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ON THE FUNCTION OF THE CASPARIAN
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SUMMARY

The dyes safranin and basic fuchsine as well as ferric salts enter the stele when applied as
dilute solutions to intact root parts where Casparian strips are well developed. As the entrance
is not hampered when the protoplasm has been killed or its activity and permeability dimin-
ished by low temperature the most likely way of entrance is through the cell walls.

In the Casparian strips no fatty substances could be detected. As soon as traces of fatty sub-
stances are found in the ageing exodermis all entrance into cortex and stele of the substances
used is blocked.

1. INTRODUCTION

On the structure of the Casparian strips many contradictory statements can be
found in the literature. It is often stated that the Casparian strips contain cutin,
suberin, or similarfatty substances. EsAu(1965), SCOTT-RUSSELL & BARBER (1960),
BROUWER (1954, 1965), PRIESTLEY & NORTH (1922), PRIESTLEY & RHODES (1926)
and VAN WISSELINGH (1926) have stated that unsaturated fatty-acids are found
in the strips. FREY-WYSSLING (1959) doubted the function of these acids in
the Casparian strips and suggested that the substances might be precursors
of the fatty substance which at a later stage covers the whole inner surface of
the endodermal cells. KROEMER (1903) and later MyL1Us (1913) and ZIEGENSPECK
(1921) doubted the occurrence of fatty substances in the Casparian strips as the
results of attemps to stain the strips with fat-colouring substances were negative.
WARDEN (1935) has reported negative results with Sudan III and Sudan IV
in Senecio vulgaris.

Electron micrographs did not reveal any abundance of fatty substances in the
Casparian strips (FALK & SITTE 1960).

Other substances occurring in the strips are pectin, cellulose and lignin, ali
of which are readily recognized.

Differences of opinion about the function of the Casparian strips in roots
also occur. KRAMER (1949) hardly recognized them as a functional structure.
VAN FLEET (1961) (p. 204) stated: “It is apparent that the radial walls of the
endodermis are impermeable to water...” FREY-WYSSLING (1959) regarded
the strips as a barrier for ions. He based his statement on the work of Rurz
DE LavisoN (1910) who stated that ferrous ions, taken up from very dilute
solutions, do not pass the endodermis while more concentrated solutions do. It
is, however, not clear from de Lavison’s paper how he prevented the oxidation
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of the ferrous-sulphate solution and consequently the precipitation of basic
ferri salts. A consequence of the impermeability of the Casparian strips would
be the separation of the free space of the cortex and the stele, which physiologi-
cally might be very important. The differences of opinion enticed us to try to
investigate the permeability of the Casparian strips.

2. MATERIALS AND METHODS

The plant material used was cultivated on Hoagland solution in water culture.
Species used were Vicia faba, Limnobium stoloniferum, Pisum sativum, and Aescu-
lus hippocastanum. In all species the main roots were used. For special purposes
some cultures of Vicia faba on vermiculite and on cultivating earth were used.
Detection of fatty substances was done with Sudan ITI, Sudan IV and Fettrot;
the latter was used most of the time as it proved to be the most sensitive rea-
gent. Dye solutions were made up of tapwater with safranin, basic fuchsine and
Mohrs salt in the concentrations mentioned in the text. Ferric-ions were detected
with a slightly acidified solution of K,Fe (CN),.

3. RESULTS

In the first experiments we placed the roots of intact plants of Vicia faba in a
solution of safranin 0.1 g/l in water. After about 48 hours hand sections revealed
safranin in the xylem which was brilliantly red and in phloem fibres which were
only very slightly tinged. The cortex was coloured in the different experiments
with different intensities, which proved to be caused by different degrees of
suberisation of the exodermis. The endodermis had the intensity of the cortex at
the outer side of the Casparian strips; the inner cell wall was not tinged or only
very slightly, like the pericycle.

Experiments were also done with Limnobium. Safranin and basic fuchsine
gave the same results as the experiments with Vicia. The results indicated that
indeed the Casparian strips block the entrance of the dye solution. The question
remained, however, as to how the safranin reached the xylem and to a lesser
extent the phloem fibres. We first thought that safranin could have leaked into
the xylem by way of the very young parts of the roots where the Casparian strips
are not yet developed.

Experiments to exclude this way of entrance were done by inserting various
lengths of the tips of the roots into plastic tubes filled with lanolin. After immers-
ing them in the safranin solution we found Casparian strips in the zone just
inside the tubes. Inside the tubes no colouration was observed. In the part of the
roots that had been in contact with the solution the xylem was just as red as in
the former experiments. Experiments with roots of Pisum sativum gave essenti-
ally the same results, except that in Pisum all the walls of the endodermis were
stained.

Another way of entrance of the solution might have been the lateral roots
{DUMBROFF & PEIRSON 1971).
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To exclude entrance by way of the latetal roots or rootinitials plants were placed
with their root systems in water-saturated air. In a number of places along the
roots we placed a drop of basic fuchsine or safranin 80 ppm in water to which
129 of gelatine was added; the gelatine was applied at its solidifying tempera-
ture. After 24 hours the roots were sectioned and we observed that the dyes had
entered the stele and coloured the whole xylem, the other stelar tissues being
tinged only very slightly or not at all. A similar experiment was performed with
a diffusion time of only half an hour. Even in this short time the dyes were
observed in the xylem at the side of the root where the drop of gelatine was
applied. The Casparian strips did not stain with Fettrot. The experiment with
a diffusion time of 24 hours and basic fuchsine was repeated with roots of descu-
lus hippocastanum, with identical results. Clearly fuchsine and safranin pass the
endodermis. The pattern of colouration of the root sections appeared always
the same.

To elucidate this point sections of untreated plants:were placed in solutions
of very low concentrations of basic fuchsine. The pattern of colour intensities
was the same as in our previous experiments, being caused by the different affi-
nities of the walls for the dye.

Now there remain two possible ways of entrance of the dye solutions into the
stele; either by way of the cell wall or by way of the living protoplasm of the
endodermal cells. To exclude the last-mentioned pathway, roots were freeze-
dried or fixed the night over in alcohol 96 9 and air dried, so that all cells only
contained air. Application of basic fuchsine in gelatine and subsequent sec-
tioning after a few hours of the dried material showed that the dye and of course
water had reached the xylem.

In order to exclude that the dye entered the stele owing to metabolic activity,
we performed an experiment in which two groups of living plants were treated in
the same way with coloured gelatine. The only difference between the two groups
was that one group was kept at 23 °C and the other at 2°C. Four hours after appli-
cation of the gelatine the results for both groups were the same, viz. the xylems
were stained. If at 2°C the metabolism and the permeability of the plasma
membranes of roots of Vicia faba are reduced to negligable propozrtions, the
only remaining way of entrance should be by way of the cell walls.

To check if the same results would be found with more physiological sub-
stances such as ions, the experiments with dried roots were repeated with 5%
gelatine to which Fe(NH,), (SO,), 3,4% had been added. The gelatine was
stored overnight at 4°C which caused the oxydation of ferro to ferri. After
sectioning the dry material 4 hours after the application of the gelatine
the ferric ion was detected by addition of a slightly acidified solution of
K Fe (CN);. The reaction revealed iron in the stele.

In all experiments we looked for fatty substances in the visible Casparian
strips with fat colouring dyes, mostly using Fettrot, apparently the best reagent
in this case. Also Sudan IIT and IV were used.

Staining of the Casparian strips could never be observed. To ascertain that
the lack of fatty substances in the Casparian strips could not be due to the fact
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that the plants were cultivated on water culture, plants were also grown on
vermiculite and potting earth at somewhat lower temperatures, 22°C at day-time
and 15°C at night. Under these conditions no fatty substances could be detec-
ted, either.

If, however, the slightest stain with Fettrot was obtained in the exodermis
there was an absolute blockade for the dyes used.

In the developing roots the ageing endodermis develops a film of fatty sub-
stances over all cell walls that was very clearly detectable with Fettrot. This
process starts opposite the phloems. The results with roots in this stage of
development showed entrance of the dyes only through the gaps in the secondary
endodermis.

4. DISCUSSION

From the experimental observations described in the preceding section it seems
evident that the Casparian strips do not completely prevent transport through
the endodermal cell walls. The possibility remains that incrustration with lignin
reduces the velocity of transport through the endodermal cell walls to some
extent. OQur experiments were not designed to warrant any conclusion on that
topic.

ACKNOWLEDGEMENT

The authors thank Prof. Dr. R. Brouwer for his general interest in this work and his suggestion
of the experiment with the different temperatures.

REFERENCES

BROUWER, R. (1954): The regulating influence of transpiration and suction tension on the
water and salt uptake by the roots of intact Vicia faba plants. Acta Bot. Neerl. 3:264-312,

— (1965): Ion absorption and transport in plants. Ann. Rev. Plant Physiol. 16: 241-266.

DumBROFF, E. B. & D. R. PersoN (1971): Probable sites for passive movements of ions across
the endodermis. Canad. J. Bot. 49: 35-38.

Esau, K. (1965): Plant Anatomy. Wiley & Sons, New York.

FaLk, H. & P. StrTe (1960): Untersuchungen am Casparystreifen. Proc. Eur. Reg. Conf.
Electron Microscopy, Delft 1960, 2. 1063-1066.

FREY-WYSSLING, A. (1959): Die pflanzliche Zellwand. Springer Verlag, Berlin.

KRAMER, P. J. (1949): Plant and soil relationships. McGraw-Hill Book Cy. New York.

KROEMER, K. (1903): Wurzelhaut, Hypodermis und Endodermis der Angiospermenwurzeln.
Bibliotheca Botanica 12, H. 59: 1-159.

MyLrius, G. (1913): Das Polyderm. Bibliotheca Botanica 18, H. 79.

PRIESTLEY, J. H. & E. E. NorTH (1922): Physiological studies in plant anatomy. I1I Structure of
the endodermis in relation to its function. New Phytol. 21: 113-139.

— & RHODES, E. (1926): On the macrochemistry of the endodermis. Proc. Roy. Soc. (London)
B 100 (701): 119-128.

RuFz DE LAvisoN, J. DE (1910): Du mode de pénétration de quelques sels dans la plante. Rev.
Gén. Bot. 22: 225-241.

ScoTT-RUSSELL, R. & D. A. BARBER (1960): The relationship between salt uptake and the
absorption of water by intact plants. Ann. Rev. Plant Physiol. 11: 127-140.



ON THE FUNCTION OF THE CASPARIAN STRIPS IN ROOTS 175

VaN FLeeT, D. S. (1961): Histochemistry and function of the endodermis. Bot. Rev.27:165-220.

WARDEN, W. M. (1935): On the structure, development and distribution of the endodermis
and its associated ducts in Senecio vulgaris. New Phytol. 34: 361-385.

WISSELINGH, C. VAN (1926): Beitrag zur Kenntnis der inneren Endodermis. Planta (Berl.) 2:
27-43.

ZIEGENSPECK, H. (1921): Uber die Rolle des Kasparischen Streifens der Endodermis und
analoge Bildungen. Ber. D. Bot. Ges. 39: 302-310.



