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Permeabllita humusov~eh kyselin 

DO od~ezan#eh v~tviSek rfizn#ch rostlin pono~en#ch ~eznou plochou do roztoku 
humusov6 kyseliny pronikA hn~d6 zbarven# roztok do c6v a je v nich koagulovgm. 
B~hem t:~dno so e6vni svazky zbarvily do v#w 1 a~ 6 cm. V parenchymatick:~ch 
bufikAch neni mo~.no primo humusovou kyselinu zjistit; ale i buhky se ~lut~i nebo 
hn~dav~ zbarvenou blanou jsou ~iv6 (dajl se plasmolysovat). 

Kyselina humusov~ znaSenA aktivnlm uhllkem C 14 se v rostlinAch ~iH ce|kem 
stejnit v nesterilnieh i s~erilnich kultur~ch, a to rovn~, p~edev~im e6vnimi svazky. 

Summary 

W h e n  sma l l  b r a n c h e s  o f  d i f f e ren t  p l a n t s  w e r e  d i p p e d  a f t e r  c u t t i n g  i n t o  a 
s o l u t i o n  o f  h u m i c  ac id ,  a b r o w n  s u b s t a n c e  p e n e t r a t e d  i n t o  vesse ls  a n d  coagu l -  
a t e d  t he re .  T h e  v a s c u l a r  b u n d l e s  were  s t a i n e d  t o  t h e  h e i g h t  of  1 - - 6  c m  a f t e r  
a week .  T h e  p r e s e n c e  o f  t h e  h u m i c  ac id  in t h e  p a r e n c h y m a l  cells  cou ld  n o t  be  
d e m o n s t r a t e d  d i r e c t l y ,  b u t  cells  w i t h  a y e l l o w  or b r o w n  cell  wa l l  r e m a i n e d  a l ive  
( t h e y  c o u l d  be p l a s m o l y s e d ) .  

H u m i c  acid ,  l a b e l l e d  w i t h  C 14 was  d i s t r i b u t e d  in  t h e  s a m e  w a y  in  s ter i le  a n d  
in non - s t e r i l e  p l a n t  c u l t u r e s ,  m a i n l y  t h r o u g h  v a s c u l a r  bund le s .  

I n t r o d u c t i o n  

It  is not easy to investigate the penetration of different compounds into the cell; the investiga- 
tion of the permeability of such chemically undefined compounds as humie acids or of other 
humic fractions is still more difficult. We do not possess a specific reagent for demonstrating 
their penetration. We can, nevertheless, use different methods to observe this at least partially. 

* Address:  ViniSng~ 5, Praha 2. 

279 



280 s. PR~T 

Material, Methods and Results 

I t  was  no t  possible to demons t ra te  the pene t ra t ion  of humic acids t h rough  the t issue mem-  
brane  in the  liquid above the m em brane  by  the modified method  of BRooxs  (Pg.~T 1960). Since 
we find it difficult to  use such a simple me thod  for t racing the permeabi l i ty  of humic  acid t h r ough  
p lan t  t issues in water ,  there is even less chance of observing t h e m  in the  p lan t  cell itself. 

]:Iumie acids are coagulated in acid medium;  it was, therefore, promis ing to use p lan ts  wi th  
a very acid reaction for such exper iments  ( though humic  acids are soluble in some organic acids). 
But  th is  was of no use. The acid react ion of the tissue and perhaps  also the relatively high 
a m o u n t  of calcium are perhaps  the  reason why so little of the humic acid penet ra tes  into the  
cell, so t h a t  there  is no perceptible coagulat ion (Begonia, Bryophyllum, Pelargonium). 

E v e n  in the big internodial  cells of Nitella, cult ivated for a shorter  or longer t ime in different 
concent ra t ions  of humie acid, there was  no perceptible humic acid in the cell sap. 

Expe r imen t s  wi th  radioactive humic  and fulvic acids have shown tha t  active compounds  
are t aken  up  f rom the nu t r i en t  solution by  maize roots.  They diffuse in their  roots  very  slowly. 
They  app3ar  in the leaves after  several days  in very low concentrat ion,  bo th  in the  exper iments  
wi th  humic  acids and with fulvic acids. The resorpt ion by  the leaves was  very  slow or imper-  
ceptible (PRs and  POSPI~IL 1959, P I~T  1960). 

These exper iments  were repeated wi th  p lan ts  in sterile cultures wi th  the same resul t  as 
under  non-sterile conditions. Radioact ive compounds  t hus  also show the permeabi l i ty  of humio 
acids in cul tures wi thou t  bacteria (Polytrichum commune, Dicksonia antarctica, Asplenium septen- 
trionale, Dryopteris filix-mas, Lycopersieum esculentum, Cucurbita pepo, Cattleya). We m a y  
thus  suppose  t h a t  humic  and fulvic acids are no t  dis integrated by  bacter ia  before pene t ra t ing  
into the  cell. 

We were h i ther to  no t  able to demons t ra te  the act ivi ty  in t issues of the  callus (explantates)  
of the carrot ,  b u t  we have found it in toma to  roots.  Root  segments  f rom explan ta tes  of Lyee- 
persicum esculentum cult. immun. ,  p repared  in sterile cultures by  Dr. E. PETn6 T (Inst .  of Experi -  
ment .  B o t a n y  CSAV), were cul t ivated for 10--20 days  in a solution wi th  added radioactive 
humic  acid. Mr. L. BENE~ (Biophysical inst. CSAV), has  prepared microau torad iograms  of the 
slides. They  showed active granules inside the root  cells. 

All these exper iments  only show how radioactive carbon spreads. They  cannot  give any  in- 
fo rmat ion  about  the form (molecule) where  it is bound  during t ranspor t .  I t  is t h u s  necessary 
to follow the  molecules of humic  acid itself. 

I n  all these exper iments  the commercial  p repara t ion  "Humuss~iure Riedel de H a e n  Selze 
H a n n o v e r "  was  used. I t s  solution flocculated tota l ly  when  HC1 or H2SO 4 were added; it follows 
tha t  it did no t  contain  any  fulvic acid. I t  contained,  however,  a relatively high a m o u n t  of 
hymatomelan ic  acid. 

Humic  acid has  an  advantage  : its colour is a dark  b rown and its solut ions are likewise dark  
brownish.  I t  is t h u s  possible to follow this colouring directly wi thout  any  react ion at  all, the  
only condit iou being the u s e  of high concentrat ions.  I f  o ther  condit ions are favourable ,  there 
is no danger  of any  damage to the  cells. There are several repor ts  in the  l i terature  abou t  
damage  to p lan ts  caused by  higher concentra t ions  of h u m o u s  compounds ;  several instances 
could be cited. Bu t  it seems t h a t  somet imes  o ther  conditions, such as too high an acidity or 
alkalinity or  the  composit ion of the  nu t r i en t  solution, are responsible. 

The solution of po tass ium h u m a t e  in distilled water  is no t  poisonous even in high concentra-  
tions. Under  favourable  condit ions (pH between 5---7) a good prepara t ion  of humic  acid m a y  
be used in concentra t ions  as high as 1000 rag./1. The normal  format ion  of advent i t ious  roots,  
b u t  sl ightly re tarded if compared  wi th  the control  in pure  water  or a lmost  the same, shows 
t h a t  the p lan ts  are by  no means  damaged by this  high concentra t ion (Coleus hybridus, Trades- 
cantia zebrina, T. fulminensis, Impatiens sultani, Pelargonium zonale, Cucurbita pepo, Bryo- 
phyllum erenatum). Root ing cut t ings  showed no difference f rom the control. 

The permeabi l i ty  is observed for a far shor ter  t ime t h a n  is necessary for the  fo rmat ion  of 
the roots.  We m a y  thus  take the  cells as qui te  normal  and  use the dark colour of  the humic  
acids as a control  of their  pene t ra t ion  into the plant .  I f  we dip .cut  branches  of different p lan ts  
into the  solution, the solution penet ra tes  into the conductive t issues where dark b rown  coagula- 
t ion occurs. I f  we dip the  cut pa r t  of branches  of different p lan ts  in the solution, in a few hours  
or days  they  show traces of humic acid in the vascular  bundles,  especially in vessels. I n  vessels 
dark  b rown  coagulat ion is formed, filling near ly  all their  lumen. React ions in different p lan t  
species or individuals  were different; in Pelargonium the  vascular  bundles  were stained in two 
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days  to a height  of 1--3  cm, in Impatiens abou t  twice as much,  in Coleus 2- -6  era. B u t  the  
colouring did .not reach fur ther  or only very  little even after  a week or more.  I n  all cases it is 
necessary to compare  the  tes ted p lan t  wi th  the control  in water ;  there  arc cases where  the  vessels 
get a b rownish  colouring even in wate r  (usually in Pelargonium), bu t  such a colouring is not  
intense and does no t  exceed a very  na r row str ip at  the base. I n  huma te s  very intense s taining 
m a y  be observed up  to 1- -2  cm. in height  dur ing 24 hours .  The cell wall of p a r e n c h y m a t o u s  
cells gets a b rown  colour only 3 - -5  layers  f rom the  cut  surface. I f  the s taining continues fur ther ,  
cell walls round  intercellular spaces are coloured. 

The coagulat ion of humic  acid is s t r iking in vascular  bundles,  especially in vessels of different 
plants:  Pelargonium zonale, Coleus hybridus, Tradescantia fluminensis, T. purpusi, Impatiens 
sultani. I n  Cucurbita, Brassiea napus v. chinensis there  is a less dist inct  reaction. A very good 
and  dist inct  react ion was  observed in the  big vessels of Bryophyllum crenatum. 

I n  cut  roots  we can t race  the spreading of  the  coagulat ion in vascular  bundles  f rom bo th  
sides, if we either dip only the  root  slice in the  glass wi th  the  humate ,  or place the cut  root  so 
t ha t  the  cut pa r t  is s i tua ted  1 ram. below the level of  the  solution. I n  the controls wi th  wate r  
the brownish  colouring of the  cut  vessels is first perceptible only af ter  12 hours  and only on the  
surface. Dur ing  this t ime the colouring of. the vascular  bundles in humic  acid reached 1--3  ram. 
and was  very intense; dur ing the  nex t  few days  it cont inued to the  distance of 1--2  cm. 

Very good results  m a y  be obta ined wi th  cut  roots  of sugar  beet, less good is the  upper  pa r t  
of  the root  at  the junct ion  wi th  the stem. Cutt ings of sugar  beet  roots,  dipped in a 100O rag./1. 
solution of  po tas ium humate ,  show dark b rown  staining in the  cut  vascular  bundles  already 
after  one hour.  

I t  is necessary to work  as far  as possible under  sterile conditions, as an  infection m a y  cause 
an intense colouring of the vessels and cells of the sur rounding tissues even in the controls. 

Less good were the red beet Beta vulgaris rubra and the carrot  Daueus earota. I n  the  roots  
of Seorzouera hispanica the vessels of the cut roots  were not  s tained fur ther  t h a n  1 cm. even 
after  five months .  

I t  is significant t ha t  the  humic  acid spreads in cut, open vessels only; it does no t  penet ra te  
into the  vessels t h rough  the  ba rk  tissues, not  even when  the epidermis was  removed and  the  
ba rk  cells were in direct contact  wi th  the solution (Pelargonium, Coleus, Impatiens). Even  when  
the solution of the humic  acid was  injected into the hollow stern or petiole (Cucurbita maxima), 
it did no t  penet ra te  into the vessels, b u t  a small  wound  is sufficient and the b rown coagulat ions 
appear  in vessels. I f  leaves are broken  or cut,  the vascular  bundles  are s tained in a basipetal  
direction on the same or even longer distance th rough  the leaf scar t han  th rough  the cut  basic 
pa r t  of the stem. 

The solution of humic acid can be poured in the hollow of a cut  s tem-internodium.  The bes t  
mater ia l  for this  exper iment  is Solanum tuberosum. But  even in th is  case no penetra t ion of 
the  humic  acid th rough  the u n d a m a g e d  pa renchyma  of the vascular  bundle  could be observed 
wi th  certainty.  I f  scarified, the  vessels showed distinct  intense coagulat ions of humic  acid. 

For  the t ime being we are no t  able to say any th ing  definite about  the na tu re  of the coagulated 
mater ia l  in the vessels. I t  is probable  t h a t  it is no t  simple coagulation, since the  mater ia l  dissolves 
only slowly and wi th  difficulty in hydroxide and  in chloralhydrate.  I t  might  be some result  of  
oxidat ion and polymerisat ion,  bu t  we have  hi ther to  no exper imenta l  evidence for this. I t  is 
wor th  ment ioning  tha t  coagulat ions usual ly  originate in young,  nar rower  vessels, no t  in the 
widest  ones. 

The results in a series of exper iments  where the solution of humic  acid was  poured into a pit  
in a p i th  were similar. I n  apple (Pirus malus) a yellow b rown coloration of cell walls of several 
surface layers of cells was  observed. Vascular  bundles  were indistinct,  b u t  cell walls of the pro- 
t rac ted  cells sur rounding  the bundles  were s tained yellow-brown. 

I n  bulbs  of Brassica oleracea gongylodes brown colouring was  found on cell walls of one or 
two cell layers in the cut place, bu t  i rregular  yel low-brown coloration was  observed up  to the 
fifth or t en th  layer a round  the intercellular spaces. Cells, sur rounding  vessels, bu t  no t  the actual  
vessels were intensely brown.  

I n  some cases mer is temisa t ion  was  observed under  cells wi th  brownish  coloured cell wal~. 
I n  Brassica and red beet (Beta vulgaris rubra) below one or two layers of b rown  cells several 
layers of th in  fiat cells wi th  entirely uns ta ined  walls were observed. I t  is difficult to  tell whe ther  
it is a layer separa t ing  the  dying surface cell layers or the result  of the  s t imula t ing  effect of 
humic acids. The first possibil i ty is more  probable  judging f rom the  exper iments  on the  funct ion 
of  humic  acids in regenerat ion (P~AT 1962). 
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I n  some  p l a n t s  d i s t inc t ly  yel low or b r o w n  s t a i n i ng  o f  cell wal ls  was  obse rved  even  in cells 
still  l iving,  where  p l a smolys i s  could  t a k e  place,  as  in Beta vulgaris rubra. 

The  a n t h o c y a n s  do n o t  pe rcep t ib ly  reac t  w i t h  h u m i c  acid; we could  t h u s  t r ace  no c h a n g e s  
in cells whose  walls  were i m p r e g n a t e d  w i t h  h u m l c  acid in Beta vulgaris rubra, Begonia rex or  
Begonia crassicaulis. B u t  t he  presence  o f  a n t h o c y a n s  he lps  t he  obse rva t i on  of  p l a smolys i s  (by 
0.5 N saecharose) .  Th i s  shows  t h a t  e v e n  cells w i t h  v e r y  i n t ense ly  coloured wal ls  were l iving.  

F luorescence  was  of  n o t  m u c h  use  in these  expe r imen t s .  B u t  i t  is w o r t h  m e n t i o n i n g  t h a t  
a f t e r  t h e  zone  of  yel lowish coloured,  non- f luo rescen t  cells, t h r ee  or four  cell l aye r s  were  o f t en  
obse rved  showing  a d i s t inc t  ye l low-greenish  f luorescence.  I t  s eems  t h a t  some  f rac t ion ,  spl i t  as  
in a k i n d  o f  c h r o m a t o g r a p h y ,  p e n e t r a t e s  in to  t h e  t i ssue .  No  be t t e r  resu l t s  were ob t a ined  e v e n  
in  c o m b i n a t i o n  w i th  acr id ine  orange .  

Discussion 

Experiments with radioactive humic acid have shown that  it penetrates into 
plants very slowly. This experience as well as the fact that  the results in sterile 
cultures are similar show that  whole molecules are spreading. Even if we sup- 
pose that  the big molecule is split, these experiments provide information 
about  the maximum speed possible for the spreading of active carbon com- 
pounds. I t  is important that  even in roots the speed of the active compounds is 
low. The velocity in stems and leaves is a few centimeters distance in several 
days. This is surprisingly low compared with other organic compounds; 
the rate of movement of C 14- labelled photosynthetic products varies from 40 to 
120 cm/hr (KuRsANov 1961). Saecharose produced by  photosynthesis spreads 
to a distance of 96 cm. in an hour (see NELSON 1962). Minimum velocity 
exceeding 2 cm. per sec. fully deserves the term "rapid translocation" (NELSON, 
P E R K I N S ,  G O R H A M  ( 1 9 5 8 ) ;  S H I R O Y A ,  N E L S O N ,  K/ROTKOV 1962). The velocity of 
spread of the radioactivity or brown colouring of the humic acid is far lower 
than that.  

The penetration of the commercial preparation of humic acid in vascular 
bundles of cuttings was very slow too, different in different plants, about  
1--2 cm. a day, 1--6 cm. a week. I t  may be that  the velocity of penetration 
was lowered by  the coagulation in vessels. 

All the experiments clearly show the significance of the conductive tissues, 
especially of vessels for the penetration of humic acids. The same was found 
for the penetration of virus bodies, but  the velocity of virus spread is much 
higher (see M I T C I t E L ,  S C H N E I D E R ,  C~AUCIt 1960). I t  is hardly possible to 
compare these experiments because the concentration of the humic acid must  
be very high before we can trace it in vessels. But  even the experiments with 
radioactive humic acid of very low concetration show that  it spreads in plants 
very slowly. 

In this connection the experiments of SLADKY (1959), showing the influence 
of the sprinkling of leaves on the development of root system are of some 
interest. One would suppose that  humic and fulvic acids can diffuse a long 
distance. But  it is possible that  humic acids penetrate into the leaf tissues only 
and that  the roots only get the products of the changed metabolism of the leaves, 
which influence their growth. Such problems call for methods permitting the 
investigation of even low concentrations of humie acids in different tissues. 
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I I e p M e a 6 H : I H T e T  ryMyCOBbIX ICHCXiOT 

B c o c y ~ u  OTpe3aHnHX BeTO~r paaHhtX pacTeHHfi, ony~i~eHHHX HoBepxHocTb~O cpe3a  B pac -  
TSop ryMycOnOH KHC:IOT~ npoHgKaeT KopHqHero oHpameHHLIfi pacTnop  ~ HoaryJ]HpyeTca 
B RHX. B TeqeHHe He~e:iH cocy~HCTbm n y q n H  o~pacH:IHC~ Ha nbmoTy 1 - - 6  CM. B n a p e n -  
XHMaTHqectgHX K:IeTKaX He BO3MOH(HO np~MO yCTaHOBHTb ryMyCOBy~O KHC:IOTy; o~IHaI~o, 
H K:IeTKH C H~e:ITO HJIH I~opHqIIeBaTO oKpameHHofi  o6o:io~Kofi aB:i~KrrcH ~HB~MH (oS~a~IamT 
CBOfiCTBO~ n:ia3Mo:iH3a). 

FymycoBa~  I~HC:IOTa MeqeHHaa aKTHBHhIM yr : i epo) Iou  C i 4  pacnpocTpau~eTcH B pacTe- 
HHTKX B O6~i1eM O~HHaKoBLIM o6pa3oM B cTepH~LH~X ~ HecTepH:I~H~X ~y : i~Typax ,  OnaT~ 
n p e H ~ e  BCerO cocy~HCThIMH nyqKaMH. 


