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SUMMARY

The exposure of the root system of broad and kidney bean seedlings
to cadmium chloride elearly shows that strongly stimuluted plant roots
release K and absorb Ca in amounts exceeding the ahsorption and release
. of these ions in normally functioning roots.

The reciprocity of K and Ca shsorption and elimination by roots
under normal conditions of nutrition, the increased exeretory function of
the roots with regard to K, K releate and Ca ahsorption by the roots
caused by high concentration of CdCly all this cvidence suggests that
rythmicity of the roots is due to periodic changes in their functional state
{excitation -— inhibition), and that the «ion pump » plays a role similar
to that in animal tissne.

INTRODUCTION

In o previous study, Nosseir and Spiridinov (1965), found that comm
and pea roots hehave differently towards the nbsorption and elimination
of nutrients under varicus levels of temperature, pH and ILight regime. -
Rhythmicity in the ion absorption and elimination by these plants was
also observed. Thermal, pH or light regime stimuli generally enhanced
Ca absorption and K release. The experimental period of this study was
72 hours where only three determinations of jons, absorbed or released.
were done. The importance of Ca as a preservative for the [ine structure
of cytoplasm (Marschner et. al., 1966), and the diverse response of Ca and
K uptake and elimination to physical stimuli after relatively long periods
{12, 24 or 72 hours) have led me to use a chemical stimulus (CdCl.) where
successive one hour-interval determinations were carried out during a total
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experimental period of 12 hours. According to Smirnova (1955), CdCl.
(10°M) concentration stops streaming of the plamt protoplasm.  The rate
of cytoplasmic streaming is a reliable indicator of the functional status of
the cells so that the changes eaused by CdCl; show that this compound
is a polent stimelus of plant tissnes

The aun of the preseut investigation is to siudy the effcet of CdCl,
npou the rytimie absorption and elimination of Ca and K by broad and
kidney bean seedlings where approach was made towards the elucidation of
the causes underlying rythmic activity of the roots.

MATERIAL AND METHODS

Phaseolus vulgaris and Vicia faba seeds were germinaled in the eame
way as previously shown by Nosseir and Spiridinov (1965) and seedlings
were transplanted to nutrient solution after 10 days. Screened decp glass
vessels, 1 L. capacity ench, wero used to contain nutrient solution. One
plant is snpported in each vessel so that the plants could be transferred
to other cultures and the roots could be ecxamined periodically. Plants
were prown on a Knpop's nutrient solution containing 141 mM KNO®,
3.5 mM Ca (NO*} 1.19 mM MgS0,.7H.0, 1.05 mM KH?PO* and 0.95 mM
KC1 for a period of 20 days. The minor element solution of Shive and
Robbina {1942} was used. The plants were growm in en agueous culture
at 1/5 conecentration of this mixtiore, aerated daily and renewed 1 — 2
timey a week. The plants were cultivated and experimented on under
the laboratory conditions where the vessels were kept at 23°C in o water
bhath and light intensity was artificially odjusted ot abomt 5000 Lux. Alfter
cultvaiing the plants in this nutrient golution for 20 days, they were trans-
ferred to solutiors of K and Ca chloride both comhbined or single. The
solaotion contained 40 mpm./L K and 20 mgm./L Ca. Cadmium chloride
was added to these sclutions in concentrations of 10-M and o5 X10-*BH
(Vicia) and 10-M, 10-‘M and 10-°M (Phaseolus). Samples of the nutrient
solutions were taken during 12 hours with one hour-interval. For each
trcatment, 5 repheates for each plant were used. Ca was estimated by
titration against trilon solution (Nosseir, 1967) and K by {lame photometer.
The data ohtained (means of 5 replicates) were represented graphically by
[igures 1, 2 and 3. ' .

RESULTS AND DISCUSSION

It is noted that 2 — 3 hours after transfer to CdCl, solutions, the Vicin
plany lost Hts turger while phaseolus plants proved somewhat more resis-
tant where part of turgor has becn lost by the leaves after 4 — 5 hours.
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A comparison of ion absorption by Vicia and Phasealus likewise revealed
the great susceptibility of the [ormer to CdCl.. This compound greatly
stimulated K release and Ca absorption by Vicia roots. In a solution
with nn initial content of 40 mgm./L K and 20 mgm./L. Ca, K concentra-
tion was higher throughout the experiment while Ca concentration drop-
ped almost o zero (Figure 1), Such effect was increased with the increase
of CdCl; dose used. The normal rythm of K and Ca absorption did not
recover in the Vicia up to the end of the experiment.
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The effect of CACl, on ebsorption and elimination of K aend Ca by Vicia
roots {from s mixture of K and Ca chleride).
I: CdCl, 10.3M and II : 0.5 X 10-3M,
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In Phaseolus, the effect of 10M CdCl, (Figure 2) was much less pro-
nounced than in the Vieia where no appreciable K release by the roots has
been recorded. In this variant of the experiment, Phaseolus absorbed K
at some hours while at others it eliminated this ion. Both absorption and
releae of K proceeded at a similar rate so that the initia] and {inal concen-
tration of K proved similar. Ca was absorbed but to a much lesser degree
than that by Vicia, (Figure 2).
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The effect of CdCl, on ubsorplion and relesss of K and Ca by Phaseolus rools
{from a mixture of K and Ca chloride).
1 : without €ACl, Il : 108M CdC1, 10 : 10.3M CdCL,,
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A decrease in CdCl, concentration concentration by 100 times (10-°M)
causes a change in the reaction of Phaseolus to this stimulus where K ab-
sorption increases while that of Ca decreases as compared with the control,
whereas a higher dose (10-*M) produces an opposite effect (Fig. 2).

An intermediate CACl; dose (10-*M) was almost ineffective with regard
to K and Ca absorption by Phaseolus and hence these data are not presen-
ted in figure {2). Such an effect of different CdCl, concentration wupon
ion ahsorption by Phaseolus was observed not only with 2 mixture of K
and Ca salte, but also with KCI1 alone. With 10-°M Cd(Cl,, K ahsorption
by Phaseolus from a KCl solution was reduced, but increased with 10-°M
CdCl. as compared with the control (KCl without CdCl,), Figure 3.
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The effect of CdCI, on K zbsorption by Phaseolus from a KC1 solution.
[ : withowr CdCl, II : C4Cl, 10-5M Il = 10.3M CdCl,
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From the foregoing results, it is clear that K and Ca ubsorbed and
released by plants show a definite rythmicity independent of the autward
factors and with a several hour period. Such a rythmicity has becn stated
by some workers for other physiological processes such as photosyntliesis
(Waugh. 1939), transpiration (Curti:, 1902 and LIoyd, 1908) and respira-
tion (Brown et al, 1955). A several hour rythmicity period cannot be
accounted for by ontogenetic or phylogenctic adaptations of the plants
to the euvironment since noue of the environmental factors already ope-
rated around pea & com roots (Nosscir & Spiridinov, 1965) or operated
aronnd broad and kidney bean roots used in present investigation where
CdCl; was uwsed. show such a periodicity as the other physiological pro-
ceascs {photosynthesis, transpiration or respiration).

It, thus, can be proposed that the cause of this rythmicity is the bipha-
sic character (excitation — inhibition) of the responses of the roots to
CdCl. The rythmic chauges are probably due, like in animal organs 1o
periodic variations of the fanctional siate of the roots. Owing to the re-
[ractory period during which the roois of the plants are unable to respond
1o stimulation, tlie excitation periods are regnlarly {ollowed by inhibition
periods. This is why even under eonsiant conditions of the euvironment
and with a continuously acting stimnlus (CdCl.), the physiologieal process
is composed of a series of enbsequent impulses. Hence alternation of ion
absorption and release by roots, the opposite course of absorption and «li-
mination of K and Ca and the greater K relcase and Ca fixation are due
10 overexcitation caused by CdCl..

As yet as early as in 1902 — 1904, Osterhout has sueceeded in demons-
tradng that stimulated anima] tissues release into the surrounding media K
and PO, ions while absorbing Na and C1 jons. Since then this observa-tion:
has been reproduced on most diverse animal objects, This process was
giown to be reversible, i.e. in resting tissues K and PO, ions are ahsorbed
while Na and C1 ions are released. This phenomenan has been called «ion

pump» {Troshin, 1956).

Some kind of ¢ion pump» has been revealed from this investigation.
Following up simultaneous K and Ca absorption hy Vicia & Phaseolus
roots, it is clear that K and Ca ahsorplion carves proved reciprocal, that is
to say while K is absorbed, Ca is released by the roots, and vice versa. The
reciprocal course of these curves does not depend on the stimulus added
since the reciprocity of the K and Ca absorption curves permsists under nor-

mal nutritional conditions ns well as in presence of the stimulus
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