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SUMMLAII)

l. 'The cffcct of K and Ca lvcls in tlc wutritive nedia of pea planاs
o1 te interrelaLionships anong tutrint ions in tle tissu an1 on sonno
physiological proeEsses sucl as growu. tptak of nutrientE. sugar fornation
and distrilution of nitrgen fractions i rontk andl tops were ٤twdied.

2. I or Ca uptake and acculation ly pea plants, i presnce of an١
increasing concenItratio nf one of then a keeping the cuucentration of
the otler constant in the wuitive neuia, were Foundl dcpentlet on their
concettrations in the media.

3. hcreasing I level in the nwtritivc nedium reuuce tl alsorpion
of Ca to tle cxtent that Ca eficiency €ymnptonts uppeared. The sae lnap­
puned witl F wlen thc level of Ca was iucrased in uuc ntritiv nediun,
I nterferred wit Ca alsorpuion greater than Ca di wwiUn K alsorpton.
Also Ca or I antagonieed Mg aud Na wpuke.

4. Ieciprocal relauعna lups were foud lctwecn tle accunnulation of
I aud Na, K and Ca, and Ca and Mg; but positive relatior hetween tlat of
Mg and P. aa P andl N occurrcd in pea plauts.

5. Fn presence of css ع I Ca became limiting to growvt, sugar forna­
tion and uitrogen nuctnlohisn wlile wvitl incremens of Ca, K becue limit­
ing to then. nder K 0r Ca lefieiency. growtl١ was inliLitcd and was
rclatcd to uptake audl translocation of nutrients. Tle najority of tle
ahsorhcd ions wcre translocate to plant tps. AiLrate wa5 assinilateD  رز
rooاs aيs well n iف sloou& nn was utiliscd mainly in protein sy1unesis., Sinn­
wDltaeous witl nitrat: :ssiilatiow. asparagine and wnnino acid levels wore
i .crvased ا
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6. [ndler K dl,ficiency, the tto Enar أ contennL was relucrtl and this
ias acconpanierl l٤ sinultaneous redwction i 1l« uptakc al ccunnulation
٥f K, P and N. Iowerer, under Ca-dleficiency. totul sugar content together
with uptak wl :ccunulauion oF ] were increasel wlile tlase of P andl 1
were dccreascd. Alhongl witl dlefieiency of F or Ca, asparagiue, amino

-cid: a mainly [roteins wer rcduced ،lue to reduction in nitrate assinilaم 
1ion, et tlte nccunulation of amides pls anino acis was 2raIcr than tlat
of proteins wner Kdefieioncy wlile tle re٦7r٤¢ was trwe in cntrol and
Ca -dlcficient plants.

،. lnterrelatinslips arotg ntricnt ions as they occurred in rots of
plun¥ cultivated i ifierent cultur nelia were &inilAr to thosc occurring
i correepondi tops. Altougl tle tota] -N contents of 1le tops were
ncl lrigler than thse of th roots, ye4 pnragine and protein contents
wh1er calculated as percent of th total-D wcre {ound cqual in roots and
tops of plants rcceiving excess li or Ca in preEence of a constnnt Eupply of
the otler ion indlieating sinilar courses of +ynthesis in roots and tops.

INTRODUCTION

'٢\١e growtl und evelopel nf plantA drnd to :1 grTat extent on tle
nalwe of netahokism. Tl rougl ر change, af th prvailing conrlitions around
th١٠ pl, espeeinlly the nutritive Ietlia. 7ariatiots in1 nnctalolisnn can le
oltainedl. Tl, tle role of the nutritive medlia on th wita} activity of plauts
«an he ٤twdlied.

TH١٤ cffoets of ifferent ratios hetwen F nd ta on growtl and meta­
holisn of plants is one of tle nosl inprtat prollenns of tle mineral nnri­
tion of plane. Armo andl Johnson {1942). 0l±cn (1942), Sideris and Young
([950), Edgerton (19181, llanson ad Kah (1957) adl Coail ann Slattery
{[918) slowet that growth ad netubohisn of dlifferent plants varied dlif­
ferently to clanging Ca/K ratio ،in tle nutritive nedi.

A conplicating factor of uknown significance in tlr F acumulation
nf plants is thc pronoting effcct of' Ca and othcr di- and tri-valent ious on
tl١e tptake of K and sssociateu anions ( Viets, 1914 ) Suulies ٥F Viets
ffeet lare ben 1ade winl Harley ( Overetrcet et al.. 1952 ), Mung beans
( Tanada, 1955 ) nnd 1ore recenty wit cor andl larley roots ( Fodges
and Elzan. 1967 ). Hlanrsnn andl Kahn (1957). however. forud piea ه17  آ
le1s effeeL witl١ eurr hut not w'itl soylean r01 whcre ninute anounts
«f (٨ Jrpressedl K nptal:e an necmulation hy the laltrs, Cooil (1918)
anl Sl١ear rt al. {196) tlcunonstrate thaL tle loa anlount أ of cutious aLsor­
hed !y plan ه fron ifferent wcrlia tends to approacl w constant hut tat
١h١٨ reltiw« accnmnlarien «f H an] (a i0ب lepentlent tpon tle rtios 0f 1lcse
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ionR in the nutrient mcdia. FIil concentration nf F will tend to dcpress
tlc accnnalation of. Ca, and vice-vcren. Sindilarly 0rerstreet ct al {1952)
lcnonstrated that n given concenlration nf Ca exerLs lotl u tlepressing and
stinulatory- effect on tle ahsorption of l l hrley roots annl tlat the
effeets are related to the cocentratiou of I in tle etenal nadia. Mlore­
over llodges and Ilzan (1967) foad Ca ilibition to F uptake hy cor«ح 

roots during th initial plases of transport. As tle absorption periods
wver Hengtlened. tle effect of Ca radually ع clarges fron an inlihition to
n 1gpical promotion. Itentical cxperiments with barley ad oats led tlen

illustrate the huazards involve in applyiug rcsnlts oltained witl onc ( or
evcn several ) plant spccics to all species.

in plants wnderق accummulation an distrilution of ntricnق, s regardط 
wariable conditions, tlne reader is referred to the wor k Fت W;Ilians (1948),
TVadlei g tل an Bower (1950), Snitl and Wallaee (1956) and more recently
by Roaeeir and Spiridinov ([965lر ). Fovever the relations hetwecn total
sugAr contents and mptake of ntriemts lave lcen Etudied hy Hunnphries
( 1951, 1952 an 1956 ) wsig harley and pea pants.

Jecaue of tle conpleritics involvcd i the suudy af ionic interrelation­
ships, meh of the rccent work has hrecn one with ercised roots anl
radioactire traccrs in an effort to cllncilate th individlual aspects af tle
overell .rollcm م Fowever, intrracLions betecn inorganie salntes are pro­
hably eprcssed during tle total prucesees of alsorption tlrouglout intact
plans sice rccent cvidence ly Smiuh and Spstein (1964) suggests tlat
active u sorptionل ly heaF tisrue is sinilar to the process tluat occnrs in roats.

Nosscir ad Spiridiov (1965l tudied )ر ك tlne effec٤ of I/Ca ratios iu tle
mutritivc mcdia ou the nptake and trarskoeation of isotopie F and S hy
phaseolus plants. In that study. the totl nolur concetrations of F -+ Ca
in tle diffrcnt mncdia were eitlr alore or lelws tlat present in nomal
loagland eolution and constant levels of I or Ca were not triel. L theص
prsct study, coustant molaritics of F or Ca as those present in the romal ة
oaglan solution are used. L thc Eame tine prgressire increases in con­
ccntration of ore iou in prescnce of a coustAnt supply of te othcr ion und
keeping tle other nutrients cotstant ar trie. lner tlrese conditions the
tntal nolar concentrations of K+ 0a are always higler tla» that of tle
1onnal Hoaglan solution. Tlw purpoe of the [resent stutly wvas to deter­
mine the EffecUs af F and Ca levels in tle wntritive wedlia of pea plnnts
under the conditions netioned alovc on some of tle iterrelntionhips
au1oag nutrient ious as they occur in tissues. Atlso tlis study was extende]
to include responIscs ont أن٤ plyEiological proeesses stch as gruwL. uptake
of nutriens, stgar foatio audl dislrilutio١ of mi1rogen fraetions not only
ir rats but alsa in shts. (annseuuely, tle physiological aetivity of the
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rools eanhl h٠ «n;+are»] witl» Ils٠ nf .ars» خ I'٢,٠ .أ١t- ٦١٢٦٤٠<٠١٢٤t٤٠٨l fo٢
sucl a stu0١ hecawse' «f ٢ [reviot 7perietr itl tlir' ntol of ultiva­
tion and wi1١١l١. analytical 1celuiyts snitali« far tl١'n١١\١-٠ri٢ a  أ
5pirirlinov. 1965a ).

WATE;٨IAL, MFTIOnS N F1FERIHIEITS

{'iwunt satit, vari¢1y Little ي M1arrc} ٨ srr15 wdre gج ernninated] i tIe
un0 w . ة4 ن AhowA in a prvions wnr} {٩ \7ssei٢ ([9{}1. '٢\['٠0 4«00t1 ٦٤re
fi٢٤1l, saaketl in ٦a١٠ for 4lours . tle wistrilnl ily ج ١aist Iillr
٢٤er in l««scly ««ver petri-tlisles, adl fiuly ieulat- a1 5(' Af4r
thc٦ porlweel rarlicl0ب f 2.- .cn ل ln? «ael. tl١ 7aung <«dliu, ١١٢T٤
5u1pporLed} in the ultrv ث vese}± wit1 ١lwir r:tdlicle, innrsetl i١ watdr as
shown in platc (l). 'Tl ١rvdllinyrs@ ع were 1rasferrel t mIrirnl luions م0
nftr 2٧ lays. Screene tp» glass vssls. l E vapueity 0ael١ w«re uset to
cottain water or nutrient Folution=. l:au plants wtre suporttl wviti
1ols in a praffined weuden cover put in cucl١ vUssrl sw tlut t plariLs
cl le Irunsferrcdl 1o tlr ن culIrs an tle raut coll i e ر ninct لا
periodieally. Plans ere growu on lIoaglanl ن s0lutio rcont:ining 5 wM}
F20,: 5 nnMI C (N0,)2ي; nM MgS0.7 0 al 1 w0M IIl,F0, 10getlrer
witl tl nicrvelenentx af S{nive anl hallius \usseir, 1968 ). ;،l lرria. ا
levcls nf Cu andl l: in the cwltre netia anl lence in pl:uls wvere ohtaincu
hn٦ adlrlitios ot htl «r (:Cl at (liffrent «otcentratio- :«!earliي to tl
falloweing selene

Nornal hoalad slutio. 0lesignalel as K(:a,

N«rr?al lI«aglal sulution. + 2 ١M (:atl. rlesigiatet as Ii,(ia;

27orwnal hl0aglar lution, -+ ٠1 nMl tatl., «lisigntt«t ,K<(a ب

2ornual lloaglandl solutia. -+ 2 nA{ KCI . 0lesignat« a= Ia(و 

Noral hoagll enluuio. + nM ICl , 0signateu as h,،.Ca  و

Naral Hoaglund solution, -- 5 ١M KNO, ٠} 5 ١M 3aN0., 0lesignated as
K,Ca,

.٣nal IIaaglandl solation،٦ ر nM \a\4., «rsiguatetI'{٨.5T (a {t»١ ر
:.Cم s Kه 

l'٤١١ cultr rRplie;00'4 ١٤٢٨ sel for 0٠vd٢٦ treattntent t take a 1otl of
): ا٥٦٥«»٥« prinental 0sels. 'Tle pI af thw٠ nwtrient salntios was maitlirel

a1 5.6 --3.8 tlroughou١ t١¢ wlole sprincnLal prriol lny periorlie additiws
eek anl١:af 2aOH ،r I•.S0,. 'Thr nchiu wvas r0١١Wel «cR١ بracef0 ر

foreel uerution wa= [١ravidledl {ar ecl cultur ssel tlail. 'le plunts ١ere
culrivate! i١ tl ،lift«re!1١1 eulture netlia 1ulr Cantrolldl anrlitians of
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1enperatur ( 25 -- 270C ) andl cntions lilt ( 3200 [ont anrle) 1n,٠ ح

٤٨pecially esignedl cnltivation clamlr,

At tle end of 1he xprinental priol wvliielr Iaste for 5 ١eeks, u
correspoding plant organs ( rets or t] ) f ٢٧ery trrulHent wcr collec.
te togcther an wixdl well. 'Ih ro01s ١¢re wuse tlrorougll wvith٠٠٤ا ا& م-'•

listille water and rie gcntly l١etw' llotting paer. 'Tl plant 0rganق 
of every treatuent were tle «iviledl iut t%o harcheي. ( Latcl after، اكه •

Ling weiglcd in a cov«ret plastie hs, w= cu ito mnall ء pniees au im­
ncdiately kille in hoiling water. .4tr exiracIio wiu water, protein wa
coaguluted by acetic uci ntl clillig 1reatnents un thenr sRpirated by
filtration tlrouh lard filtr ppr ( M latnran Ta. 5± . ا TWe Filtr١e after
being completed to a known vluie 1vas wsd] for tle «leterninaUiou of the
soluhle nitrogen frucLos. hlowver, tl rsidlue wة s did. pwtler nd
wsed for protei.N ،leterniation. Tlwe nretlos uscdl for niLrogen fraction
eteminations are tloee adoptdl ly Hl.Slishiny (1955) exeept tlat for
tle detemiuliu of tle ani acitls wliel١ was c:rrie] aut nIsing th nir
lydrin metlod ( Nosseir, 1968). =

Tlue second hatcl of th rn: ق tratnent after hein٣ wveiclddl, wus t
•'3 ج٠4

into snall piecrs an tlen «lriel t l05"0 uuIil : canslant weiglt. .lfter
the dry weiglnt dleterninaLon was «ln, tlre dlry 1atler wu5 round ع to a fino
powder usiing a prcelain nrlr, «lritl aain in tle oven anl then sanples
ere taken fnr tle iletcrnination 0f 1oal suب ars ant annino aEis ar nnineral

cOntcnt8.

Bntraction, ٤eparatio anl dleterniati of sgars anl anino wcius
wee done using the ulods adoptel hy 7asscir (1968), A known weiahtه د ي •

of tle Jry powder togetler witl a conrvctien vulum of water-alcoho] ni-
ture were trunsferred ino u cnnieal flask fitteء l witl an air condenser. Tle
flaek was thcn imncrsel i a hniling walr lath [or 30 ninuts. After=ج٠ 

colig, the flask was agitated for l5 ninutق using a sliaker. 'lhe suspen  ته ٣ع اته ن٠٠٠ ،

&iou is tlen filtered and the flLrate was «vaporated till ahout l0 nl. Tl
60gars are then ٤cparated fron annino acis in tle filtrat using tle ionج' ر •
cschange resin cnlunn ( KY •• hruuglt fron Moseon ). Tle flow contain-
ing 6ugar& was receivetl an evaporeted to 0lryness at room temperatare.
Th١e anino acidls were elutedl l» l06 و annonia and th eluate wns reeived
and] «waporatcdl. 'Toual sugar content was determined eolorinetricalls using
١he uلا rone nctlonl wlil annino acial content was tletemiedl using th:
inlvydrin netlorl, Nosseir (l968).

s rganls mieral nn:lysis. knrowa1 weght of tle dry powder wasذ 
asled a 550C [or a conveniet tinn unlil a perfect clean wliاe asl vas
ohtained. H aslingg wvas curriel ont in preAtrree of My (N0,).6H,0 si٤

.kon ر[ف 1960). 'Tl\ aد Jue١notlr sanp»le fran tl lry powoleru wutterة 

(12)
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was tleu dissolvcd in 10 ml. 0, 5N HCl and then tlilutedl to 100 ml. ( Sideris
& Young, ]950 ). Aliquot from tle dissolved asl ١rere taken an uscd for
deteminations of Ca and Mg hy titraLion against Irilon, P colorinelrieally

(.nd I and Na ly flame photometer, Nosseir  ه1968)

During the experimcntal period, ue levelopcnt an eonc growvt
character of plante inelwding mnorphology and eizc of roots and Eloots aud
extemal eyptoms of nutrient dcficiency were rccorded. Tle untreated
plants were harvested after cultuing in listillcd water for 20 dayE.

At the time oF chaging the nuIrient salutions, aliquot samples were
taken from the old solutions lcfore discardig n ة of the new ones before
transferring the planus ucreto, and measnremen U wereف nade for NH,, N0,,
PO,, Na, K, Ca and Mg using the previously nentioned nnetlods cxcept
nitrate whicl wvas dcunnied colorinetrically wing disulploplenolic acid
( Noseeir, 1968). AlEo volu mncasuremnnts f le mutrient soluUions at
the buginuig and cnd of intervals of clangc ( one week) ere mnadc antd
adjusted to tle original volunc for correction of tle residlual conccntrations
of the iffercnt nutricnts. 'Ihe cuulative ahsorption of tlese nutricnts
throughout tle 5 wecks of the experiment were ruit consistent with the
uptakcs detcincd ly substracung thc total coulcDts oF te unlreated planls
from the corrcspondig total contcnts of the treated ones at 1he cn 0f
expcrineN1, and are preeeuted in figure (2).

IESULTS AND DISCUSSION

Grotlء and Dcoeopnnet o} plants «t varios tvely or K and Ca

THe resulte in figure (l) slow that F or Ca, when supplied at cquiolar
concentrations to pea plants a4 levels alove or helowv those prsent in the
nomal Hoagland soluLion, exprcescd depressive cffccls ou growth aud
development of plants. Sel deprcفs ion was further enhance hy furthcr
dditions of equinolar eotcentrations of K or Ca. Tlese rcsults indicateم 

thar maxinum growt is ohtained wvitl optimun concentration oF I or Ca
but not witl wuxinnun or ninimunn concetLrations of tlcsc clcments, tle
uptalccs oF wlich were depcndent on tleir conccntrauions in thIe nutritive
media. Sidcrs and Young (l950) reocled to tle sane conclusion vitl pine
applc plants cnltivated at different levels of F and Ca in tle nutritive mcedia.

Iowever, plants eeenn to respond differcntly to nutrient Eolutions lIav­
ing different F and Ca lerels. Anuon and Johnson (1942) found that
growt of lettncc plants wa progressively inprovcd ws tle Ca conccntraTion
addcd to tle mutricnt eolution was increased fron 20 to 280 ngm.ما/ wlereas
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growth af tomato plants slrowsed ، nnakcdl inerrase wpou increasing tlre Ca
conteut of tle mnediu fron 20 1 ٧0 m1g.L ndl ه a furtlIr iucrasc to 280
ngn./L was not associatrd witl furtrer increase it growl. WFitl pea
planLs under tle prcent study. intcrusig tlre (a content of te mutritive
nedia fron 40 to 200 ngn./L. caRsed a narkedl inerease in growth, and
derclopnent hut at cmcenrations ahove 200 ngmn./مL , rowth an dovelop­
ment Were progreEsively reused.

On te oter laud, Ldgerton (1948) studie tle response of 2 vurieuies
of oung upple trees to nutrient solutions kring I conccntrations of 25, 50,
100, 200 and 400 mgn./L He faunr tha. rowtl1 ج incrcased wvitl increaEing
concentration of I nup to 200 nج ./L witl tlcltosl variety of the trees
and only up to 100 ngnu./L wit Delicious variely. His results also indica­
ted tlat I is freely absorbel hy apple trecs heyoud the point at wlich
naxinun growtl oceurs, Witl pea pluns wnder studly, increasing tle If
contcnt of the nutritivo mcdia fron 39 to 231 mg.L caused a marked
icrease in growtl oF plats, but wit cuncenItrations alove 2341 mg./I,,
growth was progresively leereused where If wa= freely ahsorLed irrespectirc
of growuh.

Also figurc (l) slows that dry weiglts f 1ps of pen plauts eultirated
thIe various mutrieut solutions werc very uucl luigler tlan thIc weighntsس 

of corresponding roots. 'Tls fits gou with tle results dcpieted i tables
(1), (2) and (،) where liglcr fraeLions of nineral clencnls, sugar conten  قا
and nilrugen freactions muinly proteins wvcre reordcdl in tops tlan in root6
٥f the sune plante. Accordig t0 WitIrowv (l95l), the nincral elcment6
enter into syntlesis with carloldrate Jcrived nnaterial aud fonn te mneta­
bolic ud stncturul conponcnLs ot planجا . Also elenents may accumulate
i te vacuole and so provide ue nccessary concentrutiot of ٤olutes for
producing tle osmotie pressure «xurted hy the eell.

lt was interesti to fi uat pea planLs colLivatcd i nu u ientع soluuion8
havng increasing a ث coucentrationE cxhihit symptoms of F defieiency loth
visually and uetabolically ( as will be hown laler ) while plarهu grown in
ncdia having incrcnents of F slowr synIptoms of Ca dlefieiency althougl1
the levels of Mg, T an P were very much rednced in planLs receivig exccs8
Ca or K. Tles results are suPported Ly plants grow fron the beginning
of the expErincnt iu nutritive mediu defieient in K or Ca whicl showv the
Eamnc corresponding syptoms., LTnrler such couditions antagonestie effects
of K an Ca on tle uptake of eacl otler di occur rcducing tle concentra­
tion of tlre otler clcment to tle deficiney lcvel ir te tissues wiu the
resultant exlenal and nctalolic synptons,

K or Ca deficiency synptons hegan to Appuar ertcmaly o plant
organs during tle last week of' the xperircnt. 'The extcral syunptonns of
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Table 1,DiSIrihntion of 1lu absarhcdl nutrients witliy ret± a t01s peu اب
pant grown for 5 weks in various l«vels o1' F and Ca in 1le nwtritiYt rsedlia
( mgm٠ mutrient elemncnt'20 pln1s).

 ه د د ه

.{ccwmulatcd in rooTs Transloratetl to tops
 و٣{"2m24 مم<م د<س- -ه

Na K C٨ Mg 1 N Na K Ca Ml٤ M N

K1Ca5 5.8 0.2 6.4 1.8 7.7 3.9 39.5 31.5 25.0 2.1 10.8 36,9

K6Ca9 1٠0 10.1 17.0 1.٠20.0 11.5 15.6 63.5 73.6 12.1 38.5 72.7

F6Ca7 5.222.9 15.0 1.235.5 20.3 22.4 82.0 69.6 22.1 96.7 116.9

R6Ca5 6.0 ،48.2 15.6 71.0 63.1 37.6 33.5 106.7 65.5 31.8 175.2 177.0

K8Ca5 4.8 56.9 8.7 6.2 51.9 28.9 17.8 113.9 42,9 19.1 148.3 120.1

F10Ca5 2.6 64.8 5.2 5.7 37.9 19.6 12.4 178.7 29.7 12.5 130.1 103.5

F6Cal 9.6 6.6 2.4 1.2 1.7 1.9 56.1 32.3 7.913.6 4.0 23.4

TهBle 2,Toاما sugar contents in runIs ann tnps of pea pla grown 1ar 5 weeks
in vArious lovels of E and Ca in the »utriLivo medlia. The data are prescntodl

.mgms/gm. dry woiglt or 100 gn. fresl vvcigh: of tissuesكه Th١e dlata are
also giren as percont of tlat of the control in K6Ca5 solution.

Roots»4 Tops Roots% Tops
Treatment

ugn. percent mgIn. perccnt mgm. pcrceut mg. percent

Water for 20 day8 10.1 9 ٣15.1 13 32.3 5 120.8 11

F1Ca5 20٠1 18 18.4 17 80.4 13 165.6 16

K6Ca9 69.6 54 62.8 55 250.6 40 565.2 53

K6Ca7 84.3 7s £5.8 ٦٦ 421.5 68 789.9 74

K6C5 112.2 100 113.0 10٥ 618.2 100 1062.2 100
 بي ه

F8C5 124.8 11 130.2 115 618.9 105 1171.8 110

F10Ca5 10.6 125 136.6 120 703.0 114. 1256.7 118

K6CaI 180.1 160 180.4 160 720.4 117 1623.6 153

3Mga./100 gمه fresl weiglt 4M1gه .'gm. dry- 1eiglt
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I tefieicncy imclnded nottle cllorosis follow٠-l l»y tln dlevclopnen1 of
١ecratie ٤elloweisl areas nt tle tip al nargin ،f the l١'avv . ب eausc of- e '٠٠٠٠٠٠

th high nolility f ن K, tlrese synptans first apeared on the nore mature
leaves an then extendls wpwards l clapsr nf t. Alsn tl1ere was a teu­

lcucy of sone leavcs to cwrl tlownwardر as i hrercl lea anl palo plants
( Hewitt, 1963 ). (٤ the otlcr lad, (a leficieney catsed nalforatio

of thc yornger leaves and hoking af tlwn leaf tip aPpearing firet in t
youuger lcaves nnd] tle growing Mpices ns a conse«Tuetec af Dle leEs nohility
of Ca. Alsa tle rotts of' Ca- dlefieient plants were ltrt ء an hrown as in
Ca -leficient tomato phans ( Kahra, 1956 ), Mnreovnr pea plunls dleficicnt
in Ca or K as tle result oF clisturhing tl lalace htween tlem wcre slorter
an more stunte than tle plants grown in the nornal Heaglaudl ,ultion,
plate (1).

٩ م

m٥m٥mm٥m٥m٥ جا٢a ما
m0  س مد مد ي ،ي ص صن صا ميo ت صا ن رن ن ت رن ت ت

Hlte ]) f2rawh an} ilrr0lopnten «f ٢١e: pl:rts yrow٨ or :7 ١eeks in vaiowء lerels
:١etliI a Ca iu thr rutritivآن 
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}ribution ond traslocation o} elenudGs nt warious leuels oع ptake, disل 
R mnd Ca :

L figure (2), the uptakes nf nutrients ly 20 lants during the experi.
mental perod wvere shown. ConLrol plants cultivated in rormnal Doagland

-olution alsarle nutrients at different rates. Additions of euimolar conى 
centratios of K or Ca to the nutritive wnedia and kceping te other nutrients
constant resulted in progreesive decreases in uptakes of Mg, 2 and N. K
uptake was also dcereascdl in tle increasin Ca -serics while Ca uptake
increaes ly its incrnsc in the nutritive media. Also €a wptake was deerea­

ed و in te increRsing K-eeries wlile K uptake increases by inerease of itع 
concentration i tle mnedia. Tlse results clearly slon not only the autn­
gonistie effecte of K and on ث the uptake of each other y pea plants hot
also elow tleir antagonistie effcete on Mg and Na uptakes. Tle accomnpany­
ing reduction in absorption of P and N in preeence of ercess Ca or K in te
nedia is not due to the antagonistie effects of the laTters lut is no more tnnر 
nn effeet of growvtl diluton sه found by Dunlroff an Mielel (1967) For
pie plnnts. Ca ahsorbed progressively hy increase of its conccntration in
tho ntrient nedia might have o عاه interferred wvitl te physiological
functioning of tle aheorlcd F, ths redweing the phyeiological ectioity of
pea tissues. Thiis suggeeUion is supporte0l by Spiridinov (1963) who found
tlaat Ca reduces the plyeiological aetivity of plaeeolus and corn tissues.
Moreover Ca nuight have reduced euergy ependent F transport hy deerens­
ing memlrane pemeabihity wlieh iو indecd one of the classical euggestcd
effecte of divalent cations Collander (1959).

Ln literature, there is a good deal of work concernig the antagonisUie
effeets of I and Ca o te uptake of each other by various plants n ه that
ucl plcnomenon depends on the concentration of both ions in the cultnreه 

media. Tlus Viets ( 44و1) wvorking wvith bnrley, Tanada (l955) wiuh mung
beans, Jacoby (L96l) wt citrus plaص u, Hodges and Elzam (1967) witl com
a dه Piere and Bower (l943) with cor and other crops Ehowed the antago­
nهi tie eflect of Ca on F upعkما by excieed roots as wel] sه intact plantA. On
the otler land, Smit and T'allace (1956) working witL beans, oranges and
barley plauفt andl Sideris nه Youog (l950) witl pine apple plants slowed
antه gonistie effeets of F on Ca uptake ly plante. Tle latter authors also
found that high C concentretionم in the nedia intererred lesو with the
absorption of F than higl K cnncentrations witl Ca. The resnlts in hand
agree with those af Sideriي andl Yonng aince cminolar concentratioوn of
F and C deprcssedم te uptake of cach otler by pea phants an tle reduc­
tion wit Ca on F vptake was lcss pronounced tha wit K on Ca uptnke.

The depressive effeet of Ca or F on Mg wptake by plants are lso ه
reported hy Smith (1962), Ingestan (1957), Smnith et al. (1954), Hodlgcs aad
Haneon (1965) and Jacoly (196l).
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IIawrever in tle excess N - scries iu presene of low F ar Ca i the
١ntritive ncdlia. tle uptak; of nntrients was very mueh redluced helow
those i eRcee; F- or Ca- series cxcept tle uptake af Ta wlicl was incrcasedl
hy tle incereasc of its concentratio in tle nutritive neia. Similarly
hnlroff aud Miehrel ،(1967) 1eorking witl pine planls and Rains antl
Fpstin (1967٨ & l) witl harley roots faud thnt plant tisswtes alsorl Na
as a ftction of its conrcntralio in te culIure mnedia, 0n tle oter lantl
the anents oF Na taken wp hy pea plants cnhtivated in the dliff«rent calture
mcdia 6veept F,CagNA; anrl F,,Ca,Na. are tlerived fron thnt anouat added
as NaOH uring tle successive adز ustment of the pH of the media tlrough­
mut thr wlole experimncntal perionl. Actwally, Na analysis of' the nedia nt
tle sInrt of' every soltion clange was ٣cry law ( 8.5 -12.2 mg./L ), ths
tle antagonistic effecte of tle relatively rogreesirely ligler snpplies of Ca
or I on tle uptakes of Da was clear. Similarly Rains and Epstein (1967a
an ( ر[1967 faun tat F or Ca antagoniscs Na ahsorption hy harley roots.
Aleo Na aheorption is «lrastieally cwrtailed hy Ca as elown by Epstein (J960)
and (1961).

Tle antagonistie effeeLs of CA ar F on the uptake of each other nnd on
1ptake of Na or Mg h pea plants can h interpretted s م tle rsult of  ه
eonpetitio for a netnholicaly pretlcel lindig conpou as stggesLedج •

hy Overstreet et al. (1952). Laggett andl Epstein (1956), Iodes ann Hanson
(1965) annl Iains and Fpstein {1967h).

١len the F/Ca ratios 0f tle olnrions wvere plotted against tle K/Cح ،٨ 

ratios in the plants ( ronts ar 4eps ) as illastrated hy figure (3), the rclative
uptake antl henee accunnlation of K and Ca in pea tissnes appeared to ls
depcnlcnt on tle ratios of tlse ions i th nutritive meia. Banenn and
Kaln (1957), Caooil (1948) an Sieris an Young (1950) fonnd the samne
rclatior witl different plants.

1'ruog et al. (947) fau poeitive correlauions hetween P and Ma eo1ر -• B

tcDts of peas under ifferent nutritional conditions, thus Eupporting te
١ ة

theory that Mg ervesع as a carier af P witlin tle plan. Thiو resnlt iو 
cmphnsizcd hy the presnt work since Mg uptake and translocation to tops
of peas ran parallel ta those of P, tahle (l) and figure (2). In contraet,
Dumnbroff an Mielel (1967) faual no relarinnship hetwreen Mg supply and
P ntake andl aecumulation hy pine plunt.

Alsa the pasitive corrclation lctween wptake and aceantlation of N
and] P Hy pca planls cultivated iu 1le lifferent ء cnltnre nedia. figures (2)

 ا و±

& (5) elcaly low ع te close conneetion be1ween uptake and metaholisn af
N and those of P. Suel earrelalion is repeaLedly shaw hy so many
workcrs, Cole et al. (1963) asing com. .losseir and Siridinov (1965lر ) ueing
pascolus andl 2Yosseir and Hauluou٤ (1970} ing ر sneet potato. MLoreoverح ه إ •
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famudl,. ر: in ,0.٢٠١١٤la1io
«٠٠١»٠ «iwi» i0 ء م"""م""".م-"" إلإ١٠٤0٠٢٦٣0١٠»0  م٠٠i»٠ ا«

0hauel C4أ١ ،أ.ا:د"}" -إ"ج"" ا٥ إ٢/»٠ i٢ أ٠a0٠٩68٠١ (.أ»١
٢\١١٤١٢' togetldr witl increasin ٦ gي lrveks in corn plats is 1ot H'\٠1,٠٨1

lur r،١tler to nelaboliehages witlnin tl pla١ Ii,,ي.ر أ"!٢١١ ruwth

llnmplri٠+ 119٦1 1952 of wptake 0١f N, p٢at٠١l١٠tIat١l١a, +hawا١ ,
"" "i h4 ٢o01s 0 ١sarle; an p0 ٢٠l٠١١-. «lti١at٠٨ i٠ ««taio»+ 8٠fieient ٦a
tl1٢¢ elen4'1ts. iiervusr' winl١ irrrrasi 4ata] +uب r conterLs, A rexanina­
ta ol' his previaus rsulI . ب lunnyl١ri,٠;١[0٦6 ,l٤ ر l١0»wn tlIat tle positv

٦٤2 .9/ر0ر٠ "٠ا-

r'' ression ع uf tle nutrient nplake i a1rihtlle ب {0» ٢}0 ٢lucin snaar f٤
AT5 اة،٠+••

""" "1" concluA٠« eu0««أ diiin4= i00«in? ١0i٤١٠ «neiع «،RR a1 ٠ م
 ء• ح٠ ء،

hndwe Iigh rats af wptake anl vie00-٦7٠r-a. Sinr« the 1atal sugar detenni
 ذ و ه ي ،٠٠

_ucose. frietose an« saerose eolMeاز ent :oresiitaion inelu«eي he Mre+أ""""٧ 
١٢٤Iy it ca l safols caneiul٤٠l ١lua١١H٤٠r٠ is ٠١ fai٤ ,:, 1

• ' ٠s ٠ا اة ttn@et١r t٢٤ter1 ز03/

P ء aaa٠٢K٠٥١٠٤٠٠٠٠١١٠٠٠١/٠٣٠»٢ero٩"٠»٠0إ"ع"""""٤ عمم""٤" 

 ""ة"""""" إ"»٠٠»٢٠٠٤٠٠٠٠٠٤٠٠٠٥ ا٠ س١٠»»٨ ء»
•٩{ ،٠.٤l{٤٤ ا ٦ا'

«i«»،م»»ء:.» إإ"""م"إ"يم"م"""٠٠٠١٠٠٠١-٠٥ i٠١»٠٥iا٢٢١٠ ag«
 خ٣ ع١2١٣ ه م

sn٤ars maج١»١ e p rent د cr إ"""م,.دم ا"٠+٢ swel١ conaiions,
•٠-٢٠٢٠ ٩' ي٩٢+[٠٠٦ ب ه

Cwrpl capahle of' cannlinin٤ wei14إ ا ,م {r2ration af a chrennica]
(o١٠0«ة2.) مشد٠» ة "ر،أ "إ'ام""\٠ »ب٤٤ s Hopا rie,
Prerepisie ، f ر sal1 uptake !hli رi م artve prtei sy tlesis ر is a
teء witl dlecraهب s :,pب"""١, l0'erEase+ in protein foration were assneia.

٠4٠١٠·٤١E٠٠1٠١٤-٨د٠
٠١n٠] figur (2). "· lF ١ake; !»y l.«leficient plants. tall, ( ه)

 ح٠

 إ"لإلإ"م"ام.""".،،".٢ بادا بي٠٤٠١٠١٠»٠٠/٠٠٠٠i٠ ا--»»»٢٠٠» ساء
»- إ"ا"او""إ"؟"أ،م"،،، ا" ا;"/٠-٠ إ٠٠٠٠٣٠٠ ماء،

1l ese ions lnave heca translaeatei t , ر رم """" tlat ١he najor traetion o£
remaine l ء inr tre ronts. 0lviaus], il .ج "",م5\«١,1 oly a snall {raetion
«٢e ١he sents o£ s ntiweis ج fn s """"]م,أ'٢١, faet lat «roo1s o£ planre
to roots, Lundlegardl, (195]) " [tosynIlats are in part transfereedl

 و '=ج٠١: م

Tl٨٨ interrelationships annn nutrie١٤t i
t بم٠٠ ١٤ د

١١ :ts thy oeemre] in peaorgtrs ar' illustraLl i ١ ر fi٤un ١٦١

 »بته•• :-"ي.:تتي: إ!":, إي! /ي امنو»
١٧٢r.ents 1ithin tle plant+"م,, )Tnnl he eantraste! tle lrluaviaar  ن0٢

rGspects. u٤el١ ؟ contras-,[م], ted llIaviour af I ١ {a  ج بإر4١450;
 ا· خ ا±3٤١ ح1t١7٤{٦ اوذ,٠ا٠

Ia plants wlere higl accutula-tion oF I was al١¢ays a$مر »ri:c :٠[ ,,:، م
•<١٤٤١٤١٤/٤٢٤٢/3٤٩١٢٥5 ا٠٠

0f Ca anrl vic-ver٠٢٥٣umlation"T,,,in loti raaus al tupy.
-»s21s-٠

wiu,K.س،،م\ع م""" إلإي اله٠٧٣١٢٤٠٠٠٠١٠»٨٠:" KC٠٠١
١4t 1٧ th, inEterFvrenc 0f ٤l\٤]١r«:i1y

٤;4
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«'cess 7u prcaent i thesr metlia. lpit 0١f tho Hiب١] er catIernlration wj ('١
٠٣٣٤ F٤ in tl« mcdlia of tlwe inereasitg- :ن) s٢rie+ (figure 5), 4t I accutla-
1ion was alway+ ligher Flan (a. Sinnilarly Sniul» andl l ،llaee (1956)
shuowved] tlat althou g lج K'> c»eentrati in th luion« مج nT dlifFerent plants
١as only '/, tl concentratio ef €a, tltr0 ٢va+ a great acetulatin ١١٤ '5
than tlere ladl Heen for Ca. Moreover. l adleigl anأ Hower (195t) foun
ewidence for u reciprocal relationshiy in tl accwrulaion tf t Mfr «o
onc lan arر d Na an] h on tle otlr han a the جج tisu0s of heau plats
on rariutions of €a supply in the ١ut«r cnhrwr:-. Srel relationslips are
«pite clear (figur ( ؟ in pea pl:ts wnler ivestigetimn nut wnly on varia-
1ios 0f (a nnppIy bu akso n variation, 0f h suppl4.

As regard N nn l, inereasing eoncentrutions of I r a ا in the nut
ritive ncdia dcprcsscd progressivelr tleir aeeunwla1ion in roots and elooفt 
of peas. W'itl the difFerent treatnrets w. P aecnlauion witliiu pea
issues was always higler than nnd pnsitivcly reluued ١o 1lut of N andl tlis

-ll is ahle to accunن its witl Ietrie's eLatement ( lillians, 1948 Mulat tleا 
:{ate cl larger an@unts oأ' itrgaic and snlwlle orunic corpunds of
P than wvith N.

lron tle result slrown ly iure ا {5), it is clear that interrelationslips
:unong nutricnt ions as tley 0ccnr i ruots of pea plants cultivate far
5 weeks ifIrent رز cltmre mcdia ar similar to tlose ceurin in tOps،
Reen cvidencc hy Smitl andl Ep»>tein (1961) snggest4 tlat aetive ahsorption
an accwnulation of inorganic olulrs ع hy laF tiر sne ae sinilar to the pro­
ccsses thai occur in roots nf earn plaunls.

fssinitaLion o} nitrate a dlistribttio f witrogr fr«ctiur in planrs at
oariots leels of K ad ('a.

Tle ussimilatio «f nitrntes :s meusurl hy tls rate of disapearancc
fron pea orgons re ihlustratenl in talle (3١ 'Tl¢ availal ,l ر NVO,-N ineludes
the iiتU al nitrnte ( of wutratedl 1issues hplus tle dlifcrence hetween tle
t٥tal-N content of tle treuted and untrcated tissues. It is [uite clear thaL
the assinilation of niitrate w'us very ncl reatcr it tlr lps tlan in tle
roots of pca plants cwltivatel in th liferept culture nuedia. Sinilarly
Street & coworkers (1916) found thnt nitrate assinilatiun1 1as grcatcr in tle

-hoots tlan in tle rools of polao sprnts. 'Thi, tagetlIrr witl tle potula؟ 
tions of Burstron (l95) and the tinlings of Sileris atdl loung (1950) tlat
nitrate assinilatio takes place in elloropllous tissues loes ء not rcceive
viunce fron tlc preset work wi١l pe plats since 1١itrut assimilation

.shootsو ز ]]oes on in roots as weع 

Also talle (3) slwvs thal pea lans cltivatrl in connIrol nrdia (Fi (,Cu م
ontain 30 anal 83.2 ngm. NU,-N,/0) .t ع fresl wei ht ج of tissae in rots anl



١01

TaLle 3,-ssinilatinn af nitrat-٦1٦ ra014 andl tnp5 uf pca plants grown
far 5 wecks it ٦ arious lrvels ،f L anol Ca inI the nutritive mcdia. Mgu-
N/100 gnu. fre5h١ weight ،f tissues.

٠٠ و

Fa01s Tops
Treatment

vailah»leء haunt similater1 مءvailakle Irount Assimilated
N03 -N N٨3-7 .٥3 -5 N03 -N 3٨3 -N N03 -N٦

٠٠٠ بد٠ د ،مد »،د د ،

K1Ca5 60.6 30.1 30.5 211.9 120.1 121.8
» «د، ا،٠ د

K6Ca9 10.7 55.3 19.٠4 299.9 126.3 173.6
» ،د

K6Ca7 159.4 ٤2.1 117.3 430.2 105.5 321.7
 د« «د- د »، ء ،»

K6Ca5 236.1 30.0 206.1 587.8 83.2 50.6

R8Ca5 188.2 ٨7٠7 140.5 457.0 113.1 343.9
 و،ا «ادود د

K10Ca5

K6C1

142.1

48.2

02.1

١.7

59.٦ ي

،.5

،150.1 155.7

168.1 145.7

294.4

22.41

shoots respceLirely. hnrcasing thr levels af (a or I in pesetIee of a co1-
stAnt Eupply of eitlcr of tlen url keepin tle otler nutricnts constant in
the culture mcdia cauee pregressiw higl nHitratc contenL in routs anD
ehuoots. ln the sصu c time, I6 anl Ca lvels of tiesues were incrcascd ly tle
incrusc in coneentration of tles 2lenents in the nLritive media. Sinilar
results wver reacld wit i pinte apple uls« م Sidleris ا & loung, 1945 and
1946) wlere nitrate crntents ere 4reutcr in the higl-I tlur in tle low-K
cultures and wcre rclate direetly I٥ Ca levcl in م cultures and lence in
tissue8.

'Tle progrcssive increasedl :ccuntlatiou of uitrate in pca tisEues (talle,
3) i presencc of cxeces K or Ca in tc eulture &olutions togotler with the
coincident reducuion in witrate availalility in tle tissns rsulted fon pro­
gressire redluctions in nitratc assimilation. 'Tlne witratc asinilation wwas
always associated with proLoweetl itereascs in proteins andl relatively snall
incrcases in asparagine antl anino acidls in eiter rool: or shoots of planlق 
under variahlc nutritiomal contliions hnut are higlcr in slvaots Thau in roots
(tahle 1). Several invcstigators reporlet hicher protein syutlesis con­

٥y١٠ferdi plats or nrgas wvitl witratc and tlat 1e rate nfا enncttض 
tlesis is linited ly nuitrnte assiailation, S1enrt anl Street (]946) Sidleris
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c١ و٦ ي ، al. (1937) un l ء ([938١ anrl Sai0l andl Hl-Slislivy (19.49). Glntanine,
hawever, slawl n١ siguificant cluac i rats nf pea plants udler the
Jiffrr-nt eonditions f ١lr e٦٢١٤tin hut it leans sonewhat higl in tops٠٠٠ ا ا ح

inlicating tlat lttamin prusnr i4 protluced i tne ehloroplyllous
kisswI€8،

Cltanuuite. hIowee٢«r. wa4 t«tati7٠ls regrtlcd] lr Stwar aud Street
(]9.٤6) s a reaetive inrrrnueliat« in protcin $91wsis of potnto tuler issueE.
Sinee nsparaine was doninaling in Tea plant .it is possihle tlat tlis amido
c: act as lwanie als in potato tissnes. hinr interneliaEy in protein٠ ء م

synrhesis of pa plat,. MorUver. incerpnratio rats of variou aniuo
acids into tle proteins «f pea lonnogeat«s las heen ،lenanstrated hy
T٢elyeter ann Varer (1955).

Tle accumulation of :sparagine rautler than glutanine in pea planLsا --

cmnphasizcs tle reeults already ohtaiedl Jy Nosseir and Spiridinor ( ه1965)
where asparagi was te only ain aeil anidle tlat appeirs on the ehro­
matogran of hotl roots al slonls 0f pa pants cnltivated in Hoaglandج 

solution under differerl condlitias.

Talle, (3) anl (l١ al=u sا ow tla t٠ assinilat niIrate hy pca plants
cwl1iyated in nernl hFaglanl nlnlios w0re acnunter] for hy icrenses
nninly in prtei, asp»:ragine : :tin aeils. I١ roots, thes; iuerease

, g 4 ٠١account م4 ه٠٠ ه for a% ن.613% anl 3 ':٤ af tl١e assinilall nitrate as proteins,
asparagie ad aunin acidls rpectiv«ly. h the shoets, lowerer, tlcse
increascs accouut for 61 "6, 16 '. 133 %. 3 , ؟ anl 2%, as proteins, aspAragine
aminn acils. {lulannine audl rds1-N r00spclircly. Tnrrennenls af K or Ca in
tle tric nrtia ililsit ١l٨٠٠ ftrraion of 1lss fractinns i rots and
tops 0ue to relterins in nitral« :ssinilatirn.

Altlongl, tlre «uantiy «f Ilal-NV i , ر tl slools of pea plants wa9 nuel
higlcr tlan in correFpolin roots wnler ary evperimnental condition,
yct ,¢a paraginع atd protein of 1le rous as %k of toral-N ar [rsent in tle

nedia inك- ame proportions in sl@«ts ol plants cultivald in cxcess Ca- or bه 
prscncc f cotant stppli: f citler ions (talle :). Undler tse condi­
tions, sinilar courses of :sparait 0r rotein syrthrs@s in hotl roots and
sloats miglt have occurel.

As €uggeTcd hy Sirleris atd «١«nrkers ٢ 1937 annl 1938 ), hecaase of tl
lo٩ mte of itre ر assinilation i pine apl plants, carlohydrate might
hare lcen reservedl an] kep t ا rlativelv liler l«r]. 1luus promoting
protein ssntlesis. ln pea [lats unler investigaution. altloupl nitrate
aمو imiletior was 'lo١«rt l٢ tl١ iner'asr' of l ،١r (:a levl iu Lhe culture
media (talle 3), yet pretin 53nthesi; wa¥ als@ lowtrl i honl eascs (talle
4) wlile th totol sga e01l ١l«r0:ses ١١١١¢ incrase of (a lere] ht

(I3)
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increases by increase of I lovel in tle utriet needin (table 2) hou1 in
roots and slootE.

Since pptoms ه of K-deficiency were dominatig on the shoots of peA
plants receiring exeess Ca and emplasize ly planمt cultred from the
beginning and hrouglomt tle whole erperimenual period io I.defieient
media, it becomes clear that ligh concentration of Ca antagonisig the
absorptio» of K, have reduced the latler to defieiency levele iu the tissues
with the resultan٤ efTeets of I defeieuey on nitrogen netabolisnn and ugar
formation. THe same apPears true in case nf excess K lendhg to cffeels
٥f Ca-defieiency.

Table sparagino رمر6 + gultamine !- amino acidsrotein ratios in roots
f K an Ca inن nd tops and whole pea plats growmn at various lovels oم 

٤he nutritivcmcdia.

Treatment Roots T'ops Wole plants

KICa5 1.90 2.49 2.27

K6Ca9 1.76 1.97 1.64

K6CaT 1.08 1.05 1.06

R6Ca5 0.85 0.66 0.72

K8Ca5 0.88 0.91 0٠90

K10Ca5 0.84 0.96 0.94

K6Ca1 0.89 0.92 0.90

Tرl a main eleeهL of K.efeieney on e N metعlolia have leen stadied
hy Riehards and Templeman (1936), Side nd و ه Young (l946) and Cooil
and Slattery (L948) uEig various plants aud found higher proportions of
amideو and ino ه acids to prteins in K-Jeficient planمu . Suel relation is
cleAr from tهhle (6) wher tle ratio, of amides and amino aeids to proTcis
increase progrssimey hy progressive decreases in ahsorption and accuuln­
tion of K; in tc same time, total sugar contents as compared wit eonLrols

lution deereased. Similarly, Cooil and Slntteryم nommnal Iongland eمن 
(1948) using gusywle and Ruaعa ll as eited by tem using barley plents
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reportetl low tata] suar «ntents in K-rkefiicnt [lants, Tk\ 1٤n ٤١g٨r cor­
tents of pew plant tlrfirirn١ in F mil١t l0 attrilwutl t0 ١l١٠- ]0١ aseimnilAtion
rate, nndl higl respiration «f ١l6 IisstIrs sine,٠ lielnardls (792) foundl tlat
wvitl leerease in tr I supply to harly plas. the respiration rate ٥f Jearea
increasEs to a maNinun when th I =upply is one-nintl tlat nf 1l6 fallr
manuredl plants. Alر a Whi١٠ (1936) fondl tlat L mraم plants show low
asimilntio rate 1ndrr Ii-aleficieney. MoredYer, slortage «f K leadls to
reduetion i photos4 ntletie acnivi1y nf platts as -١at«٠0l l Stile1936)ع ),

The liniting efTect af Ca-lelici«ncy on tle N-netaholisn of pea plents
i also و clear frenn fignre (5) wl١٢re tetal-N runs paralll to ue level of Ca in
tle tissucs whcn I wus present i excts4 0٣er (: in tle ntrient media.
Parker nء l Tro; (1920) paintedl that in a s«ries ٠٠f 34 plant secie, tle
total-N content ardl Ca ran parallol anul thcy saw in tlis faet eridcnce of tle
ncid-eutralizing fuctio of (A. Tl\¢ sannt coneetion letween N7 neta-
bolisn andl Ca is alsn indiared hy tle work of Niglningale (l93l) wlro
found that tonato plants sufTering fro Ca-defeiency wcre wnahle to ahsorb
or uUilize nitrates to any ppreeiall exlent. 0u tlte acid-ncutrolizing
tlenry, tlis could h enplained s« أ suppasint tlat mner Ca-dlefieiency,
acids accunulate i tl plmnt d inlilit tle nral prcccsss inrolred
in nitrgcn metahnlism. Iere witl pea plants (tahl« 3), the availahility of
nitratcs in rools or tops lecreased prngessirely hy increase in €n-defciency
( F- increasing sries as conparedl with centrols in normal lloaglanl solu.
1ion ), Tlis wus accnnpaniel h nr pronouncedl retEuetion in mitrate
assinnilation whicl rahed] 064 anrl 95 elow\ ؟1 eontrols in raots and shoots
of plants eultivnted in ١le (a-cieient nncdia fronn tle hrginning an0
througlout tle «wlole experinental period anl this was acconnpanied by
rcdncrions 0f 81% andl 74% ' nitrate availahility hy root٩ and lootف . In
contrast, total suar contenو werc increascdl hy th increuse uf Ca-leficiney
nd reaclied 60% higler in ICa,-treatcd plants over trat of controls. Th8ء 

progressive inerease in total sugar cnntcts nf Ca-eficien plants wa9 aEs0-
ciated wvitl progressive «lecrcascs in tlc level of organic nitrogenous con­
pounds, mainly protcins, tnble (4). Undler tlesc candlitions, tHe carho­
bydratcs wliol wouldl nomally lc involred in tle syntlesis of tlesc organic
nitrogen comnpouts rcnuin wntiliwe] anl st the inerease in tlc total sugur
contrns ( tall¢ 2).

AlthougH the nuantiLy 0f tle total-N of tlre Ca.leficent or higl F­
plant wcre very mucl helnwv tlat of tl fullr nanuretl one, yct tle ratio
of aniles anino acids/proleins ure twal in roots anl ligher i sloots
of tle Cn-efieieuL plnnts than tlos ol' the fully nanurdl ones. ITitl all
plants. tlis ratio was ahways llowv unity. 'Tlcse rcsults miglt indicate not
only a nornn] rutc of synllesis oإن tloe cotpoundر in roots oF Ca-deficient
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phanr, but also proteinر syuthesis going o faster than thane of amideو and
anino acids.

On the otler hundl, witl K-defeient or higl Ce-plante, the reLios of
nides - annino acids/proteins are ahways higher than unity indicatng

(relatirely lower rate of protein sytlesis. Steward & Preston (L94lه 
S؟ aid Fl.Shisliny امه (1949) lave fuund thuat inereasing concentrations of
F, increase protein sytheis wlile inereaeng that of Ca produrces the
dirsrse procees is potao & rndish rooL rCspeetively.
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