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Summary. 

1. A constant concentration of a polar non~electrolyte (e.g. an alcohol 
or keton) moves the viscosity KCI curve ei th er to higher concentrations 
(the first terms of a homologous series) or to lower concentrations (the 
higher terms of a homologous series). 

A middle term may show a transition character: in smaller, concentrations 
it corresponds with the higher terms of a homologous series, in Iarger 
concentrations with the lower terms. 

2. While the viscosity curve is moving as mentioned in 1), the 
maximum of viscosity decreases, the inflexion point in the Ieft ascending 
curve branch gets less pronounced or disappears, while the phenomenon 
of thread~pulling declines or stops altogether. 

3. The influence at 3 different, but constant KCI concentrations of 
methyl~ (1), ethyl~ (2), n. propyl~ (3), n. butyI~ (4), n. amyI~ (5) and 
n. hexyI~alcohol (6) on the viscosity and the thread~pulling was investigated 
more in detail. 

4. The influence on the viscosity still depends on the selection of the 
KCI concentration, being evident Erom 1) and 2). 

At a KCI concentration before the inf1ection point. 6, 5 and 4 do increase 
the viscosity untiI a maximum is reached and decrease afterwards. 2 and 
1 only decrease the viscosity, while 3 acts as transition term. 

At the maximum of the KCI viscosity curve all terms of the homologous 
series just decrease the viscosity. 

At still higher KCI concentrations now 2 and 1 increase the viscosity to 
a maximum and 6, 5 and 4 decrease, while 3 acts as transition term again. 

5. The concentrations at which an alcohol acts on the viscosity (either 
increasing or decreasing) or on the phenomenon of threadpulling resp. 
(either stimulating or suppressing) is the smaller the more carbon atoms 
the alcohol contains. 

Botany. - Uptake and transport of chlorine by parenchymatic tissue of 
leaves of Vallisneria spiralis. I. The active. uptake of chlorine. By 
W. H. ARISZ. 

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

§ 1. Introduction. 

The phenomenon of the active tip take of substances in plant cells has 
been extensively investigated on various objects. Many investigators have 
done this on disks of storage organs. Besides various advantages these 
objects have this disadvantage that the up take is not a normal phenomenon 
in their case, but takes place as a result of wounding and regeneration. 
Therefore the up take which is found here and which is inherent with the 
fODmation of new protoplasm and the protein metabolism departs in some 
respects Erom the normal up take. STEWARD'S generalization th at only very 
active eells having the eapacity for further growth show an active uptake 
seems premature. . 

Others have investigated the process of up take in unicellular searweeds 
which are much less apt to take up substances actively, such as Valonia 
and variotis Characeae as Nitella. 

The greater number of researches, however, has been made with the 
roots of higher plants, in which an up take occurs which in same respects 
resembles the active uptake in storage tissues and unicellular sea weeds. 
It has appeared, however, that this up take is of a complicated nature 
because in their case we have not only to deal with the uptake by the root 
cells, but also with the transport of salts to the xylem. Therefore it is 
important that there isa fourth group of objects, the leaves of water plants, 
in which the problems are in some respects a little simpIer. 

Especially Elodea has served as an object for investigations. 
In our own researches Elodea gave no distinct result, whilewith Vallis~ 

neria the results on up take of salts proved to be much more suita:ble for 
analytical purposes. Besides this object has the advantage that not as in 
the case of Elodea, Ieaves and stalk were examined at the same time, but 
only the very homogeneous leaf tissue. For these long Ieaves it is moreover 
possible to trace the transport of the absorbed substances in the leaf. As 
far as I know, these leaves have not been used in absorption~ and transport 
experiments, since BIERBERO worked with them in 1909 in a research on 
the influence of protop1asmic streaming on the transport. 

The last ten years a series of researches have been made in Groningen on 
Vallisneria, in which the details of these processes have been extensively 
exa1mined. As early as 1932 Miss A. KOK of Groningen had repeated 
BIERBERO',S investigation on .the uptake of Lithium salts and she had a1so 
examined the transport of caffeine. Next followed extensive quantitative 
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researches by ARISZ and OUDJ'vlAN in 1937 and 1938 into the up take and thc 
transport of asparagine and caffeine, in which it was found that a:bsorption 
and transport of asparagine are active processes. 

By ARlSZ and VAN DI]K (1939) and ARISZ (1943) the details of the 
process of asparagine absorption were further determined. Af ter that a 
research on the up take of cat~and an~ions of anorganic salts was started, ' 
of which the results of the uptake of chlorine are summed up below. 

Vallisneria spi ral is can be cultivated in a hothouse all the yeal' round. 
The leaves are so longt:hat pieces of 30cms. or longer can easily be cut 
oEf and can be divided into smaller pieces. The leaves grow only in their 
basal parts. Those parts which are used in the experiments do not display 
any further growth. A disadvantage of Vallisneria is thatgrowing it re~ 
quires much more care than the growing of Elodea and that only material 
cultivated in favourable circumstances in a suitable exposme to light ean 
be used for these experiments. In discussing the method in § 2 the most 
important items whichhave to be observed in making the experiments, will 
be treated extensively. Another disadvantage of Vallisneria is the presence 
of big intercellular ducts which though they don'tconstitute an open 
communicaiJion, because of the presence of septa cf. A. KOK, may give rise 
to difficulties, when as a result of inefficient technics externalliquid enters 
them. This namely takes place in the dark when the surrounding cells 
withdraw oxygen from the intercellulars, which are for a great part, filled 
\V1ith it. As a result water is being sucked up in the intercellular spaces. 
The infiltration is injurious to the leaf and causes a quicker dying oH, but 
in addition, if the external solution isconcentrated, the infiltration of this 
solution into the intercellular spaces may cause important errors, because 
of its giving the impression th at the substances have been absorbed by the 
tissue. 

IE however, diluted solutions are used as is the case for this public':!tion, 
this phenomenon need not be considered, provided the leaves continue to 
stay in a good condihon. This obtains for all solutions more dilute than 
1/50 to 1/100 mol. Vallisneria leaves have a number of vascular bun dIes 
running parallel in the length of the leaf. They consist almostentirely of 
parenchymatic cells. Vessels do not occur. This renders these leaves 
particularly suitable for experiments to investigate into the transport in 
parenchymatic tissue. 

For the experiments and the analyses I received the valuable aid of the 
analysts Miss J. VAN DER SCHANS, Miss E. BOSMA and Miss H. MEESTER, 
Eor which I wish to express my indebtedness in this place. 

§ 2. Method. 

In this publication the up take of Cl ions is exclusively discussed. These 
were determined by VOLHARD's method inabout 200 mgrs f'resh weight, 
while the an~lysis figures always refer to a certain size of leaf surface, 
mostly 19.2 or 20 cms with a width of 4 mms. 
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Some investigators have preferred examining Br ions, therefore some-

h · has to be said here about the choice of chlorine ions. Since HOAOLAND 
t mg B . 

d STEWARD showed in a convincing manner that the up take of r IOns 
~n complicated than that of Cl ions, because simultaneously with the 
IS more . 'f 

t k of Br a loss of Cl occurs the use of Cl ions has to be preferred, 1 
upae ' . h' 
one wants to study the process of active uptake, as m that case t e mter-
change of Cl and Br would only give an undesirable complicatio~. 

The Vallisneria plants weregrown in concrete tanks measurmg 200 to 
58 ems, with a depth of 50 cms. Heating took place with hot water pipes 
and electric heating with an ozurite cable in the g'round. The tempemture 
was kept constant by a thermoregulator at 23° C. 

Part of the year extra exposure was administered with a couple of 200 
watt lamps during some hours in the evening. Of great importance is the 
water used for theexperiments. On account of the weIl known fact that 
destilled water is injurious, various investigators have used tap~water or 
springwater. This surely gives much better results for keeping the cut leaves 
alive, but it should be remembered that the leaves might absorb salts fwm 
these highly diluted salt solutions and as aresuIt the osmotic value of the 
cell~sap may rise considerably, as was first shown in this laboratory hy 

Miss VAN SCHREVEN (ARISZ 1943). 
For the experiments made water destiHed over glass was used. All the 

experiments were made in a room of a constant temperature usually at 

25° C. 
We must refer to a previous publication (ARISZ and OUDMAN 1937) in 

which the division of material into smaIler pieces and the composing of 
series from these wascommunicated. Owing to the fact that they contain 
pieces of ddferent leaves, taken from different parts of the leaves, these 
series are veryhomogeneous with each other, so that the results of the 
chemical analysis show a very slight variahility. 

Before the experiments the leaves were weil washed and from their sides sa 
much was cut off th at the width everywhere amounted to 4 mms. Next they 
were cut into smaller pieces and put in destilled water in series. The pieces 
of one series are sewn into a bit of tuBe, so that they don't overlap. The 
tulle is weighted so much on one side that it floats in the solution in a 
vertical plane. All leaf~lengths canthen be exposed to the sideways 
entering light of an e1ectric lamp. Both during the preliminary treatment 
and during the up take the leaf lengths were put in tumblers or in vessels 
with bottoms of sintered glass. agood aeration heing seen to. 

Regarding the rather great differences in the amount of the uptake in 
identical experiments it must he emphasized that conclusions must be 
based on the comparison of different treatments in one and the same 
experiment. 

§ 3. lnfluence of wounding. 

In experiments on up take and transport of asparagine by ARisz. and 

68 



1022 

OUDMAN 1937, it had al ready appeared, that leaf lengths 'Of which a small 
part had been brought in touch with asparagine, while the rest of the leaf 
had to get it from this sma11 leaf length, took up more asparagine according 
as the free part was longer. This phenomenon was met again in the 
experiments on the uptake of chlorine and will be discussed wh en we deal 
with the transport. It was of essential interest to know what this influence 
of the free leaflength could be based upon. Presumably this could at least 
partly be due to the wounding, owing to which a longer leaf length wOltld 
be less impeded in the up take by the wound~stimulus,as the wounds 
inWcted lie farther apart. This phenomenon could better be investigated in 
this way that the up take of leaf lengths of a different size which could 
absorb salt over their whole length, were compared and it was traced, 

. ~ 

wh ether the up take calculated for an equal leaf surface, was always 
equally great. If the wounding should affect the uptake, it would have to 
appear from a slighter relative uptake by short leaf lengths. 

1'0 ascertain this the following experiment was made. Leaf lengths of 
7.5 ems, 2.5 cms and 0.83 cm were brought into a solutionof 1/1000 mol. 
KCI with CaS04' Af ter 24 hours it was determined how much Cl had been 
absorbed. For th is experiment 8 leaves of a length of 30 cms were used. 
These were cut to a uniform width of 4 mms and divided into 4 pieces of 
7.5 cms. By combining in a' series 8 leaf lengths taken from the 8 different 
leaves but from a different pI ace, 4 comparable series were obtained. In 
twoof these series the leaf lengths were further ,divided iuto 3 lengths of 
2.5 cm1?, so that the experiment was made with: 

A. two series, each of 8 leaf lengths of 2.5 cms = 20 cms, which were 
analyzed at the beginning of the experiment. 

B. two series of 8 leaf lengths of 7.5 cms. Af ter the up take these leaf 
lengths were cut into 3 lengths of 2.5 cms and the Cl was separately 
deter.mined in the 3 zones. Here too 20 cms of leaf is available for each 
analysis. 

C. two series, each of 8 leaf lengths of 2.5 cms = 20 cms. 

D. two series each consisting of 24 lenghts of 0.83 cm, i.e. likewise 20 
ems per series. 

The tablegilves the amount of chlorine in each of the series B, C and D 
af ter a 24 hours'uptake. The diHerence with the series sub A gives the 
increase of chlorine per 20 cms'leaf length. 

Short ,leaf lengths take up considerably less than longer ones. This is 
due to a wound influence. This follows from the analysis of the 3 different 
zones of the leaf lengths of 7.5 cms, of the series BI and B 2. The marginal 
zones take up considerably less than the central part. As th is wound inf1u~ 
ence could not be prevented, it was desirabie, to diseover if the wound in~ 
fluence grows weaker in the course of time. For this purpose the cut leaf 
lengths were put in destilled water for a different length of time. The 
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T ABLE 1. Absorption of ehIorine by Ieaves of different length, Up take during 24 hours 
fr om a solution of 0,001 mol KCI with CaS04. exposed to light (200 Watt at 50 cm). 
Cl content per 20 ems leaf length. 
Bl Bz Jeaf le:J.gth 7.5 ems Cl C2 2.5 ems Dl D2 0.83 cm 

----
Al con trol series 2.5 ems 

Az 

Bl first zone 2.5 ems 
seeond zone 2.5 ems 
third zone 2.5 ems 

B2 first zone 2.5 ems 
seeond zone 2.5 ems 
third zone 2.5 ems 

Cl leaf length 2.5 ems 
C2 leaf length 2.5 ems 

Dl Ieaf Iength 0.83 cm 
Dz leaf length 0.83 em 

r Cl 

432 
437 

568 
611 
561 

571 
614 
561 

532 
536 

504 
512 

uptake 

rCI 

134 
177 
127 

137 
180 
127 

98 
102 

70 
78 

avejrage up take 
per 20 ems leaf 

length 

r Cl 

146 

148 

100 

74 

following experiment gives the result of a preliminary treatment of 2, 4, 7 
and 24 hours on the up take of 1/1000 mol KCI with CaS04 in the light at 
25° C. In this case the series consisted of 8 leaf lengths of 2.5 cms each. 
We 'Only '111ention ,the increase of chlorine per ser.ies of 20 cms tatal Ieaf 
length. 

TABLE II. bfluenee of duration of pretreatment in destilled water on the uptake of 
ehIorine. 

Preliminary treatment 
no. 

2 hours in destilled water 
4 hours in destilled water 
7 hours in destilled water 

24 hours in destilled water 

up take of Cl in r. 
98 

120 
131 
142 
246 

From this it appears thatpreliminary treatment in destilled water has the 
desired effect and that aEter 24 hours the inhibition due ta wound~influen~ 
ce has disappeared for the greater part. 

Af ter this the experiment with bits of Ieaf of various .Jengths was 
repeated, now af ter a 24 hours'preliminary treatment in destilled water. 
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Table 3 gives the results of this experiment. It appears that lengths of 
2.5 cms and 7.5 cms giv,e the same results. Besides the difference between 

TABLE IIl. Absorption of ehIorine by leaves of different length af ter pretreatment 
24 hours in destilled water. Up take during 24 hours from a solution of 0.001 mol KCI 
with CaS04' exposed to light (200 Watt at 50 ems' distanee). Cl, content per 20 ems 

leaf length. 
BI B2 leaf length 7.5 ems Cl C2 2.5 ems Dl D2 0.83 em 

avarage uptake 

uptake per 20 em leaf 
length 

rCI r CI rCI 
, ... ,-----~_._ .. _- ------

Al 2.5 ems no uptake 404 
A2 " 401 
Bl first zone 2.5 ems 644 241 

seeond zone 2.5 ems 640 237 238 
third zone 2.5 ems 640 237 

B2 first zone 2.5 ems 644 241 
second zone 2.5 ems 648 245 242 
third zone 2.5 ems 644 241 

Cl leaf length 2.5 ems 640 237 234 
C2 leaf length 2.5 ems 634 231 

Dl leaf length 0.83 em 564 161 154 
D2 Ieaf length 0.83 cm 551 148 

marginal and cent ral zones has disappeared with the 7.5 cm leaf lengths. 
In the 0.83 cm leaf leng hts the up take af ter a 24 hours'preliminary treat~ 
ment is sti1l considerably shghter. From theseand other 'experiments not 
mentioned it may be concluded th at a 24 hours'preliminary treatment in 
destilled water eliminates the wound effect sufficiently for leaf~lengths of 
2.5 cms and longer. From the result of a great number of comparative expe~ 
riments it has appeared that the wound effect not only influences the 
strength of the uptake, but also influences the transport. To this we shall 
revert on discussing the ,transport. 

§ 4. Experiments on the uptake of chlorine. 

A. from solutions. 

The experiments were partly made in 1914, when the wound effect had 
not yet been investigated, partly in 1946 and 1947, wh en th is could be 
entirely ,taken iuto account. The results of the ,two series are in perfect 
agreement. This is partly due to the fact that the wound effect is not a:lways 
so great as in the above experiments, but also to the f.act that the wound 
effect only impedes the processes of up take without altering them in 
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essence. Initially experiments were made on the up take of chlorine from 
aqueotls solutions of var,ious chlorides. Various 'chlorides, especially LiCl 
and Mg C12 but in some experiments NaCl as well were not absorbed at all 
in a concentration of 1/320 mol. On the contrary a loss of chlorine from the 
tissue was often stated which indicated the toxicity of these salts. In more 
resistant leaves the loss of chlorine changed into an uptake. Ca012 was 
taken up most easily, KCI considerably less. Since this indicated a toxicity 
of the salt solution and as in lower concentrations such as 1/1000 mol 
toxicity was somewhat Iess than in higher concentrations, though the 
results remained variabIe, we proceeded to operating with a mixture of 
potassium and calcium ions to baIance the toxicity of the cations. 

Seeing the VaIlisneria pIants were grown in well~water and in the tanks 
a continuaI evaporation of water occurred the quantity of salts and parti~ 
cuIarly of calcium in the water increased during the growing. It is known 
that under these circumstances Vallisneria Ieaves depose CaC03 on the 
surface exposed to the light. Older leaves were indeed of ten covered with 
CaC03 • Though usually younger leaves were used for the experiments, 
theycan also be covered more or less with CaC03, sa that on our making 
expeDiments in water containing carbonic acid, Ca(HC03h will also have 
been present. This may account for the fact that in some experiments an 
equal uptake from KCI as from a mixture of KCI and CaS04 was found. 

Besides the toxicity of the cations the destilled water used may have its 
influence. It has repeatedly appeared that in solutionswHh ordinary destilI~ 
ed water no uptake but exosmosis occurred. That is why, as aiready stated 
above, in all experiments water destilled over glass has been used. The 
solutions of KCI and CaC12 did give better results yet no satisfactory ones. 
By ad ding CaS04 instead of CaCI2 a solution was obtained which always 
gave favourable results. As a rule a mixture of KCI and CaS04(747 mgs 
KCI + 368 mgs CaS04 2 aq in 1 L water) was used and this mixture was 
diluted if required. This gave a ratio of potassium and calcium ions of 
62 : 18 and of chlorine and S04 ions as 63.5 : 36.5. Seeing in this case the 
issue is the absorption of chlorine, the streng th of theconcentration is 
indicated in mol KCI. With this combination of salts a great number of 
experiments have been made, the results of which were very regular, which 
makes them seem sufficiently re1iable. 

lnfluence of deprivation of oxygen. 

Some ,experiments have been made to trace wh ether in an anaerobic 
medium chlorine was taken up. Of course these experiments had to be 
made in the dark, as in the light oxygen is set free duringassimilat'ion. 
Never was any absorption found in these experiments as a rule loss of 
chlorine occurred, because the leaves started showing dying oH phenomena. 

lnfluence of salt concentration. 

Table 4 contains a number of data on experiments in which the in~ 
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T ABLE IV. Influence of concentration on the uptake of ch!orine by leaves of 
Vallisneria from KC! solutions containing CaS04. Experiments in the light 200 Watt 
at 50 ems, 25° C, 24 hours. The figures give the increase in Cl concentration in milli 
mol, of 8 leaf pieces of 2.5 ems length and 4 mm width, A and B with a short pretreat. 

ment, C and D with pret rea tm ent during 24 hoursiJn destilled water. 

Chlorine conc. outer 
solution in milli mol 

4 
2 
1 
1/2 

1/4 

l/s 
1116 

1/32 

A 

30 
29 
29 
29 
28 

up take of Cl 
in miJli mol 

B 

24 
22 
15 
9 
2 

C 

35 
30 
33 
32 
27 

------~---~---~ 

accumulation 
factor 

rT: D 

15 
33 

31 64 62 
28 108 112 
25 200 
17 272 
11 352 

fIuence of the concentration of chlorine ions in the solution on the up take 
has been traeed. All the experiments were made in the light, those of 1947 
af ter a 24 hours'pre1iminary treatment in destilled water in the light. The 
data are in perfect agreement: from 1/32 to 1/2 millimo1 there is a rather 
strong increase in the uptake, about proportiona1 to the logarithm of the 
concentration. When, however, results of various experiments are com~ 
pared, rather great differences may appear. This is due to the fact that 
the condition of the plants at the beginning of t~he experiment great1y 
influences the up take. This a1so appears from experiments made with a 
different preliminary treatment. An influence on the upt,ake is exercised by 
the streng th of the exposure, the supp1y of oxygen, the composition of the 
air used for aeration and the concentration of hydrogen ions of the medium. 

Accumulatiollf actor. 

From the data of tab1e IVan accumulation factor can be eva1uated. 
When we suppose that the ch10rine taken up is solved in the water present 
in the tissue we get an approximative va1ue of the inner concentration. The 
accumu1ationfactor th at is the relation between the concentration of the 
chlorine in the tissue and in the outer solution increases Erom 9 at a 
concentration of the outer solution of 4 millimol Cl to 352 at a concentration 
of 1/32 millimol Cl. 

1 nfluence of exposure during the uptake. 

After a 24 hours'pre1iminary treatment in the light in destilled water, 
the up take from 1/1000 mol KCl + CaS04 in the light was 157 y Cl. whereas 
in the dark it was 16 y Cl. As a sou ree of light during the preliminary 
treatment a 100 watt lamp was used at a 50 ems' distance (6450 lux), and 
during the up take a 200 Watt lamp at 50 ems ( 12900 lux). Also the 
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intensity of the light has its influence. On this subject on1y some orientating 

experiments were made. 

TABLE V. Influence of light.intensity on the up take of chlorine from 1/1000 mol. 
KC! with CaS04. Time of up take with A 28 hours, with B 26 hours. Light sou ree 

200 Watt at 50 ems' distance. 

=------a-t-a ilistan-c-e -Of---~-',....,-,_~_--~~~A_".._··_· ___ -+[_~ _____ B ____ _ 

50 ems 
100 .. 
200 .. 

208 
154 
90 

215 
190 
115 

From these data it is apparent that the intensity of the lig'ht during the 

up take has a considerab1e influence. 

Analysis of the influence of light on the up take ot chlorine. 

In this series of experiments the effect of light on the uptake was further 
examineçl. Seeing light a1so gives photosynthesis, it was interesting to 
know whether light in an environment free from carbonk acid a1so effects 
the absorption of chlorine. The resu1t of these experiments has been given 
in tab1e 6. An environment free from carbonk acid was obtained by letting 

T ABLE VI. Ana!ysis of the influence of light on Cl-accumulation. Absorption 24 hours 
of 0.001 mol KCI with addition of CaS04 at 25° C. A and B in the light! C and D 
in the dark. A and C in solution aerated with comman air. Band D in an aerated 
solution deprived of C02. Experiment V pretreated 24 hours with destilled water, 

exposed to light and aerated with C02 free air. 

--~---- T~--::::ti:n ~ +1-_-_-_1 _-_--i
I 
__ 

II
_

u
_-p+-t_ak_·~e_II_~n_Y-+C_l_I~_I __ V_ 

A. light 
B. light 
C. dark 
D. dark 

with air 
without C02 

with air 
without C02 

118 
122 
13 

133 
188 

296 
360 
97 

117 

134 
209 

28 
,39 

264 
292 

air free from carbonk acid bubb1e through the solution before and during 
the experiment, so that for photosynthesis at most the small quantity .of car~ 
bon dioxyde originating from the respiration was avai1able. In addition in 
some experiments the solution had been boi1ed beforehand and c.oo1ed 
af ter dosing oH with a tube containing soda~hme. It is evident that light 
without carbonk acid has the same effect as light ,with carbonk acid. This 
proves that the effect of light on the adive up take of ch10rine is not 
connected with carbondioxide assimilation. Besides it appears from table 
6 th at the uptake in an environment free fr.om carbonk acid is considerably 
greater than in a solution containing carbonïc acid. This a1so ho1ds good 
for experiments in the dark, on1y the level is much lower in this case. lt 
seems probab1e that in case of withdrawa1 of carbonk acid the stronger 
uptake may be the result of the higher pH in the medium. 
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I n[luence of pH on the uptake of chlorine. 

Therefore the influence of the concentration of H ions on the uptake 
was examined. The experiments were made in a continuous artificial light. 
In these experiments the pH of the unbuffered solutions decrease during 
the experiment. This may be due to an increase of carbonic acid in nhe 
medium. Aeration was brought about with common air. The change is 
somewhat slighter if during the experiment aeration takes place with air 
free from carbonic acid. In these unbuffered solutions the optimum has not 
always been foundat the same level. Tt lies at 'about pH 6-7. Evidently 
pH 4.5 is detrimental, so that a loss of chlorine occurs due to exosmosis, 
likewise pH 9 is taxic. It is therefore not impassible that on aeratian with 
air free Jrom CO2 the up take is greater owing to the fact th at the pH lies 
nearer to the neutral point. In the same way aeration during the preli~ 

minary treatment with air free fr om CO2 may give a stronger up take than 
aeroation with air containing CO2• 

Preliminary treatment. 

The preli.minary treatment is of great importance, which appears 
fram someexperiments on the influence of light during this period on 
the s,trength of a later uptake. In one experiment e.g. t:<he up take from 
0.001 mol KCI + CaS04 during 24 hours in the light, was 158 r Cl, iE 
during the 24 hours'preliminary treatment the leaflengths were exposed, 
but only 76 r Cl if they were kept in the dark. Therefore in experiments 
with preliminary treatment the objects were always exposed to the light in 
this period. Also the intensity of the exposure during t:<he pre1iminary 
treatment has its influence. Aeration during the pretreatment with carbon~ 
dioxide free ,air and the withdrawal of carbondioxide formed by the tissue 
does not p,revent this favourable influence on the following uptake. So this 
effect has nothing to do with photosynthesis of carbohydrates. 

It seems interesting to know if an exposure to light during the pretreat~ 
ment has the same effect as an exposure during the up take. Both processes 
have incommon that the influence of light is not through products of carbon 
dioxide assimilation. Still it appears th at both effects are not identical 
because a leaf pretreated in light must be exposed during the absorption 
as weU to get a normal uptake. It was ascertained wether the effect of 
light during the pretreatment influenced the up take only in the next few 
hours following the pretreatment or that it lasted for a longer time. 
The results of two experiments are given in table 7. In each experiment 
three series with different pretreatments were exposed at the same time in a 
0.001 mol KCI solution, and the uptake was determined aEter 6 and 24 
hours. The up take in the last 18 hours couid be evaluated from these data. 
It is apparent th at though the uptake in the first six hours depends on the 
pretreatment, the difference in streng th is also present in the following 
hours. So the up take in the second period was e.g. in experiment A 160 r 
af ter exposure during the pretreat'ment to strong light, 105 r to less strong 
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T ABLE VII. Influence of exposure to light during pretreatment on the uptake of 
0.001 mol KCI + CaS04 in the light, 25° C. Two experiments A and B. The up take 

is determined af ter 6 hours and af ter 24 hours. 

--= -- -- - --- ... - ._--

up take in rCI uptake in r Cl up take in r Cl 

Pretreatment af ter 6 hours af ter 24 hours in the last 18 hours 
----------- --- -

A I B A I B A I B 

24 hours exposed 144 146 304 250 160 104 
12900 lux 

24 hours exposed 122 108 227 193 105 85 
6450 lux 

24 hours in the 74 57 115 106 41 49 
dark 

light and 41 r when the pretreatment was in the dark. This means that the 
effect of the illumination during the pretreatment influenced the up take 

all the time. 
In another experiment the uptake took place in the dark af ter the same 

different pretreatments. In all cases the up take was now only slight. 
These results indicate that during the pretreatment in light a substance 

e.g. a sensitizer may be formed which favours the process of uptake in the 
light. The present data are not sufficient to give a complete analysis of this 

phenomenon. 

B. Uptake [rom agar. 

For all experiments in which it was necessary that only part of a leaf 
length should take up salt in which case it can be traced if transport takes 
pI ace to the other zones of this leaf length, a 2 % agargd was used as a 
medium in whkh the salts were dissolved. For these experiments the agar 
was not speci-ally purified, because in sueh a purification decomposition 
produets of proteins are apt to be formed, of which a eomplicating action 
on the plasm is to be expected. So it appeared for instanee, that if sa 
called purified agar was used, the uptake in the dark was sometimes much 
stronger. As unpurified agar contains some cMorine, a leaf could already 
absorb some Cl from the blank agargel in 24 hours. This amounted to about 
5-10 y Cl in 24 hours per 20 cm leaf~length. It did not present difficulties 
however, that in these experiments, in which chlorides were added ta the 
ag ar anyhow, a slight amount of chlorine was already found in the agar. 
The above experiments on the influence of different factors were repeated 
with lengths in agar and results we re found in perfect agreement with 
those already stated. With regard ta the wound stimulus as a result of 
cutting it was found that material which had had a 24 hours'preliminary 
tl'eatl11ent in destilled water in an exposure ia 100 Vvatt at a 50 cms'dis~ 
tance, absorbs in 24 hours relative!y more in leaf lengths of 7.5 ems than in 
leaf lengths of 2.5 cms, viz. 315 r Cl against 286 y Cl. This indicates that 
in this experiment with leaf lengths of 2.5 ems af ter 24 hours the wound 
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s,timulus had not quite disappeared yet. This is in accordance with the 
experiments on the uptake from solutions. 

With these experiments the difference between uptake in the lightand 
in the dark is less pronounced than with experiments in solutions. because 
the uptake in the dark is slightly greater. This may very well be due to the 
presence of disintegration products in the agar. So in an experiment with 
leaf lengths of 7.5 ems for the up take in the light in the first zone of 2.5 
cms 229 y was found. in the 2nd zone 233 y and in the 3rd zone 218 y Cl, 
whereas in ,the dark the amounts were 90. 83 and 79 y respeetively. 

§ 5. Exosmosis of absorbed chlorine. 

For the asparagine up take there was formerly made an extensive study 
of the phenomenon of exosmosis of the first absorbed asparagine. Whereas 
on transport to an anaerobic medium no exosmosis was obtained. after 
transport into a fresh s,olution an exosmosis of part of .the first absorbed 
asparagine took place for some hours. Af ter that the leaf recovers itself 
and reabsorption takes place. This phenomenon is c10sely connected with 
the sensitiveness of the material. Resistant material, such as has been used 
for these experiments with salts. does not show exosmosis at aU or in a 
much slighter degree. In the experiments on exosmosis of first absorbed 
salts no loss has been observed in undamaged tissue. Transport from light 
into dark or from the salt solution into destiHed water had no influence at 
all. As already stated. an exosmosis was obtained with extreme pH. 
NeHher does oxygen withdrawal in itself bring about exosmosis. H. 
however. the leaves continue under these unfavourable circumstances. in 
the dark for a long time. a 10ss is noticed right enough.We must thereFore 
conc1ude that under normal circumstances salts which ,have once been 
absorbed are not returned to the environment again. 

§ 6. Osmotic value of tlle cell sap. 

It is essential to know whether the salts absorbed. of whkh here only 
the Cl ion was determined, get into the cytoplasm or are taken up partly 
or entirely in the vacuole. If they get into the vacuole theymay he found 
there bound or absorbed or continue free. Only in the lattercase they wH! 
cause an increase of osmotic value. If ther,efore af ter the up take an increase 
of the osmotic value of thecell~sap is found. it may he conc1uded that the 
ions get into the vacl,loleand are present th ere in a free eondition. The 
result of the experiments made to ascertain this fact are iVery convincing. 
The osmotic value of the vacuole at limiting plasmolysis has increased 
considerably af ter the uptake. The method that has to beapplied to 
demons tra te the up take of salt in the vacuole is simple andcorresponds 
entirely with a similar research onthe up take of asparagine (ARlSZ and 
VAN DIJK 1939). In a con trol series the osmotic value of a sucrose solution 
giving limiting plasmolysis is ascertained at the beginning of the experiment 
and in theexperimental series which has absorbed Cl for 24 hours from a 
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solution of 1/1000 mol KCI + CaS04 this vaJue is determined at the end 
of the experiment. As a plasmolyticum sucrose was used. In an experiment 
on up take 217 Y Cl was found. while the osmotic value of the epidermal 
cells at Hmiting plasmolysis increased from 0.32 to 0.38 mol sucrose. In 
another experiment the uptake was 225 y Cl and the increase Erom 0.30 to 
0.38 mol. So the increase of the osmotic value is respectively 0.06 and 0.08 
mol. IE we consider the absorbed quantity of Cl dissolved in all the water 
present in the leaf length. this constitutes an increase of concentration of 
0.031 mol and 0.032 mol. The quantity of water in the vacuole will of 
course be kss than the total quantity of water present; moreover the salt 
will be dissociated. This renders it comprehensible that an even stronger 
increase of osmotic value was found (0,06 and 0.08 m instead of 0.031 and 
0,032). but it indicates at the same time th at the salt absorbed is found for 
the greater part free in solution in the cell sap. The chance that the very 
low concentration of the salt solution has caused metabolic processes. 
which shouldhave brought about such an anatonosis of the cell~sap. may 
be considered out of the question. 

§ 7. Discussion. 

After that in some previous researches the active absorption of asparagine 
had been demonstrated. the up take of salts, especially of chlorides, was 
further examined. As aresult it was found that from a balanced salt 
solution the leaves of Vallisneria absorh chlorine. As the leaf lengths used 
in these experiments do not grow during the up take we have here an active 
uptake which is indep.endent of growth. The quantity absorbed depends 
on the concentration of chlorine in the extern al liquid, especially in concen~ 
trations lower than 1/4 millimol. The uptake is influenced by the pH of 
the solution. pH 4.5 and > 9 are detrimental and cause exosmosis of 
chlorine from the tissue. Exposure to light has a remarkable effect on the 
strength of the absorption. The stronger it is. the stronger is the .absorption. 

Light does not work photosynthetically here by forming carbohydrates. 
as it is alsoactive wh en carbonic acid is not present in the medium. In 
literature various data are known on the fact that light affects the uptake 
of salts. In 1937 J ÄRVENKYLA made an excellent summary of the extensive 
literature on the effect of light on the permeability of t:he protoplasm. In 
it he also treats the effect of light on the up take in N itella. Valonia and 
Elodea. found in 1923 and 1926 by HOAGLAND and collaborators. in 1934 
by JACQUES and OSTERHOUT and in 1936 by INOOLD .and points out that 
in these experiments light does possibly not affect permeability but pro~ 
cesses of a different nature. Several of these investigators have connected 
the inf1uence of lig'ht with photosynthesis.As it. however. appeared in our 
experiments with Vallisneria that in a medium free from carbonic acid. 
i.e. without photosynthesis light has the same influence. this conception 
cannot be accepted in the case of Vallisneria. PI-IILLIS and MASON (1937) 
found th at cotton leaves only in the light and wh en supplied with oxygen. 
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absorb sugar from a sugar sO'lution and form starch. This process also 
takes place in a medium free from carbonic acid. 

Prom JÄRVENKYLA'S publication and aho from our own obser'vations on 
Elodea cells it appears that the behaviour of various objects is different. 
Therefore it is advisable not to draw conclusions from the data given here 
for VaIIisneria as to the behaviour of other obj ects. The problem wil! have 
to be carefully investigated for every ion and for every plant. 

The process of absorption is an active process. as appears from thc 
great sensitiveness of this process to outward circumstances. It is de~ 

pendent on the presence of oxygen and on the temperature. Important is 
the great influence of the previous history. Wounding appears to have a 
rather strongeffect due to which,especially in those parts of a leaf length 
which are nearest to the wound~edge, the processes of uptake are checked. 
This wound inHuence diminishes in course of time, sa that in sufficiently 
great leaf lengths th ere is littJe to be observed of it aEter 24 hours. So to 
get a normal uptake it is necessary to apply a 24 hours'preliminary -treat~ 
ment in destilled water. Exposure, tempera tu re, aeration during this preli~ 
minary treatment, they all have some influence on the strength of the 
ensuing up take (Cf. p. 11). 

It was possible to ren der it probable that the greater part of the substance 
absorbedgets into ,the vacuole. The increase in osmotic value at limiting 
plasmolysis taIIies fairly weil with the supposition that all chlorine absorbed 
gets into the vacuole. The cells do not return the absorbed chlorine to 
their environment. Neither .through transport to destilled water nor through 
oxygen withdrawal Erom the medium, a loss was t~, be brought about. As 
soon, however, as injury was caused by toxie ions or by a too high or too 
low pH, exosmosis oE chlorine could be shown. This proves that the proto~ 
plasm as a whole does not all ow the chlorine ions to pass as long as it is 
in a perfectly normalcondition. 

Summary. 

Leaves of Vallisneria spiralis take up Chlorine by an active process Erom 
balanced solutions containing KCI and CaS04' 

The up take depends on the presence of oxygen. It is influenced by 
exposure to light, by the pH of the solution, by temperature and by the 
pretreatment of the leaves. The influence of light is not indirect through the 
products of the process of photosynthesis but it is a direct effect on the 
processes occurring in the cytoplasm. Prom the 'cutting of the leaves ensues 
a wound~stimulus which checks the processes of active up take. The normal 
condition returns af ter a proIonged stay in destilled water. 

The increase of the osmotic value of the epidermal cells proves th at t,he 
salts are accumulated into the vacuole. 

Exosmosis does not take place from undamaged tissue. Under norm al 
circumst.ances salts once absorbed remain in the vacuole. The protoplasm 
as a whole does not allow the chlorine ions to pass. 

Zoology. - The external shape as a specific character in Loxothylacus 
(Crustacea Rhizocephala). By H. BOSCHMA. 

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

In a previous paper (BOSCHMA, 1940, Temminckia, vol. 5), in which the 

specific characters of a number of species of the genus ~o~othylacus w~re 
described in some detail, especially with regard to vanatlon, no mentIon 
was made of the macroscopical external peculiarities of the specimens. As 
it proved that the shape of the animals described in the cited paper may 
be characteristic for the species, some remarks are given here concerning 

their extern al appearance. 

o 

Fig. 1. Left side of six specimens of Loxothylacus variabilis. a-d, on Chlorodiella nigra 
Erom Koepang, Timor; e, on Actaea rüppe[lU from Mamoedjoe, Celebes; t, on Actaea 

hirsutissiméli from Taliaboe, Soela Islands. a, c, d, e, X 6; b, X 6~; t, X 5. 

In Loxothylacus variabilis Boschma (fig. 1) the dorso~ventral diameter 
is slightly or appreciably larger than the antero~posterior diameter. The 
shape of the animals is elliptical or slightly panduriform or more or less 
reniform. The surface of the mantIe does not possess any pronounced 
grooves or wrinkles. As a rule the mantIe opening is rather narrow, it is 
found on the left si de (the surface touching the thorax of the crab) , not 
far from the anterior margin. This opening is very Httle conspicuous as it is 




