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Souhrn

1. Listy cukrovky (Beta saccharifera), jei asimilovaly aktivni kysli¢nik uhlicity
C140,, byly v zeminé podrobeny pochodu humifikace. Po tfech az p&ti mésicich
humifikace byla usuSené zemina extrahovéna ether-alkoholem, pak natrium nebo
kaliumhydroxydem a kyselinou chlorovodikovou byly huminové kyseliny oddéleny
od fulvokyselin. Vsecky frakce byly radioaktivni.

2. Rostliny kukufice (Zea mays) vyrostlé ve zfedéném Knopové Zivném roz-
toku s pfidanou aktivni huminovou kyselinou jevily v kofenech i v listech radio-
aktivitu. Mezi kofeny a listy v8ak byl velky rozdil. Byla-li aktivita kofenli po dvou
az dvanicti dnech asi 100 az 200 imp./min, byla aktivita listd kolem 20 imp./min
poéiténo na jednu rostlinu nebo asi 300 imp./min/10 mg u kofend a na hranici
métitelnosti u listd. '

3. KdyZ na spodni ¢4st rubu prvniho listu kukufice byla nanesena kapka roz-
toku a suspense aktivni kyseliny huminové, §ifila se velmi malo i v tomto listu;
aktivita druhého a tfetiho listu byla i po péti dnech na hranici méfitelnosti; obdobné
v kotenech. Také z kapildr zabodnutych do mesokotylu se kyselina huminova
gifila obdobné, po péti dnech byla na hranici métitelnosti.

4. Autoradiogramy se plné shodovaly s vysledky ziskanymi poéitaé¢em. Kofeny
byly prokresleny zietelnd a vice méné intensivng, kdeto listy se neobjevily nebo
jen jako slabé stiny.

5. PondvadZ aktivita Zivného roztoku b&hem kultivace stoupla, nepfijaly rost-
liny ani to mnozstvi huminové kyseliny, jez bylo rozpusténo v objemu vytranspi-
rované vody; z toho snad lze soudit, #e rostliny pfijimaly velké molekuly, a proto
pomalu. Rozhodng nelze mluvit o hromadéni v pletivu.

6. Na#e pokusy nerozhoduji, proniké-li nezménéns kyseliny huminovs do butiky.
Muzeme podle nich pouze uzavirat, %e, pfiddme-li radioaktivni huminovou kyse-
linu do vody nebo do Zivného roztoku, objevi se radioaktivita v kofenech a pozdgji
slab® i v listech. Pfipustime-li Ze v rostlinnych orgdnech naméfens aktivita byla
pusobena aplikovanou kyselinou huminovou p#imo, znamené to, Ze proniké do
rostliny pomalu, neni hromadéna a z kofenti se po rostling 8ifi pomalu.

Je moiné, Ze se radioaktivni uhlik dostane do rostliny v molekule kyseliny
huminové, neni viak vyloutena moznost, ze se do kofent a z kofent do listit dostane
teprve po rozkladu velké molekuly, eventudlng teprve po jeji mineralisaci. Ale pfi
rychlé mineralisaci by se v rostling jisté sifila rychleji.

Summary
1. Leaves of sugar beet (Beta saccharifera), which had assimilated active

carbon dioxide C'40,, were subjected to the process of humification in soil.
After three to five months of humification the dried soil was extracted with
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ether-alcohol, then with sodium or potassium hydroxide; the humic acids
were separated from fulvic acids with hydrochloric acid. All fractions were
radioactive.

2. Maize plants (Zea mays) grown in diluted Knop’s solution with the
addition of active humic acid showed radioactivity in the roots and leaves.
There was, however, a marked difference between the roots and the leaves.
While the activity of the roots after two to twelve days was about 100 to
200 cpm., that of the leaves was about 20 cpm. as calculated for one plant, or
about 300 cpm./10 g. for roots and at the limits of measurement for leaves.

3. When a drop of solution and suspension of active humic acid was placed
on the lower surface of the first leaf, it spread very little even in this leaf; the
activity of the second and third leaves was at the limits of measurement after
five days; the same applies to the roots.

4. Autoradiograms were fully in keeping with the results obtained with
the counter. Roots were clearly marked and more or less intensely, while the
leaves did not appear or appeared only as faint shadows.

5. These experiments do not resolve the question of whether unchanged
humic acid penetrates into the cells. It can only be concluded, on the basis
of these experiments, that if radioactive humic acid is added to water or to nu-
trient solution, radioactivity appears in the roots and later weakly in the leaves.
If it is assumed that the activity measured in the plant organs was caused by
humic acid applied direct, this means that it penetrates into the plant slowly,
it is not accumulated and spreads throughout the plant slowly from the roots.

Preparation of active humie acids

As the source of active material we used sugar beet (Beta saccharifera)
leaves extracted with water. They assimilated active carbon dioxide C'0,
and, in the water extract and in the non-dissolved residue (LIEBSTER,
CurAsTIL and BaBickY 1957), contained both radioactive assimilates
and anabolic substances formed from them. These were subjected to the
normal course of humification. Thus, labelled humic acids could be formed
both by the humification of the radioactive compounds contained in the
beet leaf, and also, through the exchange of active carbon with the carbon
of humic acids already contained in the mixture with earth. We did not deal
with this question, which had no essential effect on the result of the experi-
ment. Still less is it possible as yet to judge in what group and in what manner
active carbon is bound. In the meantime, however, it may be regarded as
decisive that the humic acid fraction prepared in the usual way, i. e. by alkali
extraction and_ precipitation with acid, and the other fractions, were radio-
active (PrAT, CaTskY and MELICHAR 1957, PRAT 1958).

As the substrate for humification and as inoculation material we chose
leafmold (fine earth sieved through a two millimetre sieve), which did not
-effervesce in hydrochloric acid. In the second series we therefore omitted
the preliminary extraction with hydrochloric acid.
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In the first experiment we used about 396 mg. of dry beet leaves with an
activity of 394 uC, i. e. about 1 xC/mg., content of C* about 119 mg. We
exposed these leaves to humifying conditions in a mixture of 25 g. of dry
leafmold, 1-5 g. dry normal beet leaves and 20 ml. of water. The material
was mixed and put in a covered dish in a desiccator with 20 ml. 0-1 N NaOH
in the dish and test-tube. After sixteen weeks (5. VIT to 24. X, 1956) the
soil was dried at a temperature of 85° C, extracted with 50 ml. 0-1 N HCI;
following filtration it was extracted with 0-1 N NaOH. The filtrate was precip-
itated with 2 N HCI and on the following day the sediment (brown flakes)
was centrifuged. The clear yellow supernatant was active, but dialysis of
fulvic acids has hitherto only been partially successful, because they passed
through the membranes used. The sediment of humic acids obtained by
centrifuging was dried (preparation a). It was again dissolved and precipitated
to clean it. The procedure in the second experiment was similar. 10 g. of
fresh leafmold sieved through a 2 mm. sieve was mixed with 30 g. of fresh
beet leaves, 170 mg. of dry radioactive beet leaves and 6-5 ml. of distilled
water were added. Humification proceeded under conditions similar to those
of the first experiment. After about 4 months (5. I. to 2. V. 1957) the material
was dried at a temperature of 52° C. The dried sample was first extracted in
Soxlet’s apparatus for 24 hours with 50 ml. ethylalcohol and 50 ml. ethyl-
ether. The clear yellow extract later turned greenich; when dried in the air
the residue (“‘bitumen’”) was dark green.

50 ml. of 0-1 N KOH was poured on to the soil that had been extracted
with alcohol-ether, the filtrate was precipitated after 24 hours with HCI
and the brown flakes obtained were centrifuged after a further 24 hours.
The sediment was purified by dialysis against distilled water and dried at
ordinary temperatures (preparation b).

The ratio of the activities of “bitumen’, fulvic acids and humic acids to
the extracted residue was about 6 : 6 : 10 : 25. This residue of soil was then
extracted again with hot 2 N KOH (40 ml.) for about 30 min. It was left to
cool, centrifuged on the second day;the supernatant was precipitated with
HCI, the second (less soluble) fraction of fulvic acids, humic acids and humin
(preparation c¢) being thus separated; these were considerably more active
than those from the first extraction, 0-01 ml. giving 285 cpm. The process
of preparation can be indicated as follows: (Scheme on the page 74).

Measurement of activity

The activity of all samples was measured by V. Oppltova of the Radio-
biological Department of the Institute of Biology, Czechoslovak Academy
of Sciences. She used mainly Friesecke and- Hoepfner’s apparatus; mica
1 mg./em?.or 0-99 mg./em?. The preparations were dried on stainless metal
dishes or on aluminium foil. The solutions were evaporated and dried on
them. Plants, both separated leaves and well-washed roots, were ground and
the pulp was dried on aluminium foil. Insofar as any sap could be obtained
by dripping from the pulp, this was dried on one foil and the remaining pulp
on another.
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In the case of leaves, in particular the dry weight of the older plants was
greater; this caused variations in the thickness of the material; under these
conditions the autoabsorption of the preparation was then strongly marked.

The background was calculated in every case from ten-minute measurements
and gave 12 to 18, usually 14 cpm. Even measurements on different days
varied to a relatively small extent. Otherwise the period of measurement
was always 3 min.

Repetition of measurement of the same sample on different days showed
close agreement (115 :112).

On account of the relatively low activity of the samples, measurements
were taken in different positions in order to be able to ascertain whether
the number of impulses drops when the sample is at a greater distance.

Experiments with plants

Maize plants (Zea mays), “horse tooth” variety, were germinated in Petri
dishes in distilled water. They were then cultivated in Knop’s solution and
after five to eight days transferred to Knop’s solution diluted by about one
quarter. Radioactive humic acid with a total concentration of humate of
about 0-019, was added to this solution. The activity of the preparations
varied.

The plants were cultivated individually in test-tubes with 20 ml. of solution
and the stand with the tubes was put into a large desiccator. Before the desic-
cator was opened the air was extracted through a safety flask, although the
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experiments showed that under the experimental conditions no measureable
amount of active carbon dioxide escapes.

At the start of the experiment the plants had roots of about 6 to 15 em.
(they were selected at approximately the same length in each series), coleoptiles
were about 2 to 4 cm. long (sometimes the first leaf had broken through).
During the experiment the plants grew normally, the daily increase for the
roots being 1 to 2 em., and side roots were also formed normally. The plants
developed 2 to 3 leaves of normal green intensity during the experiment.
Some plants formed adventitious roots over 10 cm. long at the base of the stem.
The first two series were cultivated in the laboratory in diffused daylight,
the rest in digestors under Tesla lamp TZ 20/R 36.

In the first series the solutions remained clear or were slightly clouded.
In series V to VI the control solutions (without plants) remained clear, while
the solutions in test-tubes with maize plants clouded within 2 to 4 days and
there was a sediment of brown flakes. Control solution only clouded after over
a month.

Examples of Experiments

II. Maize was cultivated in diluted Knop’s solution with active humic acid
preparation b. The activity of the residue from 20 ml. of solution at the start
of the experiment (9. X. 1957), i. e. the amount for one plant, was 1320 cpm.
Results of activity measurements are compared in the following survey:

!

; cpm./plant
Date Days in solution
z roots ( leaves
|

10. X. l 1 | 4 0

14. X. 5 | 16 2

21. X. | 12 [ 75 ! 14 ‘I
t

Even after twelve days activity is weak, i. e. about 70 ¢pm/10 mg. for roots
while for leaves it is about 5 cpm/10 mg. Adventitious roots of one plant formed
after twelve days showed activity of 6 cpm, i. e. about 12 cpm/10 mg.

V.
cpm./plant
Date Days in solu- | ecpm. residue ‘ Leaves
tion from 20 ml. R "
oots
subst. l sap 1 total
| |
21. XL 0 1 3162 — i
23. XI. 2 41 8-6 5 | 14
26. XI. 5 1 128 [ 19 15 L 34
29. XI. 8 ; 232 7 5 12
3. XII. 12 1 4034 221 i 5-2 11-5 17
f
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These values after eight to twelve day correspond for roots to about 300
cpm/10 mg., for leaves there are only single impulses.

VI. Humic acids prepared 1. XI. 1956 (preparation a).

cpm./plant ‘
Date Days in solu- | epm. residue Roots Leaves '
tion from 26 ml. T
in solution| advent. subst. \ sap ’ total
17. XI. 2202 l

19. XT. 2 38 | — 3-7 0-3 4
22. XI. 3 132 — 2 3 5 |

‘ 29. XT. 12 2450 177 3 16 6 26

VIIL. Following up the experiments on resorption of humic acids from solu-
tion by roots we tried to observe the activity after the addition of humic
acid through the leaves. We used two methods, the application of drops
of the solution on the leaves, and according to Némec’s method, by piercing
the maize mesocotyl with a capillary filled with a drop of the solution and
containing the suspension of humic acid. :

The maize plants in this experiment had roots 15 to 25 cm. long, the first
three leaves were developed; they were cultivated individually in test-tubes
with 20 ml. of Knop’s solution diluted to a quarter. From 22. XI. to 27. XI.
the plants grew normally.

VII. a. A drop (0-01 to 0-1 ml) of solution with a suspension of active
preparation ¢ was placed on the lower surface of the first leaf. Tt was diffi-
cult to keep the drops on the smooth leaf surface, but those which stayed
dried on well. After five days the first leaves with these drops were dried
for autoradiography, while the younger leaves and the roots were ground as
before and dried on folio and measured; these upper leaves and the roots
in solution did not come into direct contact with the active preparation and
activity could spread to them only from the first leaves.

The average of 15 measurements gave a value of 3-7 cpm. in roots and 2-7
cpm in leaves, i. e. an activity within the bounds of measurement.

VIIL. b. 0-05 to 0-1 ml. of solution with a suspension of the active preparation
was drawn into the capillary, which was thrust into the mesocotyl of maize
or above the mesocotyl. The results of measurements taken after seven days
were 6:2 cpm in roots and 9 cpm in leaves.

Autoradiograms

Autoradiograms fully confirmed the results obtained by measuring with
the counter.

According to the intensity of radiation the roots were printed slightly grey
to nearly black on the autoradiograms, while activity hardly spread at all to
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the leaves so that they were not shown at all on the radiograms. It was only
after 12 days that faint autoradiograms of the leaves began to show as hardly
noticeable shadows after one month’s exposure on the X-ray films Foma.

It is also necessary to deal with the question of the possibility of adsorption
of active compounds at the surface of the roots. From autoradiograms it
is often possible to observe increased activity at the surface. Localised
structures within the root tissues, particularly meristems, young lateral roots,
and vascular bundles show much more intensively black. Active compounds do
not spread from the roots in a regular manner. When their time of action
is short the part of the root above the solution is less clearly shown, the lower
parts of leaves are not shown at all and only the tips of the leaves are clearly
black.

In the leaves, both from cultures with active bicarbonate and from those
with humic acids, the vascular bundles are the first and most intensively marked.

Since the humic acids are easily precipitated from solution, it is necessary
to count with their adherence to the root surface. Autoradiograms show
that. sometimes, in isolated cases, places appear on the root surface which
are strongly black, thus indicating localised precipitation.

Discussion

From the literature quoted and from our experiments it is evident that
radioactive carbon in carbon dioxide or from a solution of inorganic salts
{(bicarbonates) penetrates very rapidly into plants. According to KursanNov
(1957) radioactive carbon spreads in herbaceous plants at a rate of 3 em./min..
that is 2 m./hour. In recent literature there is a wealth of evidence on the rapid
spreading of radioactive carbon in plants. In volumes of Plant Physiology
for recent years, and elsewhere, very many different experiments with various
isotopes have been described (cf. M. v. ARDENE).

On the other hand, with maize plants cultivated in a solution of active humic
acid the roots, even after five days, showed a relatively low activity and only
after 12 days did it rise. From the total amount of radioactive carbon in the
solution however, only a small part was resorbed. In the leaves, even after
the end of this period, the activity was at the border-line of measure-
ment or weak. Thus, active compounds spread from the roots into the leaves
very slowly. This is also confirmed by the behaviour of adventitious roots.
which grew above the level of the solution into the damp air and were either
not radioactive or were radioactive to a much lesser extent than roots immersed
in the solution.

The activity of sap pressed from the pulped leaves (unifiltered) varied greatly:
however, it is not possible to say that activity accumulates in them; either
a considerable part of the radioactive compounds in the leaves was not dissloved
or they remained adsorbed on the solid residue of the leaves.

Kuzix and MerENOvA have studied plants, which had grown for 7 days
on soil to which radioactive organic matter had been added (1955). In 1955
they already demonstrated that carbon is taken up by the roots from dissolved
organic compounds and rapidly conveyed to the leaves, while on the contrary
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plants sown on soil with insoluble components of green manure took up radio-
active carbon slowly (‘““medlennoe usvoenie*) (p. 251).

Our experiments do not, however, enable us to speak of permeability of
cells to humic acid, i. e. if it penetrates unchanged into the cell. The only
conclusion we can draw from them is that if we add radioactive humie acid
to water or to nutrient solution radioactivity appears in the roots and later
weakly in the leaves. If we assume that the activity measured in the plant
organs was caused directly by the applied humic acid, it means that the acid
penetrates slowly into the plant, that it does not accumulate and spreads
from the roots slowly. It is necessary to consider the possibility that radioactive
carbon gets into the plant in the humic acid molecule, but the possibility
cannot be excluded that it gets into the roots and from them to the leaves
only after the disintegration of large molecules, or even after their mineraliz-
ation. We must consider the possibility that humic acids added to the solu-
tion may be decomposed by exoenzymes from the roots or by microbial activ-
ity and reach the roots only following this. But in this case, too, they get
the plant slowly. In the meantime it is difficult to bring this fact into line
with the repeatedly confirmed experience that the influence of humic acids
on the growth of roots is exerted positively from the first hours or days.

Since the activity of the nutrient solution was increased during cultivation,
the plant does not take up even that quantity of humic acids which was
dissolved in the corresponding volume of transpired water; it can perhaps be
judged from this that plants took up large molecules and that for this
reason the process was slow. It is definitely not possible to speak of accumulat-
ion in the tissues.

This fact points to the possible conclusion that during cultivation humic
acid was not mineralized as far as carbon dioxide, because this could escape
into the air and would be taken up by the plant much more quickly. Alternativ-
ely, mineralization is so slow that the activity of its products is very low.
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I'ymunoBbie knciaorsr ¢ G4

C. IIPAT, ®. TOCIHIIAI

Pesiome

1. JlucteAa caxapuoil cBexnanl (Beta saccharifera), KoTOpEe acCMMMIIMPOBAJIN AKTHBHBIL
yriexkucsii ras C*0,, noxseprajiuchk npomeccy rymudnxanmu B semiae. Ilocste 3—5-mecau-
HOR rymmpHKanWM BHICYIIeHHAas NOYBA SKCTPATMpOBajiach cMechio adupa co crnuprOM
B IIOTOM TYMHHOBBIE KMCJIOTH OTHEJANMCH OT (YJBBOKUCIOT ¢ IOMOIIBIO €KON0 KaJus,
WIIA eJJKOro HATPHA WJIA COJAHOR KUCIOTH. Bee PpaKOouy OKAa3LBAJINChE PAANOAKTHBHBIMI.

2. Y pacrenuil KyKypy3H (Zea mays), BRIPALICHHKX B Pa3BeJeHHOM NHUTATC/ALHOM Pact-
Bope Kuona ¢ npu6apjieRneM aKTUBHOH T'YMMHOBOM KHC/IOThI. B KOPHAX M JIMCThLHX Habiio-
Jajach pagMOaKTHBHOCTh. OfHAKO MEKIAY KOPHAMH X JucThbAMM Ohuta GoMbliass pasHUA.
Ecau akTHBHOCTH KOpHe# 4epe3 2—12 gueil coctasiana okodo 100—200 umn. /MuH., T0 aK-
THBHOCTB JIMCTHEB Onlia orosio 20 MMI./MHH. B nepecdere Ha 1 pacrtcHue, MM 3Ke OKOJIO
300 mmn. /MuH.[10 Mr y KOpHeil M TOJIBKO cJIEAB AKTHBHOCTH HaGIONANMCH Y JIHCTHEB.

3. Horma ma HIKHIOI gacTh OOPATHOH CTOPOHK MCPBOIO JIMCTA KYKYPY3W HAHOCKIIM
KAaIJII0 PAcTBOpA M CYCNEH3MH AKTUBHON I'yMUHOBOH KHC,I0TH, AKTMBHOCTH BCCbMA HE3HATH-
TEeJIbHO PacHPOCTPaHAJIACh M B 3TOM JIHCTe, AKTMBHOCTH BTOPOTO M TPEThero JIMCera depe3
5 mHell OmBa/Ia HA HOPOre N3IMEPACMOCTH TaK JKC W B wopHAX. W3 KanwwiApos, BOTKHY-
THIX B Me30KOTH/Ib, TYMUHOBAA KHUCJAOTa PACIPOCTPAHAJIACH TAKHM ke obpas3oM u depes
5 RHeH HAGMBIONANNCH JHIUE CJIeB AKTHBHOCTH.

4. ABTOpaguOrpaMMBl IIOJIHOCTBIO COOTBETCTBOBAJH Ppe3Y/IbTATaM, IIOJAYYCHHHIM C 110-
MOIGBI0 cueTYMKA. HOPHM BLIPHCOBHIBAJIMCH OTHET/IMBO M 0o0Jiee WM MeHee HMHTEHCHBRO,
TOTAA Kax JIMCThS He NMOABNAINCH WIN NOABIAIINCH TOMBKO B BHAE ¢J1alLIx TeHei.

5. Tak KaK aKTUBHOCTH IIHTATEALHOrO pacTBOpa B TeYECHHME KYJbTHBAIIMM IOBLINIAJIACH,
PAaCTEeHUH He BIIUTAJIN JaKe TOr0 KOJIMYeCTBA I‘yMMlIOBOﬁ KHCI0THI, KOTOPOC Obl10 pPacTBOpeHO
B 00beMe BOJRI, BHHOJIHBIIICﬂCH 1IpU TpaHCNUPANUH. Moo noJjiarath, 4YTO B PAacTeHWH
HOCTYIaJ I KPYNHBIe MOJIERY/IBI H HOJITOMY CKOPOCTH HX [OCTYIJICHHSA Onina MellJICHHOi‘I. Bo
BCAKOM CJy4ae HeJIb3A TOBOPHTH O HAKOTIJICHHN B TKaAHAX.

6. Hamy onnTh He AT OTBCTa, NPOHHKACT /M TYMUHOBAH KHC/JI0TA B KICTKH B HCU3Me-
HCHHOM BHJIE. MOMXHO TONBKO CKa3daTh, UTO, €C/TH PAIMOAKTHBHYIO UYMHHOBYK LKHACTOTY
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]lpl/l()illil‘l’l‘b K BOJAC WK K IATATCTBHOMY PacTBOPY, TO PIMOAKTHBHOCTDL TOABJISICTCSL B KROP-
HAX I O3] HEeC 1 citabee — M B JIMCTHAX. JIH)HC CCJIN IOITYCTUTH, YTO OTMCYEHHA HAMU B Op-
rairax p‘dCTOHl’[]‘/’I AKTUBHOCThL OLLIa 06y0.}l()BJIOHEl IIPAMO LIPIMCHCHHUCM l‘yMHHOBOﬁ KACJOTHI,
ATO 037aAYacT, YTOo ryMHHOBAA KHUCJOTA IPOHUKACT B PACTCHUA MCLICHHO, HE HAKATIINBACTCH
1 U3 ROpHe MEJJICHHO PACTIPOCTPATHICTCH 110 BCCMY PACTCHUIO.

BOBM()?{C}I(), UTo panuommmm,lﬁ YINICPO,I NONajiacT B PACTCHIIC B MOJICRYJIe I‘yMHIIOBOﬁ
KUCTOTDBL, 110 HE HCKTIOYEHA BO3MOMKHOCTE, 9TO OH NMONAACT B KOPHU U 113 KOPHCU B JIMCTbH
TOJALKO TIOCTe pacnaja l(pyl’lHOﬁ MOJICKYJIBL, HWJIM AC TOJBLKO lloctie ee MVIHCpélJII/ISEll[i/IVI.
OHaKro Hpyu 6]:[('Tp()ﬂ MUHEDATHIATUIIT ARTHBHOCTL, HOCOMHCHHO, PacIpPOCTPaHAIaCh ont
B PACTCHITH ()le("l‘p(‘,(‘,

BIOLOGIA PLANTARUM — lIspacrest Bnosormueckum uuernryvrom Yexoea0Bangoi

Anagemncit Hayr B Uenareaserse YCAH, Ilpara 11., Boauurosa 40. — Bmixopur 4 pasa

8 rop. [oxmmenas nema na 1 rog Hue 30,—, uena oguoro Homepa Huc 7,50, — Anpec

pamariput: Broaorndeckuit mHetntyr YCAH, Ha usmaumrn 2, llpara 6. — 3axasmi:

Aprua, Cmedrm 30, Tlpara 2, Yexocaosarwsa. — Tunorpadus: Knihtisk, n. p. zavod 4,
Praha 13, Samova 12.

Issued by Biologicky ustav Ceskoslovenské akademie v&d. Yearly subscription (4 numbers)
Kés 30,—. Single number Kés 7,50. — Address: Biologicky ustav CSAV, Na cvi¢isti 2, Praha 6.
Orders: Artia, Smetky 30, Praha 2, Czechoslovakia.

' Zéjemectim v CSR dod4 Po$tovni novinovy ntad, Jindri%sks 14. Praha 3.



