovvtu 01 iron aeiicient loots 
ie 8uppreei»eu b^ un &ccuoi\U.ution OJL to^ic buL^tui^ceb.

The oxyt,^i uptuKfc aata,noweve2 f do suggest u xeaeon lor 
tuts iaiiuie 01 ^rovktii &iia ceil uivxBioii in xoott* cuitai^a 
in ta* iron deficient liieuius. 'in^ ratfc 01 ox^^eii u^t&ke 
of iron atsi'icient jootfe waB Xower Uiaii "tuat 01 iuix nutrient 

ut ua^fcj > aiid 1>, ujiu Weifc it? no uoubt/•Ae
leuucee/rate ox ox^ a«»n uptfcute at a 

it stops ceil aiviaion. I'jue r%Bui^B 01 e^^^J•uan*ntB in wiiich 
vfc ox ox^ 0uji up^a^e Ox a^iiicicnt aau roll 
was iaeat-YUKju 111 tut; pree&iic& anu au&ence 01 
j.tit at ail sta^ifeb in ootJti &roups ol roots two terminal 

- v ftews arti; operative* A system iiibcntoxtivc to 
wnica woulo not contain aeavj ^etal& 9 aiiu a 
to cyanide Witicu unaou^tealy contains neavy
uucu ae iron* 'me cyaniue ec-XiBitiVfc; 

con&aponaa to tntj cy tocuro&e/cytoouioiuu
in tnj.c connection ^lixsi anu Btev^iB (j.^^b) nave 

recently shown that this system i& ^u^^bxtativexy xiu^ui tani 
in -u.u inspiration 01 pea 8eeaiin«^6»

1'ne activity O-L iwifc oyaiiioe ^ aeitivt component 01* 
resxjiration is constant in bot*^ ,.>o^ ( .o o^ x^oo, ixoia uuy u 
to uay > anu it increase** btee^l^ in botn irou* * ../ to 
aty !!• 'me incieat>%» in tne iron aczxicieiit rootL 1&&3

u.c xucreaee in the lull nutrient roots. ^itt WA^ other 
tne activity oi tne cyaijiiue Buneitive a^

in Dotn ^roupo 01 roota irom aay 0 to uay t>, xncrfcabtB in 
tne lull iiutricnu rootB Irom uay b to uL.y xi f uu»*

conbt in tne ueiicx^nt xootb ovei tne same



iQtfciX ratfc OX OJtyo**1 * U|*l»Uh.»i; Ox

is less inutt tuai ox lull nutrient xoota t.t uays 
ana p t tacite is v, buustantxal incrtia&e in u^ xate ol 

jx<unt .Luoio xiOiu uays > 10 7 **nu a 
7 10 ua^ 11, ii ifc cuu^i

ti*e total rate 01 ox^^eii uptfc^e tit aa^y ;• t 
t> but tilt c^LUiia^ tAptJi jLUit&tb »i*ovv luat tue

lifc total rate o* aeiicifciit xoote i& aae to 
tiie eyajaiafc iae«;aeitive u^ateib wiuc^ i43 not 

on iion.
u.u ikOis'i iBpoxta^it x'eavuic ox 

XB tx.fct tiifc-y wi*ow tii&t t.*ext; xe IAO 
iu W.IB uccxvjL^ UA Uit cyariia«

tiit; ueX'xcieiit XOOta* it IB OJL
uxvibxoxi &top@ at a &ta&«£ uettvee^ aa^'e i? ai^a 7

tae uypo thesis w»uu cell aivxeion may be 
actxvxty ox a c

cixcuiaatai^tial evj.cience la available xox
^**& coiicluaea tjuat Hi 

-a to be ^uuiitx taxxv^iy
effective oxiaeae in ib&riatematic tiefcaew auu to 
aibie xox by xax tae ita^cbt ^u^u 01 u*c o.^^ 
i*e reports tuat aatifoxaocoxy evxaeiice ox tut? acxxvxty ox 
cy ^ociav ome oxiaase in tae reapizatioii ox aault 
^uca it-ifci aiiu evxu&ftce ox itb auseiicc 01 .uoju 
xfa iuox^ coMt&on* uu. 00X6uwortiA ^l^^x) i^as buax 
woric ox many iiivestioatore w**o uave Siiown tliat * 
xxx^ coiiii,>lt;tt; c^ lociaoiae sy&ttu. x^ v atial xox &rovvui uut 
not e^beutiai xox iuainteuaace* In tuu uxaiit ^xl^^oLx,

it ixaa tr^ea ssiiO^^ 'Uiat cy to enrobe oxiaabt
veiy autxvc xn tne ^rowin^. laxva axiu iii tiit ^I'-o^jLu^ auult, 
but «ooa ax'tex pupatio-u viviicxi uia^auatf te^ijub t**t

*^ virtually out 01 action. A



tout) xounu uaiiifc ^ ii# %nere uuxinc, pupation tne 
insects wexe not aixecteu by tne j&noun jinnioitoxb ox 
cytoonrome oxiuabe sucn as* cyanide* but were very suscepti­
ble in tuc iaxvtix ta*^ t^uit ata&es*

it is possible tnat tne ete^utiiice oi ev^j-i^s is 
r^etricte tiie activity oi tae cytociiroE»e 
Uiifa xii vian nxr^eiua ceil uiviyioii ai^a 

however tnfe icsuite oi l*^ti fc-vperxiL^iAtb iu Vkiiica
i taie respiratioii ox tae uiiiferent acoiioiAS oi 

oia ruotb v.fcio &s&€o&£u ^UVt ^o ji^aicatxoiib oi.c.^
ox tae c^iuxiae eenbxtive ^^att;^ v,u^ iower in 

oi deiicitsiit loots tma* in uife tips oi iuii nutrient 
ruo^s• ix mti^ t>e tiifcii a ceriaxii liiiniiuuiu c^'tocuroiut. activity 
is r^^uiiea iox ceix uiVAQioa f a yii^iit reuucta.ou 
oeii uivieion compltiteiy , but x^ot ueilie, capabie oi

ircm xecovtoiy expfcij.iuciA tt> uave mioMi u^at 
^^riub oi aii JLXicreui>eu iate ox oxygen 
tiien the iecover^ in teraie 01 proufci

x taut 01 txie iiiux^ase i.u i-e^

oi iiwii ucxxCj.c^«, iooto occurred wnen xron wae aaaeu to
^ ib ^obtii^ifc laai tiifc r«»covtry oi 
^iie *it»w &yiit&c&i0 01 ct-ixb

when ceij. ujivis 
conax lions ox

ixiae, tue array ox ctiiiss coiiLa*iiii% mi to tic li^.ui c,*s ie
case*
upti^At data &xpi-&&8fcu botu on a ptx unit 

protein nitroo^^ tasxa ai*a on t. ;/er ceii uauitt ait axtjo oi
^.u-^AiXjixcanct? in icxc. ^XUA* uu vuc <,-xt,t't.Ait uyputi^ 

iceuite iroi** tne aevtn ttt-^ oiu roots union were



uucceb&ive sections enow tnat iron aeXiciency primal xly
eiu 01 tiie regions* contalrii,u0 newly xoriue 

cellb, Tiie rat© oi ox$ e^ ^ t-^e pta unit protein nitrogen
reuucea in tu.e xront -u*ree et;Ctxon& oi aexicient 

i but px-actxcally unaxxeeteu in tne last tuifcc 
TAt ».i^i*ci i'tate oi ox^fefeft uptbu.fs ^fcj. Ofexx of 'tne 

vue ironx etotiona 01 aei'icieiit roots uauoukteaxy
ai^txon 01 protein nitro^tdn in 

celia, l^ne trends witn timfc ior wnolt roots «iiow that iron 
aei'icic-acy reauctsB tnt average ratu Oi ox^^fen uptuiiu per 
CCJL! at .all bta^fcti except at tn<» UIA^ xi sta^t. Once a^axn

r€j 8ujL tB iro&i Wie ucctuauiatio-u 01 relatively 
nitrogen in tne u^licieiit rootu»

tia,e in i^te 01 ox^ 0en upta&e per unxt 
nitrogen naa t*o ini'lectiona* it is considered

^ at uc.j > u^u aa^ ^ aa t a uxr^ut eixect 
oi iron uei'icxenc^ ,lL>ut tae reauctions at aa^u ^ ana xl are
xn part a eonaequ^nce 01 tne fact tnat cell uivxsxon

e LUX pr
xnuict;tt;u taiiici iion aexicienc^ at aa^ 7 

rate oi oxy&en uptake per ui.it protein nitro&en oi' tne
tissues but aoeb nui> ailttct tnat 01 

xii tne baoit. s^ctio^a ox tiie loot. 'xuis exxect 
conneoteu with the tact tnat iion deficiency 

ceil uivisiou f &;u.t ro ^^ ax^o ue xelatea to ti*e 
location ox iron in tut tissues 01 aelicieiit loots, jj 
(I^t») iit-.s eao¥vn,uaii% rauio-actlve no,'*, tnat 
•uij.j.ti «xc*u--.Ao.4, ±* x^coiporatcu *iito mobt txbsuee but it is not 
&ut? SL queii tl,y tran&locateu Izoik mature to newly lor&ea tissues 
to any ^reat extent even unuer conaxtions ox iron deficiency* 
It is tnUii pO86iiu.t. u*i«ic u.o i»x^^ ox iioii aexxciuit roots 

touch lovver xxon 8tatub tiian tne iitatui'e sections oi' 
roots, 1'rixL- osbiuility could contrxtute to failure

ueiicient xooi& 9 uut xx t-uib vveie tiie



basis OA unc eiieui tn<s r^uuction in division wouiu
more ^raaufei thfcii was xouiiU. In eciuition, 

- uata su&^cs% u*at tne iron 
ni is ifcititivfcx^ abuxiaaiiii in
-~ coiiClusion it *.. u-ffiimaeised that altaou&h the data 

taiij ociita 01 ^Ap^rxLuci4~UB iii 'LI, 
ana c^ii aivo-aioii art; csjxeatea in 

roots because 01 , . ^otrictio^ w^ tne c^tocaioiae
^eiM, iUfcite At> JUO OiltiiUiVOCaj. pIOOA Oi Uiib 

iUUSt be jjQliilUU OUt Uicit Uit Cj-^iUt; S^iSl

... inspiration nas not b^en eaowii to be
sfe aiiu ti»^

uot be causal. j.^. oi>bciveu vcr^ auxupt ct^asatioxi 01 cell 
aivision couiu al.so r^suiu *. iron were & airect 001*6titu-

ixoi* were invoivea xu *u*& syiAUicsis oi 
nucitic acia. .uxtnexmore 
ifc-s oi" iron required ior normal ^rov.tn 

that tnii- txciiic^'u aas otiiv.^- impo-. t<—^ i^WiClions
t . .aticali in tne



ii tne present expeiiiufenxs tne ra^e oi ^rov.tn 01 
culture a in a <au,,iiesiwti aeiicifcnt lut-uiani . -i

w- ... v „. j. j . w o-o v. -.xwuifeu JL*I «•.. J.UJ.JL i*u.tl lfcl-.ii . 0 1 «.-' :.' •

<K u»ib aei~iciei*c^ leuuefea %.*fc A ate oi 0*** u e 
, v ^9 -au if-uacea tiie pro^eiii ttitz-o^ttii 

ctsli nuSiOer .<v v,cv f' , x w ^-v. **u t iii^.. Ui« .
tue ex^erAiiifciittu p^rioa oi eleven u 
iron aelicienc^y tne pri^ai^ eixect 01 

was a xectuctioji iii ti^.- rate oi ox^ 0eii upta&e. ^.t^ 
.ufc.8 i^ot Lt^ii xuco^Aiibeu ab «* coai^oiiciAt oi ajti i*.i*ov.n 
eikz^'^e ti^ait,.. ope^biive iu ^IfcAjuts. * u \,t,v 
Kason (i^>4) navts ci^eU tvidence vvn*..,. buo^s tu&t t*vle

accivator o£ t«t ica^t i^eive umt
oii^a^ai^ mfetaLoiitJU), aiiu 
v^itii —>, c,c*Livatioii oi t? 

ii*vgiv<=a in u*<s citiic acia 
it is cJLciuj.^ posfeibie taat tue eiiect oi'

on ox^^en uptake wae eetabiisiiea * t. 
concerned witii cajr^on^u^aie ^etafc-olx^**.. 

In tiiiii connection it is oi Borne iI*^,^jLe8^ u.at
:s ^i^p8) i'ouna tnL.t phot*pnorua dei'icienc,/ in 
j. euucea tae rate uu. cuibon dioxiue production 

pro teii* nitrogen* in tneir expfcri*ii*3iit& tiiej ioij.ov«eu. 
t; in xeoiiation vviti. tiiae in out ..

z aspiration rate per unit protein nitro0 ^n 11* ti*e 
;-;norus ;i&rits vi't,s lower tna-, t^f;t ci n^t nigii

c'- I* ti v. ••; ^UUAiU Aitii Vv.. ... i. ^»*u i. tt.«iu.J.iACU. «>.JL«,O L

i tiiae ovti a iuitner bixty da^b. ine race oi' tne
r, pnorus ,.!&.. ts inci er;i-,f-a consideiaci.; ovt,i tne s^iat periou,

i

U»t c . .. ^- .A.O^^*AUA Uo x t xiJ iUiOVUi Uiti I i.i*lb clt;u. eiit id

in caiboa^aiai,e mfctaDoiib^ si^ v\exx as oem con- !



in many ener&^ transi'errinr reactions* Tne eiiect
Ol L -.. -v .__!_'*!<; A ut; ueJtlCitnCJ UU twUC. X w- i-: A-t & CXw.ii itiwC W- i>c-/W

piantt vexy eimiiar to tne eiiect oa biuca ueiiciency 
on ti*e i fete 01 oxygen upt&ute per unit protein oi uet&cnea 
pea loots.

^ uoet suiviifoiiic it-aiuie oi laa^riesium utiicie^Cj 
was tiiat it per.^ittea ^rov\t;: in terms ox nev-. cell pioauction
tO CO/itliiUC a.Ui s_. J.Ui4.c jJCXJLUU iUJ. i*Ci UitW -L&I.C Uj. v^.j\.,cax W-J-—

wb& aepit'beea. rurti^er tiie re-auctions in ien^ta, ceil
f fe/iu r.-roteiii nitrogen in tne ^^eaiuiii aelicient 

rootb wc^ ^ v.!. c-^pi-oxiiuateij wic ^twuc oiaex t~Aiu w^ ^j.^^j.^^
ol ^xowtii tooA pl&ce in un eacentialiy o^ ceu sequence. 

tue &veie6e protein xatro^^ii coattni ptjr cell 
tiie sanie i/i botn groups oi roots. It IB 

probable tneieioie ti^t in t^iis cafae tne late ox ceil 
aivision was determined at leaet ptjrtially by tnt 
supply 01 piotein coiaponti^tB.

ine rate 01 ceil aivision wa» reauceu in tne 
roots but to a it as extent tnaii tnt; rate ox oxygen 

s tnere was i? coneiutentiy iowei aveia^e rr-tt w ^ 
pti ofcii in tne aelicient roots* iui& s

tnat once a, : feiin tne pi-ii&ui-y elifect 01 tAifc aelic- 
to re une t^e overall rate 01 fiietabolic r tivity 

ana tuiy in tui*i ie.btricts tne ifate 01 new ceil AOiu»4ation 
ana tne rate of piotei*i syntnesis*

it ifo conwiaei'ea u*st tAi: firt>ot on cell ai vision in 
tne&e «xptjriiiiCi*tfe wa« ^..tixeij iiiUiicct. it is ox 
inteiest tn^t \c-it:^on <,lij;?p) aa» lotaia tnat in 
deficient jL'raaebCuntia aeio&is is r<cnoraial y BK iie o 
abnoiiaalities between tnt bivaicn w o in a*et ae tnu 
manj onro^'.obo^e tabeii^cion8 ana bi ,s. . in 
nae iounu i^itotic anomalies in tne root tips oi Viei^ a..aba, 

were grown unaer conditions of a low ma^riesiuni supply



directed attention to the 
iact tjtifet magnesium deficiency interrupts division in

cells witnout iiiuuealately fciin^in^ atout a Oe
innibition oi synthesis* i.ere tuc~# IUL^O be mentioned. tne

r, o, -t f
otnta syi'fcuu po&iiive roas, ; iiov.fei an iiiiiitanon 01 cell ui vi­ 
sion ana e iesuj.tin v txueau iorii,atio*i in ca^ts 01 
aei'ici*-;ncy * .,*-. tnie eTiaence is

ib alrectl^ involveu in cfcil aivitoion LUI 
oi "U*e pxeeent eAptiim^ntfci snow tnattriife 

^ftR limiting xoi' oti>.^ - ^f-t.pbolic leact^mip f t a. sta 
prioi t^ i euuciii^ ine it

I'ne leeuits oi tne ex| ei iSients in wuicL tne lon^x tuuin&l
aii'feienilatior, of Beven d.a^' olu icote v,;>rj i/ier-auLrea are con­
sistent Hfitl,. ti-t, CO*iCXU81OIl tnfct li.^.^ACSsJLUiii UtiJLiyJLCJt

about an o slowing aown oi ^rovvUi. 'ine lirst 
sections 01 ti*«. -;ii^i<rit root© coiat&niea ^ppio-Miaateiy tU 
tibnifc; liumber ol celj.^ \,uv cori es^uiiuin^ ^tciiwxic. uj. i'ull 
iiutiient roots. Tne ei'l'ect 01 . eaiuiB aeiiciexi

t/ie overall late oi division was siiowi: by tne
oetween t^-.c CCXJL nuifibeis in see lion 6 ox mv 

ana lull nutrient roots*
del'ioifcficy nau no ei'iect on tiifc t./roce&»e oi ceil 
c^^ u*-^ c.veia^e voiu&fc 01 the cfcxx^ j.** c,.,t? ael'ic 

i'uli cuitui-e loots *ae ai. oat iaexitical in tne coneepon- 
, Bfcctions. 1'ne close siruilariv between trie teri 

jXts sections oi UGI^ ^x^n.c. &U<.M j, ^^.j. ^«i^.gj.xv^i 
L*otn iii leepect 01 ceil nu&rje* eiia c^ii 8l2ie t &u00 fe^te 

e iueriste*i» Oi botn grouse of roots wae reasonably 
A*io seven ua^ ata^e. ^ven ,. ^ wi^ CJ.^VV;AI uu^ » 
no visual evidence oi aonoii^ality in tne tips 01 tx*e

loots, &n<.* tneie was no evbeii,in,> bimiiii to that



aei'icienc^ uia nox uitei tne
tion 01 protein aionG tne ienetn Oi tne ioota t aria <*& i* con- 
be^uence the average protein nitro&en content pel ceil was 
tne &&&e in tne corrt&ponain& steiiont oi ueiicient t&nu 

i&nt ruot&« x'ae meaauies oi ceil, iatuuuei , c^i 
protein juitro&en show tnat ti*e aelicifcnt roots

to tue iuii nutiiciit iooi/b t at least over ti*t iir&t

however me^neeiuiii deliciency aiu coiisiaerbbly reuuce tl*e
01 ox^en uptake pel- unit piotein nitio^en a.t 

,, bta0e. Hit; rate •-ab uanuiuU^ r^auc^u. in ail 
oi tuts tseficient roots wiien comparisons were iuaue witii tae 
rt*i*<-^ ii* tn«s coil trBpoiiaiii^ sectioiifc oi iuii naiiicut ioott>« 
1'iiits result ia c, ^loic v^ita tne nypou«e&i& tnut 
acts priti^rlly as KJ-I activator oi4 enayjuie syetei<:« *UACI as 
A is. iiui/ uutuiu tu uj4.j ^wj. txcuiar ^eotioii 01 
coiiaitioiis 01 aelicxciicj tne iua&jaesiu^ 01 oiaer i.i&&ue& ia 
free to iiiovt? to newx^ iojtiueu tiebuta BO tuat t^eitj it a 
uniform concentratioii tnrou^^uat tac a.cii0 u^ ua w»c 
loots. 'int; &ei*^rai iow^rir^ oi ma^i^^ium coiicen 
tne ^^steia #rowa brings about, tat? uiiiloria reduction in tae 
rate ox W-^^<?A* u.pt&jte per unit prouuxxi Ai-iwu^ti* IAA L.JLO. 
tioxi^ oi tiie aeiicieiit rooto.

ineie ifc soiae eviaence ii* iavoui oi ttAti extre^.e
01 tulc> Cic-iii^ii^ juji ^'ju. i, o bibSUcu at? xiiil-i-iS tui.u -

louna a iii^ii aiurnai fluctuation in
of cotton ie^ve&f -.-Uu^e Ci^s>^) nee alt>o 
x^uiJAwiii cafi ce withcirfawn j'rois u**« ju*..^ b,.. j. 
citrub iruits to s^ucn ati extent tnfet 
can



ox «»-
experiments vvnich nave L?een eoauuetea to investi­ 

gate tue ei'itetu 01 & ueiittiujuw^ ux *auju«, i*ut«.iuxu cxt wi*i;y 
preiiiainta'ji , but Uifc^ ao iiiuiefc.te tnat uetacnea pea roots 
oulturea iu n^uia u.euia ctai i>t o^tainea aei'icieiit iii

. w* the ei^tiigc <aiown \u ^« co.w,wj.i~x xui the
Ol XiX^lteX r lc*at&, JOUOi^ UueiiUto its le^ailtu x£i

£uuouzits f fcuia in tne j^restuut lii 
loots wez-e only obtained alter tw»o ©ucceeeivt v 
It vip^eatb tiitt oiit ce^-uiiiietr^ root tipa cut 

& contain auiiioie^t ^oi^ba^iunA to 
roots 101 approxiiaateiy teii

i^ilai to u^u oj. i.cu*ii^ taia otieet 
turee auoce&bivt; uip paeiia^et. 

u> pioauee laol^Laexzuia aetici^nt tomato roots*
buiVt fsiAperiluCUt.&i V«U6r& <u ^a-O^JU^ pteliOU OX

ubta t ueiicicnc 1̂ 01 ^oi^'Lueiium xeaucea txie 
pel xoot, tiie ct;li number ptr root 9 ^u«s protein

t pti ioot ^uia liifc iaie ol ox^^en uptake per 
loot* Co&clubioiis iroia BuctL preii&iiiar.y uatu ai 
apeculutive y tui it is probable taat tiie oo&ervea 

tr i*o t/ jLi-itxatfej. t- u ^ixiuui xeuuction J.XA

iiuve Ktiov.n tiiEit ^ aelicienc^ oi laoiytaenu^ in ni^uer plants
Ifcc-Ui-- UU U ^ t,au.w wXUii li^, t*i*^ CUiiU^ib Ox ^XQUciii ii!tlOoeii»

x.-^ic v^abf iiOiv-eveif no ^viuence 01 a conbibteut reuuctiozi in 
the average protein nitrogen content per efeii in tne aeiicient 
iooc-f & situation wnicx* v»ouiu ^t; eApectca ia. ctii aivx^ion 
ana ^rowu* were retaliate* y^ a &nortat»e oi protein us eucn* 
It iaay ^e tnat SUCK M cmm^e nevei' occoia in thiB eastern

no ^i^MLjLjLcuiiw juic^^a^t. iii tne cc-ii nuiftu^i its
tne t>^nti*ei>i& oi piotein is ic&»c



reduction du; . rate oi oxygen uptaKu was Oreater 
tnan tne reduction in piotein nitrogen, ttitii tue lesult tnat 
there was w. J.C..A C> V uecrec^c A.U. ui.c A ate ox ^^^AA uptake per 
unit protein uiiro^eu in tne deficient roota. a so the 
reuuction in tne rate oi oxygen uptaKe v,aa greater tiiaiA tae 
leuuction in cell numofc** a& tnere was ^ ^j-i^iAt vxccieaefc in 
the avcia^e rate 01 o^j^eja uptt^ce pei ceil ir* tae 
roots. -Lii«ae results suggeat tnat once a^iaiii txie 
effect of tne delicieric^ v^uo ^u &ixuww -MAC uvexajLi rate oi 
ox^fcii uptake oi tii^ ^etefii.

it i* aot clt-fc. w .l^bafeXiuBi aviicieiic^ e^oula restrict 
v^.w * ate of o- ^ c<^ u.^take t unless sucn an effect caxi result 
iroia aii^ treaiiiici*t vu,ica afiecte trie rate oi an e6t*ei*tiai 
iafctabolic i-eaction» i^iciiolas, . ason aua i.ewlroy Cli?t;4) nave 
snown v....v ^ol^bdenuiii is essential 102 the activation oi tne 
riitrate nsuuotaae s^steiii of l^fc'uio^porc... vaiiie spencer (i^i?4) 
nas bUee.tLtuu timt tii^ activity of aciu pno&pnatases iaolat^u 
froiii tomato leaves n*a^ te controlleu uy fiiol^baenuia. It is 
i/osbii^le taat c «s in tue ratta ox aari^ iuttacoiic ifcac- 
tione ma,y be aa&ociatea vs<ita cnaiA^es in tne oveiull rate of

me pies^nt iii^aino tnat xuoi^baeuuia aeiicicAit ioota nave 
a loweieu rate ox ox^-^en uptake %,uejrA coiiip^reu v^itn iuli 
laitrit-A. v ^^wwd ib j.*. a^reeiaent wiui tne WOIK. of i^ason, 
oiuev.uitti fcuja -£TOjt>fc>t (1^5^) w^.o founa tnat tne fcnuo 
OJt^^en uptake 01 noibOcenate& 01 tne apical leaves of 
num ueficieiit tomato plants v.as lower tnan tntvt oi uomo^enates 
oi tne apicajL leaves oi iuli nutrient plants* ineir 
vi ere expieb^c'a p^r uil« of hooAO^enate 9 ai*a on a ary 
uca.«*'jf w'u'o **o w ui* cw ^<-.j. u-^i'o ^/i i> w«i*» nitio^en uasi 
contiabt ojoneia^on LUxa Arnou (19t>4) nave it pox tea tntit tne 

ox^en upti*K:e per t>ram aiy wci^iit vtua ni^iier in 
deficient cuxturea of Qtiloi-ella tnan the cones-



U*<.,t
nu x. JL -t 'w,n t uuo. cu. '.,,.... . i.^.,.."v. VvOrkert. <axv. ox tt-<i

in un^ubxisiiett expt;xiiaexitB ff xouna 
trie lower leaves 01 liiGi^uuentuu ueiioifciit toil,;, to

t.l A v~ y. ... .. -/jfV^j^^n U^- i»OU».t, ^CJl 0i«.vW V* v . S-JU O*> 0

uoii tne iovr^i' ieavfeb oi i'uJ.i 
1'or t

tux ^, ^
cuuia accouxit 101 ti-e v«*a

cer,

i I, jt>lO"G«ill Jai uXG&telA Wt»O

of tne aelicxfeXit roots wi A
iri full nutrient ioot«« lai

Hi

vvere
t-^tion

it xb
'to ^i;e ii

Ci-s-

tut Uit author in 
ueflcient
o.n iiUi»io.teiiO

oiuei xeavee a/i/% oil
patten, oi*

I'IOIL
; itllfe

vati* 
tiifet 
* 01 

ctlla
IS

JuiA

tn&x continue to ^.icvv ioi an
xwlAi. L/^ t* ^ J. u C c fe>

tf nt?^t ^air oi up^-er 
ife yoiiei&teiit *itii tin?

One x'ui tnei efx'ect of Hi

tne c.

xn pt-a

iii

2oot t
Xi*

voiuiae oi 
the inost s

JLt.. tl^U With fci ijJ.i-iXcii

conteni pti ceii* it is
ni aeficicricy on ceil ejcp{%noiO£i Vva

i-XUUW w^ wi.

fc» it iy
bectiona 01 tne root

oi tntt 
it i&fc,s> JK.

t_- v v

ai*
ox

oi
t one a^/airi

^i**A t

01 tn



«•»<•» f f» T A

^ TO

1O?TTO

TO

TTOTI^JJTTOT TT^O Vi^TT

TTT

TTT

953TT -'

TI Tr* fTT *> i n r 

1 OO T 1 TISJ T

^O M\^TJ TO
t»OT.T«»<f

^n^, ,10
S1OO T

TT

TtT01.

TO

TO
TO

TTT

TO !

TT*
O ''

9rTO«5T

*TOTT

TTT



A tnira situation is founu in molybdenum deficient
with tiiiii deficiency y as v-itu magnesium defic 

cell division ana protein syntnesis are reduced to t^e 
extent. however molybdenum deficiency restricts the 
process ox cell expansion a& trie average volume pt>i cexx 
is reduced in deficient roots*

i'-urther analysis 01 tne exxects oi these- taree aeiic- 
nave ouovai otner impoxtbiit ail'leiences* iron 
*cy aoee i^ot &il'eot ti^e metauoliBiii oi tue olaer 

fflatuz-e cell-'-^ v-.t it does specifically reauce vie »nt-tatoiism 
oi tue newly i^x^ua cells. It ie potibicle ti^'i, 
tiuBfcnt oncfe it is incorporated into ceils it ib 
queiitly released and trauoporteu to ffierieteiaetic regions 
evci. w... ti coiAdition« oi extreme deficiency. nowever it 
is also po&siule tut-t iron deiiciency only ai'ieote tne 
metabolism of diviuin^ and newly ioruea cells* ,^eej-u 
deficie^cy f on tlie otner hand, unii'orady xestricts the 
meti toliaui oi all ^he cell^ 01 tne bys^e^* in tals case 
it is prob&lle tnat this clement 18 not bounu to cellular 
constituents ana is free to toove from regions 
concentration to regions of loi& coiiceiitration. 
tne experiments \ ith molybdenum deiicieiit loots were only 
preliminary, tne inuications are that a deficiency 01 
element affects all the celiu of tae system uniformly.

'ii;e three deficiencies 01 iron, iia^nesiucs Hiva uoiyb* 
uei*uitt uxj. xtstrictea growth by first reduoii^ w*t= iate of 
o: i up . xt mi^ht be expectea taat such a c _e 
,woula precede change6 in the rate 01 ceo.1 aivision 
me xate ox ^rotein s^ntneca.^, u*t this situation nas not 
beeu demonstiated beioie* It is *; ^»tea that tae over­ 
all rate or oxygen uptaKt- way be aepr . a lu i«aiiy 
of ffiineii...ju ucxicifeiioy at »-
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develop, fctfcint-er,:, (1^1) ana kte^ard anu liioiupson 
nave au£&«si^u wic. * protein metabolism ana grotoU* ai'e so 
intmately connects tnat i&ost dan&ral uexiciencies must 
uitxju&tely ai'i'ect ^rowtn by tneii impact on protein metab­ 
olism* The results 01 tae pi^seat experiment^ ^^ow tuat 
Uiere was no enorta^e of protein nitrogen ae euca on a per 
cell basis in all tnree cLei'iciencico* In tne case 01 iron 
deficiency there steas no doubt that short»0 ^ ox protein 
nitrogen aiu not restrict tne overall &rowtn oi t^e ayetem* 
-..-..is -ay not be true in the c&eee 01 xua^neeiuu ana 
aex'iciency where the rate oi cell aivlei,^ ..u^

to tne reaucea iate 01 protein s^ntiiesie. It ie
that none of t^e Oiei'icieiiciea brou^nt about 

reauctione in tne average protein nitrogen content per ceii t 
anu it may be tnat xoi cell uivioion to pzooeea^ a certain

i ox protein nitrogen must be fc»v&i.Labi6« 
In conciuaioa, it nas been anown that *.-. tiifc ca^^ ol" 
ii^v one aeficicncyt iionf overall ^rov^tn was? ^-uoppeu. 

by aiA arrest ox ceil aivxLiont wnile in the case oi another
^olybaenum, it nas b^en sr-own that ti*e restric- 

ox Orototn w^e j>axtiaJLJLy i/rou^*^ ui/gu't uy a r&atraction 
Oi" tne ceil expansion proce-i • it Xfej cieai t^ei'^lore ti^at 
xnveetifc,ation8 on tut iisportsnce or trie various mineral

xi* w*c cu^xc pxuue-w.^.'... DJ. cexx uxvxt>ion la^u cexx 
ciie essential ior ai* understanding ol ti*e ei'±eots 

of nineral aeiicieiiciurss on tne /..rowtn and aevclop&ent of
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9 Bay 3 ..*. .Roots
i?•xpt*Ko» Cell Ho. per

Root

*»P© 4-Fe

B 7* 223,80J.I 257.785 
2'Ji -3 n6 2 C^1 766
263*644 277^705 
222,632 29*-?. 109

Protein $ Op Uptake Og
per Root p©r oot perUhit ifot. 

(eu.nan/fcr.)

-Fe

lfS.64 7.02 6.73 .1467
47, Sk 6.^6 7.24 .1164 .1513

S jT «£ .. ,vw uy /* »i| --•„ •»* *•* "4 '* ** "TV^ 6.1^ 7*76 .1

Mean 23'S744 28o f 341 51.52 51*64 6*66 7*26 .13ri4 .1467

B 9. 287,079 302,312 53.88 56.00 6.12 7*31 .On^o -1>>7
27e3,376 278 f 876 p6 f 64 56.00 6.34 7*24 .1207 .1294
299,968 246,062 49-28 53-76 5.94 6.99 .12( 4 .1302
28v>,25< 20J, 88^) 50.86 1^.16 5*^0 6.21 .1143

yean 2Ho,543 257, 734 53. 92 52 .45 6. 17 6 .94 .1150 • 1343

B 27 346,875 331,250 66.26 61.84 8.17 9.05 .1234 -_.-,
364,062 337•51---' 6-,<.94 77.30 9-4B lo.8o .1356 .1397
373,125 31^,62> 65.52 64.05 3.56 8.96 .1307 *1400
353,125 379.687 64.73 61.84 8.06 9*18 .1244 .

),046 341,015 66.62 66.26 8.57 9*50 .1265 .1436

MEAN 295,777 293*OI4 6 57.89 57-31 7-ia 7.96 .12l(c .

Bxpt.

MKAB

Roots Length pep 
Root 
Corn)

tein Og Uptake 
per Ce3^ uer cell ,

'eu.mmx lo**°/hr)

3

B

B

7.

9*

27

-Fe
28

32

32

4-Fe
28

32

32

«•

2

2

2

Pe
.06

.24

.46

4-Fe
2.07

2.05

2.71

**fe
215-8
186. 9

165.0

+P©
184.9

203.6

19U-3

— i

27.
21.

,23-

; e

»89

• 38

.80

*Pe
25.90

26.92

27.66

2.26 2.28 195*9 194*2 24-36 26.89



Day.. .5 £ ,Iron "vpota

Expt.Ko. Cell Ho. per Protein N r^
-">—* per Hoot -jCr

(W)

B 6.

B 23

/0

. K« 
Hoot

U20.166 379,166 
339,583 339.583 
350.000 379,166

66*2i» 71. oh 
69.92 62.56 

62.56

10.35 9-36 
10*31 10.30
9*7^

Uptake 
Unit I*o t*

»Fe

.1563
*l?i75

60.98 67.73 
8o,93 80.98 
S3.92 80*98 
65.52 75*6^ 
79*50 91-30

8*45 10,02 
10.00 10.02

9*7U 11*76
9*05 9*17

10*26 11*38

B)

1777

369.916 365,872 6l|.6U 65*Uk 10*13 10*26 .1571 *1587

.11*80 
•1235 *1237

.1383 

.1291 .121;7
78,18 79*36 9*30 10,22 .1223 -1325

B 26 3ia, 933
320.312 2^1.250 
300,000 292,188
353.125 365,625
275,000 292,133

•13 67.73
67^73 67*73 
68*L6 70*67 
55*66

10*02 9*76 
9-18 9.95 
3.80 8*8*4 
8*20 10.12 
7*76 10*26

.116U ,1U37

.1199
,1299 .1305
.1193 .li;31
.1387 *158l4

l*ean 318 ,Q7k 322,058 70*96 67.7k 8*79 9*79 .1250 .ll«62

MBAH 337,511* 336J|38 72*27 71-38 9*37 10.07 .1313 *:

Expt.Ko.

.
B 6
B 23*

B 26.

Mo. of Hoots

T?» "*"»-*•*r e
21
20

ItO

HhJ?9

21
20

1*0

Length per
Hoot t fn\

**£ © +ft e
3.6o 3,90
3.1Ji 3*59
3.30 3.UU

/Tote in -,O-T» O(=»TI_
: J w »• W %4^JLftJM»

(j|g x irr^X.
-»pe -f-F&

1714.7 173. y
«!• «IH*

233.0 210*3

r^ Uptake 
f cell- 

CUA^ x lQ,p§1i r)
~FG. + J-&

27.38 26.0U
-

27*61, 3u.i,u

i 3*59 203.9 194.6 27*51 2^.



T 1 /
:i 

O -IKxpt. !'••?• Cell Ko* per Protein » •
Root p$p Hoot per Hoot ^ per Unit. <rot.N

cu •frnr/hi* •
* H)

A 16. 5^.219 55Q.21U 93*7 107-7 12*52 16*39 »13o8 .1522
B 1. - - 82*1 93*3 12*28 lk*5k *I^96 *1!>53

B 2. 328.U16 306,203 83*9 88*9 1^*23 13-37 -1693 *1728
B It- li37»Ii7B 301*691 91*9 90.9 lli»63 1 ?; *^7 *l6l6 .

322,036 88^ 97*5 13»U7 13*32 .1329 -1377

Kxpt.Ho* KO. nf Hoots Length per Protein 0*» Uptake
;-oot per cell per Gall
(cm) (jig x 10"*) (carfriiaa

-Fe ^Fe -Pe

A 16. 28 23 5*6f) 6*W 132.6 192. y ^3*9^ 29*3U

B 1. 16 16 3*70 6.60
B 2. 20 20 6-37 6*90 138.8 173*6 26.92 30.35
B k* 22 22 6.13 6*38 210.0 i'/y.l 33- 9U 29*3!^

6.03 6.6l4 183*8 189*2 28.27 29.



TABLE 12 ±

Expt.Nb. Cell KO. per
Root

Protein K 
per 'coot

(jag)
per Hoot 

(ea.irfB/hr*)
0 2
per Unit 
{ou*nirr/hr* 

:. Prot.
4-Pe 

16. 471.491 719.409 115*1 146*0 17*11 24-90 -1436 .1714

B 23* 94
80
97
34

Mean 471.491 719,409 94

*2
.2
*9
• 7

*4

97*
136.
119*
103*

119*

9
9
0
1

2

11.
11.
12.
11.

12*

44
21
437'--

79

15*
22.
17*
16.
19*

98
14
C'\ i 
y'i

32

45

.1214. i h r'^. -U4.>,-< v

.1382

.1352

.1631

.1617

. 1603-15 "'3

.1630

B 26. 423,801 546,8-y; 
453,096 555,0^3
521,451 63iu34^ 

___ 472,626 628,678

122*2
110.4 136.9
loo.l 110.4
73.0 110*4

17.44 19-17
15*39 21*95 
13*31 17*51
11*70 19*41

.1427 .1751 

.1439 -1603
'9 -1595

><« *175B

Mean 467,743 591.282 102*7 117*4 11*71 19*51 *1436 .1676

B 29. 540,981 740.625 
517.545 646.875 
474.579 687.5 o 
462,861 6h6,875

134*9 134*9 
103*0 122*7
93.1 115*3
9^*1

17*44 21.33 
13.34 20.64 
12*71 1S.6'> 
10..32 24-12

.1292 .1581

.1343 .1682

.1295 .1616

.1102 .1561

Mean 498,99! 680,469 10Q*5 131*9 13*70 21.18 .1256 .1610

479.408 663.720 lol.y 122*8 13*73 20*05 *1347 *1633

Kxpt.Ko. No. of l

-Fe

MS AN

Length per 
Hoot 
C cro) 

+Pe

Protein 
„ ;p Gell

-e

per Cell 
( cu.nnixl(-§1ir)

B 16. 
B 23*
B 23.
B 29*

26 
16
32
32

26
16
32
32

6.58 8.97J
6*06 A. 28}
6.32 8.29
6.82 9.61

200.2 165*7
219.6 198.6
217-4 193-8

27*13 27*04
31-45 33-00
27.46 31.13

6.50 8.85 212.4 186.0 28.68 30.39



T

B 18.

/3

Cell nom per 
Hoot

11 * Iron ] ?ooti3

Protein H Or 'rr'-take
pep

02
per Unit i*ot
cu.nE 
perjig.itot.N)

-Pe +F* -Pe 4-Fe -Pe

18*36 .1324 .1626 
• 3 110.9 11.67 I?.!.-? .1292 -1570 

477,00? 739»465 &6.4 103.2 11* (<j 16.7,;, 
1431,1 1 729.050 91*3 110*9 12.78 17.::7

422, H49 797,789 
416.600 735.299

Mean

B 29*

750,1401 90.3 109*5 12.15 17*61 .13^5 .1390

B 28. 1*33*566 775,000
1*53*096 781.250
46^,720 761,25*
507*780 744

122.2 139.0 
119.2 11,7*2
103.9
120.7

16.08 
15.12 23*77 
in*6).| 21.73 
15.86 26*15

.1316 .161-1 
•1268 *l6l5 

! i .1605

Kean. 465,791 767,969 117*7 151.6 15.42 £ -1310 .1612

600,ooo 875»t./oo
499*219 ti v ' " ';

U2l!875 726^562

120*2 176.6 
127.6

ti.17 26.3^

13^4*9 169*3 
1/4.9.7 157.0

15*63 25.08 

ial98 25^57

.1179 *1773

.12;.'3 .1704 

.1351 .16^0 

.1265 .1629
Mean. 516,211 768.55U 133*1 162.5 16*75 26,lo .1256 ,1681

U72 f 970 762,308 113.7 1I;1.6 2*71 .1628

Sxpt.?:o* Wo* of Roots Length per"•oot
(cm) (>*g

•otcin 
r» Cell

Oo Uptake 
per Cell,, 

(cu.aan xlo yhr)

a
B
B

18.
23.
29*

~F0

21*

32
32

+P®

2k
32
32

-Pe

6.12
6*58
7*26

+i?*©
a.so
10. 10
11. 6i;

— &

216
232
257

B

.7

.7

.a

+F

11*7
197
211

©

.5
• U
.u

-Pe «!«,
27.81 23
33*10 31
32.1^5 33

F@

.46

.61
• 96

P4EAK- 6*70 10.30 21*2.1* 185.k 31-12 29*75



jnvertase Activity of ..I 

Whole Root iJti

Bxpt. Ko.of JSwuD Length Hexose ?rot«K. Inwrtaa* Recalculated 
Ho. Roots per Hoot per Hoot par Hoot .Activity Invertaee

(cm) (u r) (pg) ()* g hexese/ ^c tivl ty
)ig Irot* H)

—Fe -f-Pe *"Fo 4«Pe — '?e 4-Fe

Ba^
B 17 70 2233

2060
1790
1329
1579
1906
2098

— F<'' 4-Fe — Po ^15*6 — I?© • ®

2
| •"» •» ,rt j «"» I -.u/*12 it/ «U&
Mi* 77 I|6*o2
lsU»18 M.-53
38*88 1*7*05
35*31* Mi* 68
^'.05 1*7 • 53
M4*77 i;€*88

attviK l.o 1928 U.; ;*13 15*73 32.36

B 12 35 35 335 Wio U2.83 U*9-< 3.971s 9»96l
39Ii 339 50*56 U2.08 7*OO9 8.o6U
U12 U31 143*68 58.08 ?*ii2e 7*^3
39U 339 U6*72 L2. 0" ?.,'"•' 8*0614

2*78 2.63 395 379 1*6*06 1*0.32 6.375 7*920 6*623 6.613

1U 25 25 U75 it-'*B 5.;* 77 73*62 5*6/1 7-737
577 U6« 62.!;5 63.02 7 '* a.!0*S 
513 5i>3 57.71 63*02 3.^;i 9*U91 
699 513 57*71 73«02 11»09^ 9*578

€03 53*60 33*Cl 7*782

3*57 3*83 51i3 537 57*2? 6;5*lh 3.7^3 9*327 7*513 7.5C2

* Invertase activity recolculntra using the obove hexoee per 
root values but using the protein nitrogen values 
established in the prerious experirnentB.



YABI/\ fa Js- *.*nrertfl_8e otlvity of t iron toots

Sxpt. lo.of Mean Length 
$o. Roots per Hoot

(cm)

Hexose Prot.Ii* Invertas® Recalculated
per Hcsot per Hoot ^ctlvity inverts ye
(^g) (533) (jjg hexose/ activity

)3g FTOt*

+P© -Pe-Fe -Fe

B lo 
B 11 
B 13
B

M5AB

20 20 5.00 3.35 500 555 63.17 51;. 35 7*922 8.626
20 20 5*78 6*76 635 821 73-79 77.01 6.521* 9.165
2I| 2k 5*51 6.11 655 706 7ii«li 71t.29 8.898 9-6o6
i;^ Hi U.95 6.07 600 733 6^.37 7b.l<3 9*328 9.578

5.31 6.07 598 70li 68.85 73.02 8.743 9*21|J4 6.76^

B 21 2k 2k 1010 1107 72. lf> 88, 30 11;. '0 12.53 
1010 1131 73*62 86.XU 13.37 13.13 
989 IOQQ 72. 8d 73*62 13*51* 13*57 

1071 1203 79.!>0 92.03 13.^7 13.07 
965 1071 72.88 88.30 13*21 12.12 
79k 1071 66.99 78*77 11.06 13.59

6.32 7*63 973 1097 73.01 81* -53 13.33 13»00 9-5U9 8.933

DfW 11

B 22 20 20 1082
1227 1227 88*31* 72. l!i 13.59 17.00
1227 Hj67 60.98 91*^ 15.15 16.08 
1L27 1371 33.18 33.92 1U.75 16.34 

v62 1131 63.31 93-U9 15-20 12*10

6.18 8 .98 111*5 128 i> 77.37 8U»8o 15-510.07 9.0?

Invertaae activity rae^ Iculated ueln~ t>i f> aboye hexose 
root valuee but using the protein ni ...,on values 
established in the ^i-evicus experiments.
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0. 70
6*71

M ; »"»

7*
a!j._ i-

6*14,8
6*33
6.^2
6 1 -4 

»J?1

6*^.^
6.05
5.63
6.t-5

63

Oi;

71 o-^iffTSr^-r -

6.99
6*56
6.27
6*61 T/. jL6 21^*v7

6.61
6*39
6*83
6.61 ^9.^ 2?4 .19

J^ ,7
02 16 16 11.17 13*07 10*20 12*

12.31 12*15 1C.J|5 9«6p
99 12.61 10.32 Il.c/4 13*91 12*51

2li 10.yo 16.20 12.15
12*30 Hi.77 10*92 16*92 
10*23 17*80 10.65 1!>39

.21 22- ?.6 12*06

.00 21. 1C 1.*).17 20.70

.ll^ 19.23 1C .21
1^-56 20.% 12.^ 20.53 o 1*73



Cyanide Inhibition of^patygep Uptake A__jU>jpn_.Jigotg
vhole '

xpt* Ko

C 9 18 18

C 9 18

maun Length Control
x.r root 02 ic

(em) per root

10""^
02
per root

/hr;

Per Cent
.it ion cf

uptake

—Pa +>'e — Fe +]?e — •"-: 4-1*1?

C It; U8 10.50
10. MJ
9.58

10* 111
-"TJ 1.0 10.13

c 11 214214 a.ia ~lv5710*00 7*80
8.91 6.06

-Pe • -Fe

1^.68 55*33
U-33 56*37* *-h ^ . — /— «— ••»/? • ^ r» *i*^ « 1 *l f^,»t.-tj *J0t**/^
l|.27 57-09

14-3, 36.76

3 r* t j1" v~k »^» s Sf **^ i -3 » Jw *•*****» 
•54 5*25 b"*/'1 l-i3-97

5*«30- 3*1|O 5 • .00
4*lo 3*73 3^4*oo '-72

n 2.6o 2.71 9*03 -i.Ul U-21 U»29 53*57 i*9»23
2ay3

8«73 10*66 6.18 8.36 29*21 21.5U
10.00 10.1*0 7»jo 6.93 25. on 3>37
0.88 10*29 6*83 7«!>a ,23- """

3-07 7-65 77

^*^i 10.23 29.1-1 29. 
10.20 12*97 7»7U 9*83 2k.12 2fe* 
II.22,, lj.^2^ 8.21J>a.j|l^.,26.^._Jli

CIO 12 12

liean

0 11 12 12

can

*0^ 6*3711.22 1 ; ;*23 3.16 10.17 26.79 26.

• 90 l6*7lj. 8*i)U 11.oo ^1.63
12*50 17.76 9*lli 12.66 26. r
13.72 13.92 9-73

-15

6.01 7^8 12.5? 17.31 9.1H 13-1^ £5«37

JLJi

15*26 a3.21 12.J5 J.6.77 18.37 27.75 
13*3*4 £2.83 10.05 18*72 214*66 1-.18

.18
•»"*HMIMM

373S 17.28 25.11



3O 
Inhibition of Uptake - iron Juoots

r'-g

1 v'^i

1
;tf ivOOtS
, -^

Control 
02 uptake 
/section 
( cu . fflife//ty) C

.bxptf

b.0t.

j.\g

1.
2.
2»
4.
5.
6.

• c ,14
2.452
i.b75
1.962
2015
^.byl
1015

iotal i^.biO

iixpt.

bee i.

Total

toeot.

!HQ

1.
2.
5-
4.
5.
6.

1.
2.
5*
4.
5.
6.

. 0 16
-ire

2.250
1042
I.b70
2.457
^.b42
2.^0

12.666

2o51
1.6Gb
1.^16
2.2b6
2.bt>6
2.110

•

2.295
1.767
1.709
l.bbl
2.^76
4.024

14.650

JL

•f-jj'e
2,107
1,250
1.708
I.b42
2.427
6.479

15.bl2

2.201
1.506
1.70b
i.t/62
2.Y01
P. 252

1
1
1
^
2

9

__^OJk.
c^ctioneu
^ -^

0^ Uptake 
/Section

.250

.219

.722

.106
O24
.902

0.4

4 

1.
1.
1.
1.
2.
>*

11.

215
167
520
62!s
5b7
122

2bO

Percent 
Innibition of

0^> Upt&ke

49
24
Ik.'

9
19
21

25

.02

.99

.Ib

.02

.*7

.41

.57

47. Uu
22. b2
10.47
1^.40
1..07
22.17

22.00

-I?e *ile -Fe *i"e
1
l
2
2
2

10

1
1
1
2
^
1

.211
• &51
.527
.022
.126
075
. JL 22

la/vjTi i

.220

.025

.620

.069

.2^0

.tob

1.
^

1.
1,
1.
4.

11.

1.
1.
1.
1.
2.
^*

090
825
496
611
i;92
212

225

14
152
010
51.
b20
290
72*

46
.6
17
x7
25
Ib

25

47
25
14
1.'d'd
24

.Ib

.59

.61

.26

.20

.25

.b5

v 46
.60
• 79
»9y
.14
.2.
.b.

46.27
22*26
12.41
1*. 54-i »-» . * i
17.0fci
.2.45

26.22

47. bl
22*09
JLi.44
12.97
15.47
*7.bl

r.O. Of
Koots.

j.o xb

u,e&n length
/koot (cm)

-i;e +i--e

5.07 5.55

inO. Of
koots
-Je'e -fi^e

24 24

ideen Len^tii
/ILOOL (cm)
— £'e 4"]*'e

5.bO 6.61

total 11O02 25.61



agate 1 Ms* -HOI^.H^OT.

Tables 3/to 3bc risona of roots grown s?ith and 

without added magnesium in the nutrient culture media* 

Root tips from germinated pea seeds cultured and harvests 

of whole roots r;&de after growth periods of 0. 3* 3* 7. 

9 a ad 11 days*

TABLE 3/ Day 0 t : agcneslum lioota

•\x;;t. eH $o* .rotein o^ Up- C£ Up- ^o.or ijungth rrotein u^ Up-
Ko* per 15. per take per take per Hoots per per tak.o pet*

Hoot Root Hoot unit Root Cell Cell
(cu.mni Prot* p. (cm) ()ag x 
per HP) ( cu-nrn/hr 10""b ) IcT v lir)

irot

D 8, l»23tl*37
392,187 81.27 12.01 
366/750 76.36 12.Git -1372 
390*625 92.25 13»^8 
Iillu062 73.31 11.^2

396,875 BO,79 12.16 .1509 loo 1.0 203.6 30,614.



Cell No. per 
Root

Protein N 0^ 
pep Root

o 02 Uptake

Hig +Kg

12 502,500 512,500 116.1 107*9 15.99 
517,500 515.000 121.0 109-6 1-,.10 
520 t Of ^"? ••-'•o 12;-..3 109*6 15.60 
Ii72,5u , -o iil.a IJ^.Ii ll.oo I6o6 
!;03,906 ^.^.,2

K;

-Mg

.1319

.1365

Mean !X>3,281 506,912 110*8 111,2 llf.i|2 15*53 -1301 .1396

D 13

U79,166 
508,333

8 66.7 11. a 11.60 .1183 .1338
35.1 ^3.3 11.05 11.90 .1299 .131*7

101.^ 9..1 13.87 I3.2!i .1367 .131*8
Viv.9 106.1 j,i.o7 13.30 .1272 .1301

Mean 1*68,750 U71,666 93.3 12.20 12,62^ .128 .

KEAK U86,015 ^9,289 103.1 102,6 13.31 11^.08 .129C' .1370

Bxpt.Ko- Ho. of Roots

D 12 

D 13

1^0

per i'rotein o^ Uptake 
Root j>cr cell viler cell 

(jug x

3.03 3.1*8 220.2 219. U 28.65 3o.

2.83 3.05 203.3 199-U 26.03 26.30

MEAN 2*93 3.26 211*7 209.!f 27.3U 28.72



; o o Day 5 - Magnesium Roots

Bxpt.fco. Oell Ko. per Protein K 0 2 Uptake 02 0;.' "3
Hoot per Root per Hoot :"< P r !r,ii .< rot* II)

») 

*»t|g -fMg *»Mg 4-Mg -Mg -^Mg

D 10 530*1*69 596*091* 11*9*5 1*43*9 18.09 17*93 *!3v6 .11*50 
& 7,031 533*a)3 11*7.6 102.1 15.91 1U.8'J .1247 .11*59 
63i*,375 5B5,156 lorj.l Ili5«6 1^.35 13»18 .11*33 *H|1*7 
6(9*765 582,U22 111.9 101**0 15*31* H*.l*9 -1370 .1392 
566,015 63U.37S
5'59.53l 536,250 117*3 113*8 15*92 16.37 .1357 .11*38

B 11 562,500 515.oou 113*3 101*.0 15*1*6 13.08 .13K? .1257
1*67150-0 1*63,'oo 111.9 100.1 11*«1U 12.65 .I2bl* .1263
520,000 52o,ooo 102.1 107*9 12.90 11*.63 .1262 .1355
507.500 57o f ooo 102.1 113.8 13*20 15*55 .1293 .1363

Mean 515.000 517*500 107.5 106.5 13.86 13*97 *l2yl .1312

MBAN 552,265 551,875 H2.1* 110.2 lli.*90 15-15 .1326 .1375

Bxpt-Ko. IvO* of Hoots Length per ^i'^tuin 02 Uptake
Hoot per Gel}. per Qel^.
(CIS)

•KSg -,-g -f -g - g

D 10 i*C 1*0 1*.28 1*.28 198.9 191**2 27-00 27*92

D 11 1*0 ko 3*67 3.81* 208.7 iw:>*8 26.95 26.90

1**06 203• 8 200.0 26.98



TABIB 31+ ^LJL
Sxpt.No. Cell Ho. per

Root

*4Jg

i rote in K
per Root

02 Uptake 
per .Root

Co Uptake
iW Iltait Frot. B)
(cu.irir/hr. irot*

-Mg 4-Mg

B 1.

Meas

B 5* 537,500
625,000
637,500
637.^00

Mean 609,375

P 9* 575,000
696,575
643,750
640,625
650,900

568,
634,
653.
678,
643,

675.
709*
612,
693,
687 »

750
375
125
125
750

0v;fi

375
5oo
750
500

123*

113 1
122,

129*
107*
126.
lOii*

117.

122.
114*
126*
122*
1^4 »

7

^
4

6
\6
5
0

7
1
4
7
3

120.

ipal
125*

108.
111.
138.
119*
119*

Hi?.
150*
125*
127*
122.

7

a
6

9
9
4

6

2
9
1
6
7

16.20 
15*62
15*^0
15.77

16*89
15*1'-)
15.34
14.36
15*45

16*35
16*57
16.12
16*51
16 *9C>

17*
19*
po.
19.

16.
16.
19*
I?.
17*

18.
19*
20*
19*
1?*

76
63 
P6
22

74
35

76
59

99
69
12
80
W

• 1309 
.1272
.128£
.1288

• 1303
* JLtil3
.1211
.1375
• 1320

.1332
• 1452
.1275
* <*rjj^ lil,"
• JLjL^lH' >

IlS73_-
.1529

. 1536

.1461

. 1407

.14 "9

.11^70

.1239

.1318

.1607

.1512
* 1434

Mean 640,625 675*000 2 16.89 19' .1360 .3423

SEAK 626,736 661,111 121*2 127*4 16*18 18.; 1335 .1458

Expt.No*

D 1.

B 5»

B 9.

MO* of Roots 

*»Mg *lig
12 12

32 32

40 40

HOOt 
(oxu)

*4Sg -fltg
5*30
6.06
6.76

?.lo
6«G^
7*20

Protein 
per Cell

(pg X 10-5)
*«*.-tr* A-Mcr

• "£» ^^Mft

192.1 185*6
193 »8 19a*8

per Cell,.
\ ci3*ttzB ^c jQ*** v^bir3

-«¥'iff "j-^ifit

25*35 27.32
26.36 28*^1

HKAN 6,31 7*0? 192.9 192*3 25.86 27*66
vst



J3 35" Day 9 -

Expt*Bo* Cell Bo. pel*
Root

ppotciu
Root

(pg)
J£ U. 02 Uptake

<jmlt

-Mg

B 1 558,59)4 7&7.500
527.310* 315,625
603.591* 660.937
6S9»U37 ;>10,937

121*2 16Ji*9
11*8*7 11*2 *Q
117*8 153*1
150*2 150*2

£5*2920*50 ;-"'2 
lAi»6ii, 21*63 
16.72 20till

-Mg

•1189 *1533 
.1378 .1550

,121*6 .1392

Fean 6U8,

D 6. 61(0 1 
715. 
625* 
731,

;-"ean 673,

1*37

625 
625
GOG
250
125

768,

718. 
765,
796, 
761*

761,

750

750
623
073
719
719

133*

117* 
139 »
139* 
132.
13 2 •

1

8

f 5

152*7

152.1

01*7^ 
15^4*6
150.3

17*

19.
19*
19.
13.

19*

li*

52
17
61

21*

22*1*9

21*00
22*99 
£2*68
23*1^3

22.77

* 1269

. 1650 
* 1395 
.1371 
* 11*19
* 11*51

• 11*72

• 11433 
* 1561 
• 1551* 
.1515
.1515

.,271 765tOOO 133*7 151*5 IB.26 22.6l4 11*95

of Hoots
Hoot

cin Uptake 
per CelL,

D
1)

1* 
6.

23 

32

28 

32

7 

7

*26
.90

; i ** i" f\-- o»15 2i^oo 193

>&,.?, T 07 "-»/*•• ** ... *

*

•

7
3 28.37

29*26

29*69

8*39 196*0 27.i40 29.5?



Day 11 ± Magnesium Roots

Expt.No. Cell !Io. per 
Hoot

~Mg

Protein & 
per Hoot

(j«g;
per Hoot 

:u»ntn/hr)

02 ••' e 
per Unit .t iot.

A. N)
-Kg

22.68 23.44 .1495 -1560 
.1504 -16J6D 2. 74- ,625 H33.333 151.6150.2 ..... . .,

793.73'.'- :#>6,2^ 1V7-2 11-7*2 22.15 24-09 '1^4 -i6j6
763,623 921,673 144-3 166.4 IS'. 33 ^5*9? *1343 .15oO

' 662,300 671,675 130*2 130.2 22.99 23*47 .1530 .1358
... _ ._. _gi.i,3 29.29 .1IIB8 .Ijflfa17C

Mean 740,625 033,333 147*5 136.9 21.74 25.24 -1473 .1607

D Ii, 796,875 839,344 
678,123 547,636 
725,000 816,1-6 
663,623 839,;':!:'..
736,23- 761,7

137.4 166.3 
139.3 132.1 
142,3 137-1
" ~ 164,0

.34

7 17!

17.^3 27 
23 o7 23.74 
13.79 25*50 
21*64 29*78
13,h'i ::B.i;6

.1308 ,1630

.1478 .1560

.1320 .1623

.1390 -1618

. ̂ .v

Mean 723

D 7* 761
707
733
664

• • * "*H **^ ^*.kGan 722

,cco

,250,031
.281
t 062

,636

820,

886,
339,
832,
792 f
^43,

310

719
375
031
059
750

143.8

149*7
132.4
139*4
132.4
143.5

167. a
166. 3
147.2
164.4
164.4
160.7

19.
19.
17*
19.
19.
18.

32

62
13
76
17
92

27-

25*
25*
£h *
26.

23*

00

33
32
48
63

43

. 1333

.1310

.1292

.1239

. 1446

.1313

. I6f 9

. 1518

.1719

. 1505

.16^:1

.1383

729,314 831,396 143*0 162.1
ajj'i,Mi l r,^ l'.,-^r'r,: l'ff:r^-'^iwT!imiBiiiiiPWirili;i nT;^ -\ ,-x

20.06 25-93 .1335 .1601

o. of Rooto I r 
HOOt
(on)

Froteifi 
Cell

02 Uptake 
per Oell 

(CU.HEXIC?*-

-Hg +Mg -Mg

D

D

D

2.

4*

7.

36

40

32

36

40
32

a
3

8

.14

-53

.06

+-g

10.26

1C. 45
10,22

~Mg

199*2

ID-1.3

19B.6

*M

188

204

§
.3

.6

•3

~Mg

29-35

26.92

26.16

•H-'g

30.29

32*91

30 . 16

8.27 10.32 194*3



7 
Et

eY
 H

OO
TS

 »
 K

g 
~_

 ti
 

^T
JL

->:
..-;

D 
U

^

T/
.B

U
CS

37
TO

 4
-^

- 
G

om
pa

pi
Bo

ns
 o

f 
ro

ot
s 

gr
ow

n 
w

ith
 a

nd
 w

ith
ou

t 
ad

de
d 

m
ag

ne
si

um
 i

n 
th

« 

nu
tr

ie
nt

 c
ul

tu
re

 m
ed

ia
. 

H
oo

t 
ti

ps
 f

jeo
m

 g
em

in
at

ed
 p

ea
 s

ee
ds

 
cu

lt
ur

ed
 t

ar
 J

 d
ay

s 
an

d 

th
e 

ro
ot

s 
ha

rv
es

te
d 

by
 

ta
ki

ng
 o

ne
 c

en
ti

m
et

re
 s

ec
ti

on
s 

ec
cj

ra
en

ci
ng

 a
t 

th
e 

& 
x*

37
 

,x
pt

. 
Ko

* 
Bo

* 
of

 H
oo

ts
 

M
ea

n 
R

oo
t

-M.
M

!T
 

*"
S

>

D 
lli

* 
• '?

 
1^0

 
3»

):
' 

6*
32

D 
15

*
D 

16
.

D 
17

*

\ 
36

. i 
26

X 
; 

-^
* 

..

5*
5<

>
7*

11
5*

!'s>3
6.

32

5*
59

TA
BL

E 
38

 
It a

m
be

r 
of

 C
el

ls
 f

te
p 

Se
ct

io
n

E
xp

t. 
Fo

. 
&%

* 
} 

15
 ^

^
 1

6 
D 

17
 

M
ea

n 
D 

1^
 

: 
15

*^
 p

 1
6 

B 
17

 
M

ea
n

S
ec

ti
on

 1
. 

71
u 

7 
1 

>1
»1

6 
,;?

 
1,

1 
'?r

.9
' 

'• 
76

, 
7a

,l^
: 

'^%
n''

 '?
 

85
,9

39
? 

*i
i 

• 
'iP

 
* 

'^1
 '

 
^' 

i 
j 

v 
i 

^ 
1*

7 
li*

^ 
i; 

•' 
{.' 

': 
I)*

1"5 
*'k

!l
3!

 
79

^ 
<2 

1,
1$

 
*Ji

 
' 

- ^
' 

^ 
*3

 
^7

! 
7l

U
' 

»-
 

" 
70

,3
12

 
72

,t 
;

14*
 

12
()t

 
M 

13
3*

6;
 

1 
,,2

- 
12

5/
 

-1) 
1 

,^
 

• 
lo

v.
 

-V 
lo

6,
?7

1 
1 

,r
 

> 
Io

6v
: 

-U 
1 

'.:
 

1
3.

 
ll

il
. 

>o 
11

*5
.8 

, 1
^7

,3
 

1^
,5

31
 

1 
.7

 
12

1.
 

97
,9

1?
 1

 
,.?

 
> 

11
5.

 
!> 

1^
 

al
9^

6.
 

88
,1

^5
 I

6l
,!

r 
3u

jl,
3i

>-
 

9H
.2

71
 

H
A

.3
 

15
6,

*>
 

23
6,

07
6^

1^
,1

../
 1

. 
;G

,..
a3

 
1.

6,
05

9

T
ot

al
 

53
3.

62
3 

6p
6,

22
7 

6U
uU

53
 3

96
,2

21
^ 

60
6,

13
1 

1>
7B

,U
37

 6
59

»5
I^

 6
27

.^
 

) 
i. 

3.
12

6 
62

3,
29

6



-R
 

3
9

P
ro

te
in

 n
it

ro
ge

n 
pe

r 
ae

ct
io

g 
(ja

g.
_.

JP
TO

.te
in

. 
If

.)
.

E
xp

t.
 

No
Se

ct
io

n

T
ot

al

Jb
 ^ 

".
«y

_^
 

A
/^

 ^

• 1* 2
. 3. ij.
. 6. 7

B
xp

t.
 

H
o.

S
ec

ti
on

1
. 2
. 3* 4. 5. 6.

D 
Ifc

8.
2l

tl|
6.

09
7

12
-6

61
16

.7
83

2^
.1

50
21

*.1
U5

V
9.

08
0

D 
14

1.
57

2
1.

62
5

1.
76

3
2*

44
4

3.
51

4
2 .

 8
45

D 
15

B
.B

33
9.

57
0

2
1

.7
1

^
28

.7
09

46
.Y

44
12

8.
08

6

H
at

e 
of

B 
15

1.
90

8
1.

6M
1.

C
58

2.
21

0
2
.7

2
9

4 *
 55

0

JD 
16

5*
64

9
8.

;.i
66

13
.8

(3
34

*4
11

4
28

.7
09

12
1.

46
2

Ox
yi

ra
a 

1
ri

S
D 

16

2.
16

0
1.

51
6

1.
91

3
2.

93
9

3.
37

6
2-

97
6

D 
17

10
. 3

06
6.

65
3

11
:. 

7,
 ;;>2

i 
.6

60
i 

»k
J'5

£-
.7

09

11
6.

67
5

fo
ta

k
«
 r

a

D 
17

2.
2!

 ^
1.

&
2
.2

^
3
.1

2
0

3-
06

2
2.

9'
iO

?; -;e
an

9.
O

^^
6*

7 
:.

1
3
..
!:

. 
-•

.. 
•&

 
.)

*l
i

^^
.i>

 
/

11
6.

3 
J

ir
 S

ec
ti^

M
ea

n

2.
0h

7
1.

61
7

1.
69

3
2.

67
*3

3.
17

1
3.

32
B

D 
14

9-
7T

7
7*

( 
>

10
. 

5
17

.*
 

7
17

0/
3

37
.3

95
10

0*
40

8

;>n
» (

 e
n 

.1 
.

D 
14

2
.'

V'
S

l.
f 

->
l.

( 
•'

2.
 

^
2*

c 
3

..
..
-^

it
fl

D 
1$

9
.' 

^8
7-

 
2

9*
 

5
15

- 
.'0

23
- 

-6
73

.tv
5

13
9*

36
6

.m
* 

j>
er

B 
15

2.
58

0
1.

75
8

1.
7^

7
2.

 
0

2.
 . 

3

D 
16

9
.2

0
2

9.
01

^
12

.5
'

23
-1

-
ij.

2.
32

/
37

.5
U

3

13
4.

16
0 

3

fe
^-

k Jt
iS

B 
16

2.
31

6
1.

92
2

2.
07

2
2.

73
0

li»
65

9
3-

99
0

D 
17

9
.c

:^
6.

6
9.

*'
15

.t 
J.

26
.5

k9
*&

^
Il7

.o
i0

i

B 
1?

2.
5i

"
1*

5S 
j

1.
72

1
2.

22
1

2
*
3
" 

:')

5-
17

5

M
ea

n
9*

58
6

7.
56

1
10

.5
51

17
.7

1^
27

.1*
39

Ii9
*5

58
12

2.
 7'

 A

M
ea

n
^.

50
0

1.
71

3
1.

81
2

2.
36

1
3.

30
9

5.
^6

7
T

ot
al

1^
.0

63
 

1^
.6

96
 

li
|.8

82
 

15
-2

96
17

-6
39

 
16

.0
80

 
17

.1
67



.T
AB
EB

pe
r 
pe
ll

j^
^-
- 

ni
*!
'-
**
-*
 '»

10
-6
>,

B
xp

t. 
Ho

S
ec

ti
on

T
ot

al

'; 
. , 

V
I 

j 
. 

•'/
 

'
±

4
 
i
U

l
j
 

' 
«
^
-
 

<

K
xp

t.
 

N
o

se
ct

io
n

* 1. 2. 3- 4- 5. 6.

I) 
14 r-7
7

- 
.h

i
•' 

. 8
8

90
.7

9
11

7.
 90

14
1.

67

97
.5

6

=S
E

D 
15

4
0
.2

1
62

.8
7

65
.9

6
75

-3
7

11
4.

67
16

4.
46

99
.B

O

D 
16

33
.6

6
r' f

« «
4B

J.
66 ..7
3

11
3.

92
99

.1
1

B 
17

35
-1

7
71

.1
2

64
-3

9
10

2.
69

14
4 *

 15
16

9.
89

10
5.

07

I'e
an

38
.2

0
75

- 
'

77
. 

/
90

. 
j

12
9*

 
J

u\
l*

 
>

lo
o.

 3d

^ 
H

at
e 

of
 O

xy
ge

n 
U

pt
f,,

 ,e
 p

er
 U

ni
t

. 1. 2. 3. 4- 5. 6.

D 
14

.2
27

0
.2

00
6

.1
39

2
.11

 
•;

.1
2 

,
• 1

1
/J

(c
u.

B 
15

.2
16

0
• 1

71
4

.1
32

5
. 1

01
8

-0
95

1
.0

97
3

nu
m

. 
^

D 
16

.2
' 

7
.1

 
Q

• 1
 

6
.1

 
2

.0
' 

2
.1

^3
7

er
 h

i*
.

B 
17

.2
18

1
.1

91
1

.1
52

0
.1

26
5

.1
04

0
.1

02
4

ge
r 

^g
^

H
ea

s
.1-

 
/7

f";
 

55
. j

 
^6

* * 
^»*

.; 
^4

fe
*
|M

M
-K

^P
--

--
' 

" 
••

"
•»

«

B 
l/i

44
*6

8
75

*8
3

75
.7

?
78

.6
8

12
1.

12
16

7.
03

 1
10

6.
39

P
ro

te
in

'P
po

t.
 

S*

I) 
H

i

.2
61

1
.2

12
3

.1
6L

8
. 1

36
0

.1
66

6
.1

39
8

.±M
g

D 
15

14
.3

8
76

.9
8

' 
• * 3

^
.1

0
.,.

.9
1

M
*

D 
16

35
.29

70
.7

6
81

.2
1

99
*7

3
11

8.
28

X> 
17

44
.0

7
35

-1
3

83
.6

1
92

-5
9

12
3*

66

;ie
aa

• 2
.1

0
77

-1
7

- 
.9

3
.0

4
1 

.4
9

Uf
l.o

6 
19

9-
W

 1
26

*1
9 

IL.
 

.^
2

96
.1

3

M
i 
t 
n
ie

,) l> 
15

.2
71

9
.2

r '
l ^-

.r<
 

)
»i

 
)

.11
 

,
.1

01
6

11
2.

51

D 
16

.2
51

6
.2

13
1

• 1
60

8
.1

17
7

.1
10

1
•1

06
3

l'X
>.

6o

0 
17

.£
 

'il
• : -

; 
>8

.1
 

0
.1

 
2

• 1
 

'2
.1

 
1

10
3*

91

M
e&

B
.2

60
7

.2
2 

3
• l

"i 
:)

•1
^-

tJ
.1

26
1

.1
12

9
To
ta
l

.1
14
7 

.1
22
5 

.1
31
1 

.1
27
5 

.1
63
3 

-1
32
4 

«1
31
9 

-1
37
4



R
at

e.
, o

f .
O

xy
ge

n 
U

pt
ak

e 
pe

r 
C

el
l 

(e
a»

rn
« 

v 
* 

10
"^

 p
er

 h
r_

.j.

E
x
p
t.

 
K

O
.

S
ec

ti
on

 1
. & * 3* 4* 5* 6.

T
ot

al

D 
14

25
-0

6
3

1
.5

1
^2

.2
9

.2
1

, 
.6

8
J4

..2
8

25
.3

1

B 
15

27
-0

9
29

.6
6

18
 . 

l >0
16

.2
9

18
.7

1
28

.J
.8

22
-3

2

D 
16

26
.3

B
22

.1
3

23
*7

7
18

. *
ic

26
. 5

 J
29

.5
0

au
-a

T/i
BJ

*1^
 

4~^
+ 

Pr
ot

ei
n 

1

Sx
pt

* 
So

.

Se
ct

io
n 

1. 2. 3* 14
. 5* 6.

D 
14

11
0.

4
15

7*
0

I6
o.

l
13

8-
8

20
6.

 4
27

3-
9

D 
15

12
5-

4
17

3*
0

13
9.

6
I6

o
.l

19
6.

9
28

9-
5

D 
16

10
6.

4
12

5.
3

17
1.

5
17

5-
1*

27
0.

2
28

2.
7

D 
17

27
.6

6
3C

'»
6

J ;
23

.28
24

.96
21

.1
9

3Jt
*sU

iL
25

*6
5

ii
tr

og
en

£ 
17

12
6.

8
i6

o.
a

15
3-

2
7*

3
3.

7

M
ea

n
26

*6
0

28
 « ^

6
21

.9
6

20
*0

6
22

.8
3

3Q
t 4

*5
21

,3
7

D
ll

4

33
*2

8
35

«5
->

25
*1

5
21

.9
1

23
* 

BB
-JL

3*
JU

5..

B 
15

33
. G

2
35

*5
5

21
*. 

66
19

*5
7

23
.4

7
iS

2»
,i9

27
-9

7

!) 
16

27
.96

33
*7

0
25

*5
0

25
*0

6
28

.8
1

23
nj

j6
;>

8.
20

P 
17

29
-8

fc
25

*7
5

24
*4

7
20

.1
)0

24
*9

6.
J2i

^«
 7*j

Si

25
.5

9

M
oa

n
31

*0
2

33
*6

3
21

4*
95

21
.7

4
26

.5
3

,2
9
 -
f
o

r

27
*5

5

P^
r 

C
al

l 
(ja

g.
 x

 H
f^

}

M
ea

n
11

7.
2

15
3*

9
15

6.
1

16
7-

9
21

9.
3

28
7.

7

D 
U

|

12
7.

U
16

7. 
k

15
2.

6
16

1.
1

3-
43

*3
^
g

.3

P 
15

12
1.

1*
15

8.
7

13
7-

9
24

0.
5

23
7*

1*

1> 
16

11
1.

1
15

8.
1

15
8.

5
21

3*
0

26
1.

7
27

7.
2

B 
17

11
5*

6
13

1*
1

13
0.

9
1 

.6
2; 

•-?
2
^
.7

M
ea

n
11

3-
9

1*
^.

8
2 

s ^
o

1 
>-4

21
-3

-5
26

I|.
2

T
ot

al
 

17
8-

3 
l%

-5
 

19
7.

6 
19

5*
6 

19
1*

5 
17

3-
5 

21
1*

3 
21

3-
9 

2B
6.

3 
19

6-
2



7 
M

Y
 H

OO
TS

 
* 

o 
-

1 
3£

5"
TQ

 £
~£

 
C

om
pa

ris
on

s 
of

 r
oo

ts
 g

ro
 

/i
th

 
r 

w
ith

ou
t 

rid
de

d 
m

ol
yb

de
nu

m
 i

n 
th

* 
nu

tr
ie

nt
 c

ul
 ta

re
 m

ed
ia

. 
l-:

oo
t 

ti
ps

 f
ro

m
 g

er
m

in
at

ed
 

; 
•;* 

se
ed

s 
cu

lt
ur

ed
 f

at
* 

lo
 d

ay
s,

 
an

d 
th

en
 t

he
 t

er
m

in
al

 c
ec

tii
ne

tr
©

 o
f 

th
es

e 
ro

ot
s 

su
bc

ul
tu

re
s 

fo
r 

a 
fa

rt
h
er

 7
 d

ay
s.

 
Su

bc
ul

tu
re

 
ro

ot
s 

hs
rr

ea
tc

 i 
by

 
ta

ki
ng

 s
er

ia
l 

on
e 

ee
ft

tic
ie

tr
e 

se
ct

io
ns

 c
or

ars
e n

ci
ng

 a
t 

th
e 

ap
ex

.
TA

BL
E

J3
o

K
o.

 
o

f 
B

oo
ts

M
ea

n 
?o

t 
L

en
gt

h 
M

ea
n 

H
oo

t 
L

en
gt

h 
af

te
r 

10
 

i^r
s 

< 
ow

th
 

af
te

r 
7 

^a
js

 s
ub

cu
lt

ur
e

-M
o 

fM
o 

-£
to

 
4; 

• 
~!A

o 
+M

o
A 

1^
.

A 
11

*
A 

1
2
.

rs
,;»

"V
 
3
L

~C
« 

' 
C

K
xp

t. 
Fo

. 
i*

S
ec

ti
on

 1
. 

•,£
'"'

?
'> 

•, ,• 
*'-.

3-
 

U
.i^

 
^

4-
4-

 *
 

^
 Jt-

*-
 «

 
•
 

*
^

3
 * 

2 
J 

» (
;

6.
 

67
»6

T
o

ta
l 

29
7.

70
8

36
 

36
 

IG
.o

n 
lo

.li
6 

6.
5C

30
 

6.
 

: 
9«

70
 

5»
91

2I
i 

9-
 

: 
10

.5
 

3*
08

9.
^6

 
10

.2
2 

5*
92

fC
tr'

Jb
er

 o
f 

O
el

lg
 p

< 
se

ct
io

n
-H

O 
-f-M

o
11

 —
—

 A
 1

2 
:;c

un
 

^ 
4 

11
 "

"^
 A

.'. 
,8

57
 

3o
. 

:9 
80

.6
^ 

.-,7
- 

• 
<• 

,2
3J

j 
90

*
;'-

.l
^

r 
36

* 
^5 

3^4
 

»6
; 

.7^
 

i 
;• 

,^
 

• 
36

*
>U

.l:
 

37
, 

:6 
37

,6
= 

..i
; 

> 
: 

..&
• 

33
,

.^
7,

5 
38

, 
:SS

 
33

Ji=
 .

 
/^

 
' 

-: 
<0<

 
36

,
-~

5*
5i 

29
, 

1 
27

*9
71

 
ijl

.V
 

> 
j 

,h
; 

U6
t

^3
*7

oi
> 

21
, !

->
!_

.. 
_ 

m
ul

63
 

91
»l

- 
! 

^7
»3

 
U#

f
25

U
.0

17
 

2^
3,

57
6 

25
8,

43
3 

33
U

,6
o3

 
21

,9
,2

63
 

28
14

,

12 5 5 2 •3 7 .2 -0

7«
>a

6.
2l

6.
62

6O
3

M
ea

n
8o

,8
< 

•
-r 

v 
/^

33
» 

6;
, 

*2
i 

•
j 

t O
j

'' 
•+ 7

' 
'

: 
+ S

H 
•

28
9 

L7
5



TA
BU

B

Y. 
B1

E 
J-

7 
yr

Q
te

in
n .K

itr
 g

en
 g

er
 S

ec
tio

n 
.C

ag
. 

P
ro

te
in

Ix
p
t •

 
N

6

Se
ct

io
n

T
ot

al

E
x

p
t.

 
Jio

S
ec

ti
on

T
ot

al

1. 2- 3' it* 5- 6. , : 
//

* 1. 2. 3
.

1*
. 5. 6.

A 
\\

11
.1

(0
8

7-
36

0
8 .

 1
76

7*
' 

>C
5-

 
:o

16
. . 

,18

57
*3

12

o- 
H

at
e

A 
li

1.
97

6
1.1

*9
0

1.
37

7
1.

1 ̂
i*

O.
 

^3
2-

 
'2

9-
^7

6

-3 •M
M

A
 

11

10
.6

72
6.

99
2

6.
6:

7.
3<

8.
0

11
.2

...

50
.9

76

of
 Q

jon
p «»

 i
•M

M

A
 

1
1

2.
31

6
1.

22
0

1.
23

9
1.

25
7

1.
17

6
1.

66
6

3.
89

1;

A 
12

1O
.B

80
7«

Ii7
2

8*
1

9
-
 

:

6.
11

2

W
.0

16

en
 U

pte
Oc

e

A 
12

2.
C

.: 
:

1.
1:

 
!

1.1 1.
3,

0-
75

6
o.

 
13

7*
23

0

M
ea

n

10
.9

87
7.

27
5

7*
63

3
8.

13
7

6*
57

6
ll

.li
.2

U

52
.1

01

pe
r 

^e
ct

„ 2.
; 

i
i..;

. 
,

1 *
 ; 

>
1.

;
O

. r 
•(,

i.(
^

!a

80
,3

.'V 11
. 7* 7- 7. 7. 65
.

4
°
!r

*
 

^ A 2. 1. 1. 1. 1. ,< *

1
0

.1* 01
^0

<"
'72

"'• r
>?3 «2

^.
!0

11
2

05
6 ft 13 o 0 3 6 3

63
2

A 
11

JL
Q.

8<
6.

Ci
7.

5!
7»

 j(
7*

3^
16

.5<
-

56
.7

^

ta*
 p

er
 l-

<--

A 
11

2
.5

0
6

1.1
=6

6
1.

37
1

1-
35

3
1.

20
6

2.
^8

1=

lu
.3

91

~> m

A 
12

10
.8

80
7*

lt7
2

7*
1

7*
1

9»
c-

^

A 
12

2
^

92
1
./

4
 

1
1.

27
5

1.
17

5
1.

20
6

1.
83

2

9-
1*

61

.M
ea

n

10
.9

28
7.

17
9

7.
1,

51
7»

U
6l

£.
11

2
X

7-
¥)

3

W
-S

ft

M
ea

n

2.
.' 

1
l.

J 
>

!•
-•

 
^

1 *
 ',- 

?
1.

3 
)

10
.1

61



TA
BL

S

Ay
e r

ai
se

 V
oi

m
e 

pe
r 

C
el

l 
( c

 u 
. ; . 

r, i .

E
xp

t.
 

Ho

S
ec

ti
on

T
ot

al

T 
.11

B
xp

t. 
Ho

S
ec

ti
on

T
ot

al

* 1. 2* 3* 1^
.

5* 6. T
F

* 1
.

2
. 3» !}
• 5- 6.

A 
k

38
«2

i*
10

0.
13

95
*8

2
!<

'•!
. 5

6
In

s*
 75

12
5-

33

37
.6

$

^
 

Ka
tjf

i
' A 

it

• 1
7 

52
.2

 
k

.1
 

lj.
.r

 
7

.!••
 a

* l
_/^

-5

.1
6 A

«•
••

A 
11

36
. 01

^
88

.2
7

91
*- 

01
99

. ;
'«

99
*1

6
1^

5.
 ?6

*.3
i

o
f 

0.-
:-;

 ;

(
C

U
. 

,-
 

:

*
M

M

1
1

. ^
17

0
-1

71
4*

.1
8

/0
• 1

70
7

.1
*O

2
* ^

-^
r ^

.1
7i

*5

A 
12

25
*7

2
73

»'3
6

85
.6

7
88

.7
6

6l
 >.

 5
0

13
2.

30

6^
.9

6

•,a
t«

 
lt i

-.

'JM
PI

f*

-L 
12

.1
3?

''?
.1

6
.1

3
.11 .1

2
.1

,3
^

.1
50

6

M
ee

c
.T

''*
35

' 
.^

'li
.8

3

: 
-0

7
1^

 t 
. ;

^0

78
. f

c

l 
-y

 0
i>

lt

,,
,!

' 
Jl

f?
. 

,:

*'
ea

»

• 1
91

7
• 1

7^
2

.1
63

6
.15

36
.1

J.
&

0
. 1

1;J
>2

•1
63

5

A 
ft

f 
( 

*
J
 

—
 - 

* 
V

i^
 

f 
* 

« 
JL

 -
w

" 
*
 

jy

no
. 6

5
12

7.1
43

6H
.0

2
1
0
1
.1

1

10
1.5

3

i'j
po

te
in

 1
;

-p
o

t.
 

K
.

A 
Ij,

. 2
^7

$
.1

 
1

.1
 

0
.1

 
9

.1.
 

a
•i 

£
• 1

63
U

n<
 

4M

A 
11

'*> .
 ; 

/*
±

12
.

99
*

92
^'

11
7.

11
7.

:

39
-5

1;

itr
o^

eD

J 
A 

11
.2

^-
7

. 
«i 

./O
* 

J 
If

?
*3

 
,5

.I
b
jS

. 1
3c

 ^o
. 1

63
1

A 
12

36
. 

t
93

*
97

. 
i

97
.1*

3
15

2.
30

31
,8

7

M
M

M
M

B

4 
12

2^*
 '

i j 
"* 

s£L

.1
9

.1
7 

^
-1

57
2

.1
33

1
.1

50
6

• 1
75

5

-. j..'
 ,

*,
2

1^
5*

39
10

ft 
.1

0
92

.5
0

10
3.

15
3 

-.3
7

,1
.9

8

M
ea

n
.2

F
 "

5
.1

1 
>

.l
i 

;
.1

C 
?

.1
.' 

;>
.1]

, 
>

l?.
s



H
at

e 
of

 O
xy

ge
n 

U
t:

 .
e .

 
er

 . C
e,

. 
(.c

u.
ci

* 
x

i
 

'->J
^

B
x
p
t.

 
H

o

S
ec

ti
on

T
o

ta
l

fM
 a

 !
•»

•*
 1

3

B
xp

t*
 

Ho

Se
ct

io
n

^ 
i

» 1. 2* 3* h
. 5» 6. i x
— 9

1. 2. 3. 5* 6,

* 
h

22
.U

O
39

*7
3

33
.2

1
33

*6
7

31
*3

3
3#

»1
£

31
*5

5

A 
U

12
9.

2
19

6-
3

19
7*

2
23

1.
1

19
2*

7
25

0-
3

•M
M

M
H

M
M

i:
 

1
1

31
*7

9
J|f

 .i
36

.
^4

-5 
v

U5
*

38
*.

38
.0

1

i- r
ot

©
 in ^n

»%

A 
11

1K
-.U

2 
.0

1'
 

.0
2i

 
-8

3-'
 

*5
25

0.
9

> »

.- 
12

2
^.

9
2

33
*1

3
29

-
3'

 
J

D 
.i

3 
• 

; 
;

29
* 

-

IM
MP

A 
12

1"
 .

7
5? 

* • 
<>

?.-
 

.6
2 

.9
5> 

*9
2 

.6

le
an

-6
*3

7
i7

*7
S

••
03 .0
5

•2
9

j 
*3

^

33
*0

8

M
ea

n

13
6*

3
? )

 1 
• If

^ 
3.

3
i 

3.
6

: 
'i.U

\
t *4

27
* 

hO
"5

5*
^7 •3
0

• «
liO .8
2

... 
'.1

5

3i.
«a

,

(p
g*

 
x 

1C

- 
1*

" 
1.

7
'3

.0
3*

1 5. a 9*
7

3*
3

^
S

il
 

12

•1
6.7

? « 
27

*
* < 

l|( 
* * 

/
.>

: 
' 

37
. 

:
jl

*(
 

32
.

35
*-

 
26

.
i;2

*;
 

i^
l>

.

37
*C

 
33

.

r6
) A

 
11

 
A 

12

15
9*

2 
1°

 
.0

^1
*7

 
& 

.2
£0

*3
 

2..'
 

«9
•It

* 3
 

2< 
*9

21
3*

6 
1 

.6
31

i9
*i

i 
2- 

.9

Be
t.B

.r*
55

2«
*2

6
,6

0
«/

7
• 6

y
. -

09

A
.»

M
ea

n

13
7.

0
21

5*
3

i 
->»

3
'f 

.1
s- 

'> *
 2

T
ot

al
19

2.5
 

21
7*

a 
19

7*
1

20
2.

5
22

7*
6 

18
9*

6



VJU

..«•„„• .1:

y

v

— rut
- *

i 1 U

- ..ioc-*fcia. o •
. .,



144

..... ol
CU Oi V t . 1 Cl Q-r lit i.\ £51. b* ' .

- .f la/it
on f A. 9 UJLuev^-ui tt-X, h.A. ,

. JLOJL. tuia L-:«U. -c. AVI:

. .:j.Ol« v.C.

;> 7**
u.

ci*

-u. v.-u. uiiiV.

.'i*U'»..i>i3s/.if i~ * • 
no \fcii4b 1 Voi

.i . - ' Ox

Uiii'V CO. cJ.

01' . . ts
3 U.» . >

J.JLJ.;

XXbfcJUte wUj. luXfc *


