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Souhrn 

1. Listy eukrovky (Beta sacchari]era), je~ asimilovaly aktivnl kysliSnik uhliSit~ 
C1402, byly v zemin~ podrobeny pochodu humifikace. Po t~ech a~ p~ti m~sicich 
humifikace byla usu~en~ zemina extrahov~na ether-alkoholem, pak natrium nebo 
kaliumhydroxydem a kyselinou chlorovodlkovou byly huminov~ kyseliny odd~leny 
od fulvokyselin. V~ecky frakce byly radioaktivni. 

2. Rostliny kuku~ice (Zea mays) vyrostl~ ve z~ed~n~m Knopov~ ~ivn~m roz- 
toku s p~idanou aktivnl huminovou kyselinou jevily v ko~enech i v listeeh radio- 
aktivitu. Mezi ko~eny a listy v~ak byl velk:~ rozdfl. Byla-li aktivita ko~enfi po dvou 
a~ dvan~cti dnech asi 100 a~ 200 imp./min, byla aktivita listfl kolem 20 imp./min 
po~its na jednu rostlinu nebo asi 300 imp./min/10 mg u ko~end a na hranici 
m~itelnosti  u list~. 

3. Kdy~ na spodnl ~ s t  rubu prvniho listu kuku~ice byla nanesena kapka roz- 
toku a suspense aktivni kyseliny huminov~, ~i~ila se velmi m~lo i v tomto listu; 
aktivit~ druh~ho a t~etlho listu byla i po p~ti dnech na hraniei m~itelnosti ;  obdobn~ 
v ko~enech. Tak~ z kapfls zabodnut~ch do mesokotylu se kyselina huminov~ 
~fi~ila obdobn~, po p~ti dnech byla na hraniei m~itelnosti .  

4. Autoradiogramy se pln6 shodovaly s vs}sledky ziskan~mi po6ita6em. Ko~eny 
byly prokresleny z[eteln~ a vice m~n~ intensivn~, kde~to listy se neobjevily nebo 
jen jako slab~ stiny. 

5. Pon~vad~ aktivita ~ivn~ho roztoku b~hem kultivace stoupla, nep~ijaly rost- 
liny ani to mno~stvi huminov~ kyseliny, je~ bylo rozpuw v objemu vytrazmpi- 
rovan~ vody; z toho snad lze soudit, ~e rostliny p~ijimaly velk~ molekuly, a proto 
pomalu. Rozhodn~ nelze mluvit o hromad~ni v pletivu. 

6. Naw pokusy nerozhodujl, pronikh-li nezmSn~n~ kyseliny huminov& do buhky. 
Mfliteme podle nich pouze uzavirat, ~e, p~id~me-li radioaktivni huminovou kyse- 
linu do vody nebo do ~ivn~ho roztoku, objevl se radioaktivita v ko~onech a pozd~ji 
slab6 i v listech. P~ipustime-li ~e v rostlinn:~ch orghnech nam~en~ aktivit~ byla 
pflsobena aplikovanou kyselinou huminovou p~imo, znamenh to, ~e pronik~ do 
rostliny pom~lu, neni hromad~na a z ko~enfl se po rostlin~ w pomalu. 

Je mo~n~, ~e se radioaktivni uhlik dostane do rostliny v molekule kyseliny 
huminov~, neni vw vylou6ena mo~nost, ~e se do ko~enfl a z ko~enfl do listfi dostane 
teprve po rozkladu velk~ molekuly, eventuhln~ teprve po jejl mineralisaci. Ale p~i 
rychl~ mineralisaci by se v rostlin~ jist~ ~ti~ila rychleji. 

Summary 

1. Leaves of sugar jbeet (Beta sacchari/era), which had assimilated active 
carbon dioxide C1402, 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. I t  can only be conclude d, 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. 
I f  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 humic acids 

As the source of active material we used sugar beet (Beta sacchari/era) 
leaves extracted with water. They assimilated active carbon dioxide Cla09. 
and, in the water extract and in the non-dissolved residue (LIEBSTER, 
CttRASTIL and BABICK~ 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 tha t  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 (PRs ~ATSKY- and MELICtIAR 1957, PRs 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 #C, i. e. about 1 #C/mg., content of C 1~ 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. VII to 24. X. 1956) the 
soil was dried at a temperature of 85 ~ C, extracted with 50 ml. 0.1 N HC1; 
following filtration it was extracted with 0.1 N NaOH. The filtrate was precip- 
itated with 2 N HC1 and on the following day the sediment (brown flakes) 
was centrifuged. The clear yellow supernatant was active, but dialysis of 
fulvie acids has hitherto only been partially successful, because they passed 
through the membranes used. The sediment of humie acids obtained by 
centrifuging was dried (preparation a). I t  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. I-Iumification 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 tha t  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 "bi tumen",  fulvic acids and humic acids to 
the extracted residue was about 6 : 6 : l 0 : 25. This residue of soil was then 
extracted again with hot 2 N KOH (40 ml.) for about 30 min. I t  was left to 
cool, centrifuged on the second day; the supernatant was precipitated with 
HC1, the second (less soluble) fraction of fulvic acids, humic acids and humin 
(preparation e) 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 sample.s was measured by V. Oppltovs of the Radio- 
biological Department of the Insti tute of Biology, Czechoslovak Academy 
of Sciences. She used mainly Friesecke and- Hoepfner's apparatus; mica 
1 mg./em~.or 0.99 mg./em 2. 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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Soil ~ ac t ive  B e t a  leaves  wi th  (~14 

humif ica t ion  2 to 5 m o n t h s  
dr ied  

e x t r a c t i o n  wi th  e ther-  alcohol 
] 

d ry  p roduc t  e x t r a c t  " b i t u m e n "  

ex t r ac t i on  w i t h  0. l N K O H  
J 

res idue 24 hour s  f i l t rate 
p rec ip i ta ted  w i th  HCI 

ex t r ac t i on  2 N K O H  t 
I 

~ prec ip i t a ted  dissolved fulvic ac ids  
res idue  ex t r ac t  h u m i c  acids  

p rec ip i ta t ion  dia lys is  
w i t h  HC1 

I 

prec ip i t a t ed  h u m i c  acids  d issolved fulvic acids  
dialysis  

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 rain. 

Repetit ion 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  wi th  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  0.01% 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 tha t  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 cm. 
(they were selected at approximately the same length in each series), coleoptiles 
were about 2 to 4 em. 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 cm., 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 digesters 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 oi 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: 

Date 

10. X. 
14. X. 
21. X. 

_ T 

Days  m solution 

1 
5 

12 

epm. /p lant  

roots 

4 
16 

I 75 

leaves 

0 
2 

14 

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

Date 

21. XI .  
23. XI .  
26. XI .  
29. XI .  

3. X I I .  

V ~  

Days  in solu- cpm. residue 
t ion f rom 20 ml. Roots  

0 
2 
5 
8 

12 

3162 

4034 

41 
128 
232 
221 

cpm./plant  

Leaves 

subst,  sap 

8.6 5 
19 15 

7 5 
5.2 11.5 

total  

14 
34 
12 
17 
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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). 

el)m./plant 

])ate Days  in solu- cpm. residue 
t lon from 20 ml. Roots  Leaves 

in solution advent ,  subst .  

17. XI .  
19. XI .  

1 
22. XI .  
29. XI .  

2 
5 

12 

2202 

2450 

, ~ 8  , m 

132 
177 3 

3.7 
. )  

i6 

sap total  

0.3 4 
3 5 
6 26 

VII. 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 NSmec'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 t3 a quarter. From 22. XI. to 27. Xt. 
the plants grew normally. 

VII. a. A drop (0.01 to 0.1 ml.) of solution with a suspension of active 
preparation c was placed on the lower surface of the first leaf. I t  wa~ diffi- 
cult to keep the drops on the smooth leaf surface, but those which s tayed 
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. 

V~I. 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. I t  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. 

I t  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. 

l)iseussion 

From the literature quoted and from our experiments it is evident tha t  
radioactive carbon in carbon dioxide or from a solution of inorganic salts 
(bicarbonates) penetrates very rapidly into plants. According to KURSANOV 
(1957) radioactive carbon spreads in herbaceous plants at a rate of 3 cm./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 .  ARD EN E) .  

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. 

KvzI~ 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 humic acid 
to water or to nutrient solution radioactivity appears in the roots and later 
weakly in the leaves. I f  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. I t  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- 
i ty 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  quanti ty 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. I t  is definitely not possible to speak of accumulat- 
ion in the tissues. 

This fact points to the possible conclusion that  during cultivation humie 
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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G4 I y M H H O B b l e  I{HCJIOTbI e 

C. IIPAT, O. IIOCIIItlIIH~I 

PeamMe 

1. JIHcT~H caxapHof i  c n e ~ m a  ( B e t a  s a c c h a r i f e r a ) ,  KOTOphIe a C C n M H ~ p o s a ~ e  a~THnll},|i.i 
y r ~ e n H c a u f i  r a n  C1402, n o ~ n e p r a ~ H c ~  npot~eccy r y , ~ n q b m r  B aeMne. Hoc~e  3---5-MeCflU- 
HOfi r yM~HKat IHH n~acymeHua~ noqBa aKcTpar~poBaJtacb CMeChIO a~b~pa co CI1HpTOM 
H I1OTOM ryMr~Honue KHCJIOTKI OT~eTI~IJIHCb OT (~ygIbBOnllCYiOT C IIOMOIllhIO e~Inoro h a n n a ,  
~ e n n o r o  HaTp~a r ich  co~aHofi  KHCJIOTIxI. Bee  qbpa~am~ o r c a a u a a ~ n c b  pa~IHOaKTHBIH~Mti. 

2. Y pacTenHfi K y n y p y a u  (Zea m a y s ) ,  ~ u p a m e n H u x  a paaae~lenuoM IIItTaTOYlhHOM p a c r -  
Bope ]{HOIIa e npH6aB~qeltHeM anTI4BHOH FyMI4HOBOH KHC.~IOThl. B noptt~tX H JIHCTbHX tta6iIIO 
~ a a a c b  pa~HOanTHrlHOCTI,. O~l~ano Meh~Iy nopHflMrl tI JIIICT]bflMH 61~JIa 6 o a b m a a  paaHmta .  
ECaH anTHBHoeTb KopHefi qepea  2 - - 1 2  ~Hefi COCTaaau~a o n o a o  i 0 0 - - 2 0 0  n M n . / u n m ,  TO a g -  
TtlBHOCTL JIHCTheB 6bIgla OKOJIO 20 HMII./MHH. B nepecqcTe Ha i pacTeHr~e, I4~H ~r onoJn~ 
300 HMn.]MHH./10 Mr y ~opnef i  ~ Tear,CO cne ; Iu  aKTHBHOCTrl na6~im~Ia~aucb y ,~U,;T~en. 

3. H o r ~ a  ~a  HUmdrum ~IaCTI, o6paTuOfi CTOpOHh[ H0[)BOFO JIHOTa K y n y p y a u  naHO('n.rH~ 
g a n m o  p a c ~ n o p a  ~ c y c n e ~ a ~ n  anTHBHOH ryMHHOBOH KHC,IOTK[, aKTHBHOCTb BeCbMa HO3HaqH- 
T e ~ u o  p a c n p o e v p a ~ a a a e ~ ,  ~ s aTOM ~ueTe.  AKTHBHOCTB BTOpOFO H TpeTBero ~HceTa qepe3  
5 ~IHeH 6hIBaJIa Ha i iopore  II3Mepa0MOCTH TOn hge tt B n o p n n x .  1/13 naHn : i~npon ,  BOTKHy- 
ThIX B bIeaOKOTHJIB, ryMHltOBafl KI4CJIOTa p a c n p o e T p a n r t ~ a e b  TaKI4M ~Ke oSpa3oM u qepe;; 
5 ~nefi  n a 6 ~ m ~ a . ~ n e B  ~ n m ~  c~e~ta aKTI4BHOCTH. 

4. hnTopa~IHorpaMMia no~noeT~,~o eOOTBeTeTBOBa~H peay~bTaTaM, ;IoJIyqeHrthIM C liO- 
MOnlr,~o cqeTqr~na. E o p u n  Bi~pncon~ma~t~fe~, OTqeTgIltBO H 5oJme ~i~u Menee I4HTeHCHBHO, 
T e r r a  Kale JIHeTbit He IIOHBYI~IJIHCb 1t~114 IIOflBJIYI~IHCI, TOJlhnO B BH~O c~aShlX TeHefi. 

5. TaR  r a n  aKTHBHOCTB HIITaTOYlhHOFO pacTnopa  e To'IeHHO KyJIhTHBaIII414 noBbniia,'Ia(.t,, 
paeTeHr~fl He BIIHTaJIII ~a~no TOFO nOJII4qOCTBa FyMHIIOBOI'i ](nc~qOThl, KOTOpO0 ~blgIO pacTBopeHo 

o6~eMe no~lu, nu~Ie~mmuefic~ n p ~  Tpancnnpa~I~n .  M e , n o  no~a raT~ ,  qTO a p a c T e n u n  
n o c T y n a ~  n p y n H u e  Mo~eny~m~ u nOaTOMy cnopocTb ;ix noeTyiIJieHH~l (3h~a Me~l~enHofi. Be  
ecnnoM c ~ y q a e  He:m3~ roBopeTb O HanOrlJIenI41i B TKanflx.  

6. H a m u  OlIhlThl tte ,/(aIOT OTBeTa, npoHl, II'~aeT :[14 ryMifuonau  [.r n K[IeTI.~I4 B HelIaMO- 
HeHHOM aH;ae. M o m n o  TO,hUe cnaaaT~,, "ire, ec :m paAlioal{TrlBnyIo r y i u u o n y ~ )  ~m(':mTy 
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] I | )H(~IBt lTb 1r B()]],O H.IIH 1( l lHT~lTe.rlhtlOMy p a ( ' T B o p y ,  TO p~I~LH()~IKTHBIIOCTb IIOHB.II$I(~T('~[ B t r  
tH[X li l l ( )3~lnee 1[I c . T I f l 6 e e -  H B JIIICTI, I-IX. / [ a ~ e  ec;II~[ .3,oIIyCTHTB, qTO O T M e q e H H a H  HflMH B o p -  
t'~tttO.X [)aCTOHHI~ al(THBHOCTB (~l,ldHl oSyc:ion:mm~ llp~MO np~Mene.ne,~t I 'yMIItIOBO/~ I~HCJ~O*Fbl, 
.)TO ()31Iilq~lOT, qTO F y M H H O B a g  I{II('~']()T~I I lpoI lHR~/eT B p,qCTt~H~f[ M0~[,'I0flHO~ 1|(~ t[~IIr 
I! il;~ |r MP,~IJIOttHO pac~tpoc'rpa.flCTC~[ ~io m',eMy ])~I('T(2HHIO. 

|{O:LMOiICHO, qTO pfl~IHOfltCTilBI[l,ifl yl'~epoA ]I()HaAa()T B pa(;T('HH(~ B MOJI(q(yJ[( '  I'yMHIIOBOi+i 
I~ll('.'Io'rt)l, l i e  1f( ~ HCI{JIIOtiOHa BO3MO>I~H()('TI~ qTO Oil HOH~i~I,~IOT B l ( ( )pl l i I  H 113 [ ;optIOl4 B JIt lCTbH 
TO.~II)I{O ]10(':I( ~ [)a(Hl~l~a l f p y I I t l O ~  MOJ]OKyJIh[,  HJIP[ >I~O TOJllbI(O ll()('dI(~ ('(' M~IH0paJ IW3a l [HH.  
()~'[II~H~O II[)H (~I,[('TpOH MIIII(~pa. 'IH3;I[[IHI ~IICTtIBII()('TI,, IIOI'OMHOHIIO. p [ l ( . f lpo( ,Tp ,q i t~ i j [ a ( .b  (~bl 
It ])~IeTOII1TH ~l , l ( " rpe(L 

B I O L O G I A  P L A N T A R U M  - -  II3AaCTC~I BnoziorHqe('lr 141tFTIITVTOM qexoc.aot~alttr 
A,r Hay~r s H3,~aTQ, ' IbCTBe q C A H ,  I Ipara  I I . ,  Bo;mqi~ona 40. - -  BL~xo~rvr 4 paaa 
n r()~. |[ofIIlt,IcnaH IteHa ~m I roA Hqc 30 , - - ,  ~leua O;tHOrO nOM(~pa Hqc 7,50. - -  Aapec 
p~lR~tl;.IHl;i: Btlo~qol'HqecIr ]4HOTIITyT t ICAH,  Ha IJ~BHqHHITH 2, l [para  6. - -  3alr 
ApT.U, CMeqlr 30, [[para 2, qexoc,Txouat<n~. - -  Tnnovpad~n~r: Knih t i sk ,  n. p.  zhvod tk, 

P raha  13, S~mova t2.  
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