
Botany. - Uptake and transport of chlorine by parenchymatic tissue of 
leaves of Vallisneria spiralis. 111. Discussion of the transport and 
the uptake. Vacuole secretion theory . By W . H. ARISZ. 

(Part I and part 11 were publlshed in Proc. L. pp. 1019 and 1235.) 

(Communicated at the meeting of October 25. 1947.) 

From the data obtained in the first part of this publication it appeared 
that Vallisneria leaves accumulate chlorine from a sufficiently balanced 
solution. This uptake is favoured by light and depends for a large part on 
the conditions prevailing in the period before the uptake. Since the cutting 
of the leaf in smaller pieces has to take place before the beg inning of the 
experiments a wound influence has to be considered. 

We have now shown that the wound has not only a great effect upon 
the up take but aIso upon the transport. This is in itself already an in~ 
dication that the transport is to a high degree determined by the proto~ 
plasm. While the transport is almost checked by the wounding. absorption 
proves not to be dependent on it ra that degree and appears to continue 
though with less strength. 

The first question we discuss here. is the one concerning the cause and 
the path of the transport. As a cause we may think of diffusion forces or 
suction pressures. which may give rise to a passive flow of particles and 
liquids. In the research made here on transport in leaves the occurrence 
of suction pressures owing to transpiration in part of the leaf is excluded 
because all experiments were made in a closed box which was quite 
saturated with water vapour. while moreover the free part of the leaf was 
lying on or between moist Jilterpaper. In their research on thetransport of 
asparagine in leaves of Vallisneria OUDMAN and ARISZ have shown that 
transpiration in the free part does not cause an increase of transport. Some 
experiments not mentioned here on the influence of transpiration on the 
transport of chlorine have given an entirely analogous result. It is there~ 
fore not possible to suck salt through the leaf by a locally stronger 
transpiration. These data. on one side the dependence of the transport on 
plasmatic influences. on the other side the lack of effect from suction~ 

pressures in the free leaf length caused by transpiration, show that a 
transport from cell to cell of chlorine n~ more than of asparagine through 
the cen walls takes place to any considerable degree. 

The cen wall transport found by some investigators (STRUGGER . and 
ROUScHAL)was no free diffusion. but astreaming under influence of strong 
suction pressures and occurred only over a short di stance. We therefore 
conclude that the transport of chlorine must take place in the plasm of the 
living cells. The cen wan must be passed during the uptake in the epidermis 
cells and in the transition from cen to cell, unless it may be brought about 
by plasmatic connections from cell to cello As this transport goes across 
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the cell wall over a slight distance th is is in no way contrary to the 
experience mentioned above that diffusion through a wall in longitudinal 
direction is of no consequence. 

No doubt the processes of transport and uptake must take place in the 
protoplasm. The difficulty lies in the fact that the permeability of the 
surface layers is insufficiently known. There are data in literature which 
indicate that the tonoplast is less permeable to ions than the outer layer. 
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Fig. 3. The scheme represents the two parts of the leaf. the contactzone and the free 
part by two cells A and B. In scheme I the outer boundary of the protoplasm is imper~ 
meable for Cl ions. and the tonoplast permeable. An active mechanism for the introduct~ 
ion of ions must be situated in the outer laye.r of the plasm. By plasmatic connections 
between the two cells the substanees invade cell B. Scheme II represents the condition 
that the outer layer of the plasm gives passage to Cl ions. The tonoplast is here imper~ 
meable and the accumulating mechanism must be situated in the plasmatic layers bordering 

the vacuole. 1< active processes ...... diffusion. 

This problem was discussed at length in a publication: Contribution to a 
theory on the absorption of salts by the plant and their transport in paren~ 
chymatic tissue. (ARISZ 1945) . It was pointed out there that in roots a 
salt transport through the plasm of epidermis and cortex cells to the xylem 
may occur without passing the vacuoles and that. various data show 
(HÖFLER. WIERSUM) that some ions can follow plasma tic tracts very weIl 
on their way from medium to xylem. The recent results of various American 
and English investigators (i.a. HOAGLAND and BENNETT CLARK). which 
were not at my disposal at the time. also point in the direction th at the 
external layer of the protoplasm does not check the ions. In the above 
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publication I suggested to use by the si de of intrability , i.e. the permeating 
of a substance through the outer boundary layer or plasmalemma, the 
term of transmeability to indicate the passing of both plasmalemma and 
tonoplast as occurs in deplasmolysis experiments. lts consequence is th at 
the above tissue permeability of the root only indicates intrability of the 
plasm, whereas deplasmolysis experiments show the transmeating of a 
substance. It is then the permeability of the tonoplast that renders a passive 
penetration of substances from the plasm into the vacuole possible. This 
conception forms the basis of our further discussions. 

If the Vallisneria leaf piece used in the transport experiments, for 
convenience ' sake is represented by two cdls: cell Arepresenting the 
contactzone, and cell B representing the free part of the leat it has been 
shown that when A absorbs chlorine ions, they penetrate into B as weIl. 
especially when B is exposed to light (cf. fig. 3). " 

There is no loss of chlorine ions which have been absorbed in A, on a 
change of external solution, e.g. on transmission to destilled water, even 
if the tissue is brought into an anaerobic medium. Seeing that during the 
up take the osmotic value of the cell sap increases, we are justified in 
assuming that the absorbed Cl ions are for the greater part present in the 
cell sap in a free condition. Their concentration can considerably surpass 
that of the liquid from which they have been taken. We conc1ude from 
this that the accumulation of chlorine in the vacuole is an irreversible 
process. A transport in only one direction must take place through the 
membranes and the plasm. The active accumulation mechanism is capable 
of taking the ions through the enc10sing layer. It also appears from these 
data that the condition of impermeability of one or more of the boundary 
layers is stabIe and does not depend on a process that is kept up at the 
expense of energy. In that case as soon as this active process should be 
checked by withdrawal of oxygen it would pass into a loss of tj:te sub~ 
stance first absorbed. The impermeability is also preserved for some time 
in an anaerobic condition. Only through injury of the plasm the state of 
impermeability is discontinued and exosmosis takes place. 

It is incontestable that this accumulation mechanism lies in the pro~ 
toplasm, but concerning the permeability of the boundary surf aces no 
conclusion can be drawn from this as yet. 

Three cases may be distinguished : 

System I. The outer boundary surface or plasmalemma is impermeable 
to chlorine ions, but the tonoplast allows them to pass. 

System Il. The outer boundary surface is permeable to chlorine ions, 
but the tonoplast does not allow them to pass. 

System lIl. Both boundary surfaces are impermeable to chlorine ions. 
These must be transferred by special mechanisms from the medium to the 
plasm and thence to the vacuole. 
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The first conception of the permeability of the bouDdary surfaces is 
usually accepted. It must then be assumed that the accumulation mechanism 
transfers the ions from the outer solution across the outer boundary surface 
to the plasm aI}d that. thence they pass unimpeded into the vacuole. At the 
expense of energy th~ chlorine ions are as it were, pumped into the cyto­
plasm and the vacuole. 

We have now to consider, how in the scheme of fig. 3 I when cell A 
has absorbed chlorine ions in this way these ions can be given up to cell B 
in spite of the ' impermeability of the plasmalemma. Cell B might do th is 
either actively by means of a mechanism that at the boundary surf ace of 
the two cells withdraws the ions from cell A, or the chlorine ions already 
accumulated in the plasm of cell A might be transferred by diffusion along 
plasmatic strands in the partition wall into the protoplasm of cell B. The 
first possibility seems very unlikely, as it cannot be seen how through the 
two impermeable plasmalemmas of the adjoining cells, the ions could be 
pumped . from cen A into cell B. Moreover in the partition wall no Cl ions 
will be present, as exosmosis of Cl ions does not take place. We therefore 
arrive at the hypo thesis that with impermeability of the outer boundary 
surfaces cell B can only absorb chlorine, if the plasm of cen A is connected 
with ' that of B, so that jons can pass from A to B without their being 
obliged to pass the outer surface layers. MÜNCH'S hypothesis, viz. that the 
plasm of adjoining cells is connected by plasmodesmata satisfies this 
condition. The experiments made in 1941, could for the greater part be 
accounted for in this way. There was only adifficulty concerning the 
explanation of the result mentioned in 11 § 3 sub 5, that the tran~port from 
the contactzone, which was not exposed itself, was greater to the free part 
if this was exposed than if it was in the dark. For if ,exposure of the free 
part affects the uptake by this leaf length, it proves that not the uptake 
of the contact zon~ determines how much chlorine gets into the free part, 
but the active processes in the free part itself. This was the reason why 
the whole process was again investigated extensively in a second series of 
experiments, the result of which has been communicated above. 

In the first place it was found in the second series of experiments that 
wounding affects the transport, aresuit that is not compatible with a 
passive transport through the cen-walls. In the second place it appeared 
that, in experiments in which the influence o.f the woundstimulus af ter a 
24 hours'stay in destilled water had largely disappeared, in the free part 
an active up take can take place, which may be greater than the one in the 
contact zone (11 Fig. 1 0). In the simplified scheme this means that cen B 
itself absorbs actively. If A is in the dark and B exposed, the uptake in B 
is greater than in A which absorbs direct from the medium. As we have 
already discussed, the ions absorbed by B must have passed through 
çell A. Such an active up take by cen B from cell A can hardly be imagined, 
if the plasmalemma does not allow chlorine ions to pass. It might be 
supposed that a transfer along the protoplasm of cell A is not necessary 
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at aU and the chlorine ions can get into B through the cell · wal!. The 
objections against this conception we have already discussed. Neither can 
it be realized how such a transport in ceU wa lis could be checked, by the 
wound stimulus. ' 

There is a third phenomenon that is hard to be accounted for in this 
way. This is the phenomenon discussed in § 5. that the absorption by 
ceU B. which must take place through the plasm of ceU A need not occur 
at the expense of what is accumulated in A. IE the accumulation took 
place at the outer boundary surface of cell A this would be inexplicabIe. 
. Finally we may consider what happens. if a leaf after having absorbed 
chlorine. e.g. with an exposure as represented in fig. 1 B (contactzone in 
the light. frèe part in the dark). is put in des.tilled water. The uptake from 
the medium is then finished and only a redistribution of the chlorine 
between the different parts of the leaf can occur. IE there are plasmatic 
communications between the plasm of the cells of the contactzone and 
those of the free part. we can expect according to scheme I a redistribution 
by diffusion of chlorine from cells with higher to those with lower chlorine 
concentration. as the chlorine which is accumulated in the vacuoles can 
pass through the permeable tonoplast to the protoplasm. This problem has 
been investigated. but a considerahle redistribution could not be shown. 
A smaU decrease of the amount of chlorine in the contactzone may be 
present af ter 12 hours. but if it is significant. it can be caused as weil by 
a slight exosmosis. This proves that a free transfer of chlorine accumulated 
in the vacuoles of the contactzone to the adjacent cells is impossible. 

AU these data show that both the system land 111 (see p. 27) in which 
an impermeability of the plasmalemma and a permeability of the tonoplast 
to ions is assumed. are unacceptable. The plasmalemma must allow the ions 
to pass and the tonoplast must be impermeable. This leads us ' to accepting 
system 11 (fig. 3 11). In this the plasmalemma is permeable. the transport 
of chlorine takes place in the cytoplasm and the accumulationis brought 
about by a mechanism in the plasm adjoining the vacuole. Now the tono­
plast is impermeable to chlorine ions. In this system we have to deal with 
a secretion of chlorine Erom the protoplasm into the vacuole. This system 
can account for aU the results obtained. and we shall call this conception 
the vacuole secretion theory. Seeing that now the outer layer of the plasm 
passes chlorine ions they can get into the plasm. The accumulation 
mechanism which must Iie in the cytoplasm. surrounding the tonoplast. 
takes the ions from the plasm through the tonoplast into the vacuole. A 
loss by the vacuole cannot be shown as long as the plasm is in a norm al 
condition. It may he imagined that a 10ss takes plà,ce. but it must occur so 
slo~ly that it makes the impression thatthis laye~ does not pass the ions 
Erom . the· vacuole to 'the remaining cytoplasm. In ahnormal conditions at 
too high or too low a pH. there is a marked loss of chlorine ions. which ooze 
from the eells to the mediu~. IE the supply of chlorine ions in the plasm 
is great, the secretion into the vacuole in the ceUs of the contactzone will 
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occur without the transfer of ions in the plasm towards the free zone 
being influenced by it. In that case the plasm of a leaf zone not in direct 
touch with the medium can be supplied with chlorine, which is thereupon 
secreted into the vacuoles of the cells of this zone. 

Because in the light secretion is stronger than in the dark, the case 
may arise, as we saw in fig . 1 D that the exposed free part of thc leaf 
absorbs more chlorine than the darkened contact zone. The secretion of 
ions into the vacuoles of those parts of the leaf which are not in direct 
touch with the external solution, is added to that of the contactzone, so 
that it is comprehensible that a greater leaflength can absorb more Cl 
than a shorter one, though the contact zone is equally long in both cases. 
As soon, however, as the supply through the plasm is slighter, the uptake 
o'f the free part will take place more or less at the expense of what is 
absorbed by the contactzone. In this case there is a rivalry for the ions 
supplied by thc plasm. 

From the experiments it appeared that both uptake and transport are 
retarded by wounding. The experiments of table 8 do make the impression 
that af ter a 16 hours'preliminary treatment in water the accumulative 
capacity has become fairly normal. notwithstanding the fact that thc 
second and third zones absorb less than af ter a 24 hours'preliminary treat~ 
ment. This must be based on the fact that the transport in the cytoplasm 
has not yet quite recovered by that time. Also the varying results con~ 
cerning the strength of the transport in leaf lengths which have been 
entirely exposed in which case the absorption in the contactzone may be 
very great, but the transport very slight, make the impression that the 
accumulation, i.e. the secretion into the vacuole and the transport in the 
cytoplasm are separate processes in which the accumulation may be strong 
without a proportionally strong transport attending it. This gives a 
foundation to the hypo thesis that transport is a protoplasmatic process, 
which is particularly sensitive to disturbing influences. 

Finally the question remains to be discussed how exposure affects 
accumulation and transport. Seeing the influence of exposure is also very 
marked in experiments in which the transport is slight, it may be considered 
an established fact that exposure affects the accumulation process. The 
influence of exposure during the preliminary treatment on the subsequent 
absorption is theoretically of great importance, but difficult to analyze, 
as long as the mechanism of accumulation or secretion is unknown. This 
phenomenon, however, which is independent of the presence of carbonic 
acid and therefore of carbonic acid assimilation, shows, that accumulation 
is connected with the presence of substances in the plasm which are formed 
in the light (cf. I p. 12 and 13). May be a further analysis will furnish 
data on the nature of the accumulation process. Interesting are in this 
respect the researches of BómETT CLARK. 

About the way in which the ions are transported in the plasm we must 
rder to previous publications in which we have developed the theory of 
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transport by binding to plasma tic partides to explain the transport in the 
tentades of Drosera and to the discussion in the publication of 1945 
quoted above (cf. WIERSUM 1947). lt was th en pointed out that two 
possibilities will have to be considered. viz .. either the chlorine ions move 
bound to plasmatic-partides or independent of their movements. A dear 
connection with the visible protoplasmic streaming could not be demon, 
strated. The visible strong protoplasmic streaming occurring as aresuit 
of wounding appears not to go together with an intensive transport. Only 
af ter a prolonged stay in destilled water in which the plasm has seemingly 
settled down. the transport capacity is recovered. In leaf lengths which 
absorbed chlorine from a salt solution Miss M. HEIKENS did not observe 
plasmic streaming. Also on this subject a further research will have to 
throw light. 

After all it is surprising that through this research on the influence of 
light on the process of uptake and transport in Vallisneria we have arrived 
at a corroboration of the conception we had formed on the permeability 
of the protoplasm and its boundary surfaces in 1945 on the ground of data 
in literature. 

The first series of experiments of 1944 gave a different. seemingly 
simpier interpretation (ARISZ 1946). A continuation of these experiments. 
however. has rendered it possible to prove condusively for the leaf cells 
of Vallisneria that we have to deal with a secretion of substances from 
the plasm into the vacuole and not with an accumulation through the 
outer layers of the protoplasm from the medium into plasm and vacuole. 

As in a previous publication the literature was already extensiveIy 
discussed. we shall not go into this again. 

Summarg ot the theoretical part. 

The chief theoretical result of this research is that we have succeeded 
in analyzing the osmotic system present in the cells of Vallisneria. The 
ions permeate through the outer layer of the plasm into the cytoplasm. 
Here there exists an accumulation mechanism that takes the ions from 
the plasm to the vacuole. So the principle of the active uptake of chlorine 
by Vallisneria is the secretion of the chlorine by the protoplasmic layers 
into the vacuole. This conception may be called the vacuole secretion 
theory. 

In the vacuole the ions are present in a free condition and cause a 
considerable rise in osmotic value. lons present in the vacuole can only 
diffuse outwardly in a demonstrabie quantity. when the plasm is injured. 
The movement of ions in the plasm is inhibited by the influence of 
wounding. This indicates an active assistance of the cytoplasm in the 
transport. A connection with the visible protoplasmic streaming could not 
be demonstrated. 

A summary of the experimental data may be found in Proc. L. Part I on 
p. 1032 and Part II on pp. 1240 and 1245. 

Botanical Laboratorg UniIJersitg ot Groningen. 
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