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SUMMARY

The erpoure of the root syetem of broad a dص kidney bean seedlings
t cadmium chloride clearly showe that strongly stimلu ated plant rots
release F and absorb Ca i amountsص exceedig the absorption and releaمs 
of these ions i nomally functioning roots.

Tha reEiprocity of K and Ca absorpton and elimination by rooهu 
under noral conditions of nutrition, the iعn reaEed excretory functon of
the roots with regard to K, K releaEe and Ca absorption by the rootA
caused by high concentration of CdClر all iht evideceف suggests that
rythmicity of the rots due فز to periodic changes i their fuctionAl atato
(excitation - inhibiton), and that the «ion pump » playa a rle Aimilar
to that in anنmal tiasne,

INTRODUCTION

L ,u stdyفprevio م ه Nosseir and Spiridino٣ (l965), found that cor
and pea roote hehave diferently tbwardو tbe absorpuon and eصنL ination
of nutrients wnder various levels of temperatume, ph and lght regme
Rhyuhmieity in the ion absorption and elimتnation by these planقt wهe 
also observed. Themal, pF or ligbt regime stimulr generally enhanced
Ca absorpUon and I release. 'The experiental period of thفi stdy wقa 
72 Hours where only uhree deEerminations of ions abEorbed or released,
were done THe importance of Ca as a preservaDive far the fine structumo
of cyuoplasn (Maعr hner et al., 1966), ndه he diveree reponse of Ca and
I uptake and elimination to phyeica} suimuli after relatively long periods
(12, 24 or 72 houra) have led me to uوe a chemnical etimuهu (CdCl) where
successive one hour-iterval determنnations were carried out during a total
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expermenta] period of 12 hours. Accordنng to Smmora (1955), CdCl,
(10.3M) coucentration stops streaming of thc plant prtoplasnu TTe ra  tع
of cytoplasric streamنng is a relable inricator of the funetional status of:
the cehls Ro tlat the changes caused by CdCl, show that this compound
iر a potent stimulus of plant tissue3:

The aun of tle preseut ivestigation is to study the effcet of CCL,
npou tle rytlnie absorption and elimination of Ca and K ly broad and
kidney bean edligsن where approach was made towards the elucidation of
the cause underlying Tythmic activity of tle roots

M1ATERIAL AND METHODS

Phaseolus wulgaris and Vieia falba eeeds were geminAاed in the eam6
w٧ay as previously ahow by Noeaeir and Spiridinor (1965) and eecdlings
wer transplantcd to nutrient eolution after l0 days. Screened deep glass
vesels, l L. capacity ench, wero used to contain nutrient ,e lutronم 0ne
plant is 6nppored in ench vessel so that the planفt could be transferrer
to other culture and the roots could he cramined periodiealy. Planas
wverc grow on a Knop'e nutrient solution containig 1.4l mM IN0,
3.5 mM Ca (N0°),, 1.19 ,m MgS0،.7H,0ل 1.05 aM KHPO9 aع d 0.95 mM
KC1 for a period of 20 daye, TEe minor element eolution o£ Shiwe and
Roblin (l942) wa9 uهed. THe plants werc grow in an aqeous cultare
at l/5 concentraUion of this miruure, aerated dلن y nه renewed l 2
timcy a week 'TTe plants were culirated and expcrimented on under
thc laboratory conditions where the vessel wvere kept at 23°C in n water
hatl and light intensity was artifieially adjusted t ه about 5000 Lux After
culDvatig the planفا in this nutrient solution for 20 days, they were trans­
ferred to Elutior of K a dص Ca clloride both cornhined or single. THe
e lutionم cantainenl 40 mgm./L K and 20 mgr./L Ca. Cadmnium chlorde
was dded ه these م solutions in concentrations of 10.3MI and 0.5 103MI
(Vieia) and 10-.M, 10-M d هه 10-%M (Phaeolws). Sample of te nutrient
Rolutions were taken during l2 hours wth one hour-interval. For each
trcatmcnt, 5 rcphicates for each plant vwere .u dعع Ca waA estimated by
titration againAt trilon eolation (Toseeir, 1967) and K by flame photometer.
Tle data ohtained (means of' 5 replicates) were repreeerted graphicaly by
figure 1, 2 ndه 3.

RESULTS AND DISCUSSrON

It is noted tlat 2 3 hours after transfer to CdCl, ,E lutionsم the Vieia
plصa M lat is turgor whie phaeeolus plants proved somewhat more rGis­
tant wlere part of turgor has becn lost by the leaves after 4 5 hours.



 ه9 ن

A comnpariso of ion absorption by Vieia and Phaseolus hikewise rerealed
the grcat suقceptibility of the fomer .,t CdClم This compound greatly
stimulated I release and Ca abaorption by Vieia roots. Dn a solution
wit an i tialص content of 40 mg./L K and 20 mمg /L Ca, I concentra­
tion was higher throughout the esperiment while Ca concentration drop­
ped aلmost uo zero (Figure l). Such effeet was increased with the increase
of CC1, doxe used. The nomm a rythmل of F and Ca ahsorption did not
recoYer in the Vieia up to the end of the eRperiment.
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Fig. (1)

Tعh effeet of CdCL, on bsonuionه ndه eLimination of K ond Ca by Vieia
mooوt (from mixtre ه of K and Cم chloride).

I : CaCL, 10.%M and I :0.5 X 1٥-3M.
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In Phaeeolus, the effect of 10.M CdCl, (Figure 2) was much les pro»
nounced than in the Vieia where no appreciable K release by the rootA has
been recorded. ln this variant of the exporiment, Phaseolus ahsorbed IG
at sone hours while at othens it elimنnated this ion. Both absorption andl
release of I prceeded at a smنlar rate so thnt the initial and final concen-
1ration of F proved similar. Ca was absorhed but to a much lesser degree
than tat by Vieia, (Figure 2).

40

35

30

3 25
٣ي
 ي
 ب

 فن
 تي20-

« ة

15

II

1

Dlيم ممإ 
٨a ر  أ4ر يج ر٦

٠I---٧ أ٨٨ \/ ر عد-/\
٧٧'

10

5

0
0 2 4 6

Haurs

Fi٤. (2)

9 10 12 14

The effee٤ of CdCl, on ubsorption and releasc of K and Ca by Phaseolus rooقا 
(from a mixnre of K d م Ca chloride),

1 : without CdCl, II: 1٥5M CdCl, In: 10.5M CaC,
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A eerease in CdCl, concentration concentration by 100 times (10-5M)
causes a change in the reaction of Phaseolus to uhis stimulus where If ab­
sorpbou increasas while that of Ca decreases as compared with te control,
whereas a higher doوe (10-3M) produces an opposite effeet (Fig. 2).

An interediaعt CdCl, dose (10-M) was almost ineffective with regard
t٥ I and Ca absorption by Phaseolu and hence tlese data are not presen­
ted in figure (2), Such effect صه of different CdCl, concentration upon
ion abEorpton by Phaeeolus was observed not only wth mixture ه of I
and Ca salte, but alمs wu KCl .loneه WiuH 10-3M CdCl,, K absorpuim
by Phaeeolفu from a ICl eoluion was reduced, but increased wit l0-4M
CdCl, as compared wiDh the control (KCl without CdCl,), Figure 3.

I
4٥

٥ م·[

30

 ر بظ ما\٨
• ه«

 ة
 ن

 ج

I
٦ د

20

10

1412108642
0

٥
Bour»

٢ig. (3)

The effect of CdCL, n ه F absortion by PHaseolus from KCl و solution.
I : without CdCl, II: CdCl, 10-5M III :1٥-5M CaC1,



12

From the foregoing results, it is clear that K an Ca absorbed and
rlease Ly plants show a definite rythmicity independent of to outward
faetorA and witl a Eeveral lour period. Suc} a rythmicity has becn stated
hy sonne workers for other physiological processea such as photosyoLesis
(Waugl، 1939), transpiration (Curis, 1902 a dم LLoyd, 1908) and respira­
on (Brown et al., 1955). A several lour rythnieity period cannot he
accounted for by ontogeneLic or phylogenctie adaptations of tlc plants
٤o Ue enviroment since none of the environnenta] factors already ope­
rated around pea & con roots (Tosscir & ,S iridinovز 1965) or operated
aronnd hroad and lidney bean roots used in preEent inrestigation where
CdCl, was ued, Fhow sch a periodicity as the otler physiologieal pro

(.scs (photosyntheiA, transpiration or reapirationذ e؟ 

It, thus, can be proposed that tle cause of tis rythuieity is tc bipla­
ic chAracter (excitation inihition) of tle respoRses of tle roots toم 

CdCLي . Tle ryumic changcs are probably due, like in animnl organs t
porioUic variations of the functional stAte of the root. 0wing to the re­
fractory period during whicl the roous of the plants are unable to respond
to stimulation, te excitation periods are regnlarly followed by inhibition
periods. Tlis is why even under constant conditionA oF the euvironment
and with a. contiruouly acting stinuhus (CdCL), the physiologieal process
is composed of a series of subsenuent ipulses. Fenee alteration of ion
absorpton and release by Toots, thne opposite couمer of absomption and ci­
mnation of K and Ca and Le grcater K relcaee and Ca fixation are due
to overexcitation caused by CdCl,.

-yct a early as i 1902 19@, 0stcrhout las suececded in derorsهه 
trating that stirulated animal tissucs release into tle srrounding media K
and P0, ions while a sorlingل Ra and Cl ions Sihce then this observa-tion
has been reproduced on most diverse animal oljecفt , TTiف proces was
drown to be revereille, i.e. in resuing tissueA K and PO, ions are absorbed
whie Na and Cl ions are released. This plenomenen hs been called «ion
pump» (Troshin, 1956).

Some kنnd of &ion pump» has been rcveale from this invcstigation.
Following up imnultaneous F ndه Ca absorpLion hy Vicia & Phaseolus
roote, it is cear that F and Ca absorpLion cnrves proved reciproca, uhat is
to Eay while K is abeorbed, Ca is released ly the root8, and vice versa. The
reciprocal couree of these curves does not deped on the Atimlus adde
since the reciprocity of the K and Ca Absorption curves persists under nor
mal nutritonal conditions as well as in presence of tle ٤timulus,
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