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Souhrn  

Charakter is t ick:~m r y s e m  pf isobeni  h u m i n o v ~ e h  kyse l in  n a  rfist  ros t l in  je 
s t imu lace  prodlus  ko~enfi, vysv~t lovanA n 6 k d y  aux ino idn i  p o v a h o u  t6eh to  
1Atek. 

A u t o r  provg~fl t en t o  p~edpoklad t e s t e m  n a  od~ezcich koleopti le  p~enice a hypo-  
k o t y l u  lnu .  Rf is t  od~ezkfi obou  typf i  se v roz toclch  h u m A t u  drase lngho o koneen-  
t rac i  10 -1 a~ 10 -7 g/1 ve  srovnAnl  s k o n t r o l n i m  r f i s tem ve vod6 nezm6ni l .  

DAle by l a  s tudovAna  in te rakce  h m n i n o v ~ c h  kyse l in  s a u x i n y .  Prf ib6h rf is tov6 
k~ivky  od~ezku do koncen t rae i  a u x i n u  ko l em 20 rag/1 (len) nebo  50 rag/1 (p~enice) 
p~ i tomnos t  h u m A t u  v t e s t o v a n 6 m  roz t oku  v koncen t rac i  10 -1 g/1 nem~ni la .  P~i 
v y ~ i c h  koncen t r ac i ch  a u x i n u  by l  rfist  od~ezkfi v roztocich aux in -humi~t  pod-  
s t a t n6  v y ~ i  ne~ v roz toku  s a m o t n 6 h o  a u x i n u .  E fek t  se sni~oval  se s toupa j ic i  
koncen t rac l  a u x i n u  (kysel ina  fl- indolyloetovA a cr 

A u x i n o i d n i  c h a r a k t e r  ve  vod~ rozpustnj~ch soli huminov:~ch  kyse l in  an i  kom-  
pe t i t i vn i  an t a gon i s rnus  ve  s m y s l u  koncepce  a n t i a u x i n u  neby l  prokAzAn. 

Summary 

A characteristic feature of the effects of humic acids on plant growth is 
the stimulation of growth in length of the roots. This is sometimes explained 
as being due to the auxinoid nature of the acids. 

The author has examined this assumption by  testing segments of wheat 
eoleoptiles and of flax hypocotyls. The growth of segments of both types 
remained unchanged in solutions of potassium humate in concentrations of 
10 -1 to 10 -v g./1. as compared with the controls in water. 
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A study was also made of the interaction of humic acids with auxins. The 
growth curves of segments in concentrations of auxin up to about 20 mg./1. 
(flax) or 50 rag./1. (wheat) were not altered by the presence of a 10 1 g.fl. 
concentration of humate in the test solution. With higher concentrations of 
auxin the growth of the segments in auxin-humate solutions was considerably 
greater than in solutions containing auxin alone. The effect decreased with 
rising concentrations of auxins (fl-indoleacetie acid and ~-naphthylacetic acid). 

The auxinoid character of salts of humic acids in water solution was not 
established, nor was there any confirmation of competitive antagonism in 
the sense of the antiauxin conception. 

Introduction 

The favourable effect of humus substances on plant growth has been known 
for a long time. Root growth is most strongly influenced, the overground parts 
to a lesser extent. In spite of the fact that  considerable efforts have been 
made to throw some light on the nature of the effects produced by these 
substances, we have as yet  no satisfactory explanation of the mechanism of 
their action. A number of theories have been advanced, but they have not 
yet  been adequately tested by experiment and are, indeed, often in conflict 
with facts obtained during the examination of other problems of growth. 

However, it would seem that  closer attention should be paid to those 
opinions which regard humus substances as being growth substances. This 
assumption is already to be found in BOTTO~LEY'S work (1917, 1920). This 
author considered tha t  the active components of humus substances are 
auximones, i.e. compounds presumably related to the later-discovered auxins. 
Essentially the same point of view was later held by other authors (BASSALIK 
a n d  NE~GEBAUER 1933, KUTHY a n d  PECZNIK 1941, CHAMINADE a n d  BOUCHER 
1955). Compounds similar to auxins were found in peat, water extracts of 
which also have a favourable effect on plants. Recently, FLAIG and BREYHAN 
(1956) have identified indole derivatives in the hydrolysate of humic acids 
from chernozem. However, we still have no convincing proof of the auxinoid 
character of humus substances, because they have not been examined by 
means of the tests commonly used for determination of the activity of growth 
substances. Only PASZEWSKI, TROJAI~OWSKI and LOBARZEWSKI (1957) have 
tested the chromatographically separated components of the alcoholic frac- 
tion of humus with positive results on wheat coleoptiles; this fraction as 
a whole was, however, inactive. 

Further, the question of the stimulation of root growth by auxins is still 
doubtful. In view of this it would be more justified to compare humus sub- 
stances to antiauxins, one property of which is their favourable effect on root 
growth. 

Experimental investigation of these two assumptions is the aim of the 
present work. 
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Material and Methods 

The act ivi ty of humic acids and their  interaction wi th  auxins  was determined using segments  
of  etiolated wheat  coleoptiles and flax hypocotyls .  

The test  on wheat  eoleoptiles was carried out  in the normal  way. Following 24 hours '  swelling 
in water ,  whea t  grains (Triticum vulgaris L. var. Py~elka) were grown in the dark in damp 
lime-tree sawdust .  Segments of 10 ram. in length v/ere cut off from coleoptiles of similar length 
(20 to 40 ram. according to the experiment) .  The first incision was made 2 mm.  below the tip 
of the coleoptile. Equa l i ty  of length of the segments  was ensured by  cut t ing nine at  a t ime 
wi th  a knife composed of two razor blades fixed at a distance of 10 mm.  f rom each other  (BENTLEY 
and I~OUSLEY 1954). Twenty-five to th i r ty  segments  were tested for 12 to 36 hours  in 25 ml. 
solution in Petri  dishes. The leaves of the segments  were no t  removed and they floated freely 
in the solution. The number  of segments  in a dish was established according to the course of  
Fig. 1 in such a way  tha t  the variabil i ty of their  g rowth  was eliminated. Following the test,  
the segments  were slightly curved, which made direct microscopic measurement  of their  length 
very difficult and inaccurate. The outlines of the segments  were, therefore, projected on to 
photographic  paper  wi th  a 3"5 enlargement.  After development  the lengths were measured  by  
means  of  a flexible rule with an accuracy of 0.5 ram. 
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Fig. 2. DeFendenee of  s t andard  error of aver- 
age length of flax hypocotyl  segments  on 
numbe r  of individuals in set. 10 ram. seg- 
ments ,  24 hours  at  24 ~ C. 0 - - 0  segments in 
distilled water  (av. length 12--13 sections); 
A - - &  segments  in a-naphtylacet ic  acid sol- 
u t ion 50 rag./1. (av. length 14--15 sections). 

15 25 3 3  , 5~ ~ 8 2  Ordinate:  s t andard  error  of average of  sec- 
tions. Abscissa: n u m b e r  of  individua]s in set. 

Fig. 1. Dependence of magni tude  of  s t andard  error of average length of coleoptile segments  
on n u m b e r  of inividuals in set. Ordinate:  i~tandard error of average, in ram. gain in 24 hours.  
Average g rowth  increase of segments  in water  = 1.50-- . I~0 ram./24 hours .  Abscissa: n u m b e r  
of  individuals in given set. 
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Tes t  wi th  flax hypoco ty l s  (Linum usitatissimum.t var .  Viera),  F l ax  roots  are su i tab le  as 
ma te r i a l  for t e s t i ng  g r o w t h  subs t ances  (ABERG 1950). I t  was  found  in our  e x p e r i m e n t s  t h a t  
s e g m e n t s  of  e t io la ted  hypoco t y l s  also reac t  to t he  presence of  aux in s  in t he  t e s t  solut ion.  The  
m e t h o d  of  cu l t i va t ion  ha s  been  descr ibed b y  ABERG (1950). The  period was pro longed  to 36 to 
40 hours .  A t  t he  end  o f  th i s  period the  hypoco ty l s  m e a s u r e  15--.~0 ram.  H y p o c o t y l s  of  equa l  
l eng ths  o f  20 - -25  ram.  are selected and  the i r  t ips  are r e m o v e d  a b o u t  2 ram.  below the  bend.  
A s e g m e n t  m e a s u r i n g  10 ram.  is t h e n  cu t  off f rom the  r ema in ing  pa r t  as in t he  case of  the  
coleoptiles. The  fu r the r  p rocedure  was s imilar  to t h a t  for the  tes t  u s ing  coleptiles.  Fig. 2 shows  
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Fig.  3. Growth  (24 hours ,  24 ~ C) of  w h e a t  
coleoptile ( & - - ~ )  a n d  flax h y p o c o t y l  
( Q - - O )  s e g m e n t s  in ~- indoleacet ic  acid. 
Ord ina te :  l eng th  as  pe rcen tage  of  control  

length .  Abscissa :  auxin/1. 
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Fig.  4. Growth  (24 hours ,  24 ~ C) of  whea t  
coleoptile ( � 9 1 4 9  a n d  flax hypoco ty l  
(@--@) in fi-indoleacetie acid. Ord ina te :  
ga in  in l eng th  as percen tage  of  control  

gain.  Abscissa :  mg.  auxin/1. 
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t h a t  25 to 30 s e g m e n t s  in 25 ml .  o f  so lu t ion  are neces sa ry  for one e x p e r i m e n t a l  va r i an t .  The  
period of  t he  t e s t  was  24 hours .  M e a s u r e m e n t  o f  t he  s e g m e n t s  was  carr ied ou t  in a different  
way.  Af ter  d e v e l o p m e n t  o f  the  e n l a r g e m e n t  of  t he  out l ines  on  pho tog raph i c  paper ,  l eng ths  
were m e a s u r e d  by  m e a n s  of  sect ions  m a r k e d  a long one side of  t he  pho tog raph ic  ou t l ines  w i th  
a smal l  cog-wheel .  One sec t ion  cor responds  to 1.11 ram.  ac tua l  l eng th .  

Growth  o f  t he  p l an t s  a n d  of  the  s e g m e n t s  was carr ied ou t  in b o t h  cases  in the  da rk  a t  a t em-  
pe ra tu re  o f  24 ~ C. T he  s e g m e n t s  were cu t  in o range  l igh t  (photo-bulb  A G F A - O R A N G E ) .  

The  g r o w t h  curve  ob ta ined  for t he  hypoco t y l  s e g m e n t s  follows t he  s ame  course  as t h a t  for 
coleoptile s egmen t s .  I f  the  effect of/~-indoleacetic  acid is expressed  as a pe rcen tage  of  the  l eng ths  
of  control  s e g m e n t s  in dist i l led water ,  t he  s e g m e n t s  o f  flax hypoeo ty l s  show a sens i t i v i ty  in 
the i r  r eac t ion  to a u x i n s  of  up  to one-ha l f  less t h a n  the  coleoptile s egmen t s .  (Fig. 3.) The  increase  
in l eng th  of  the  s e g m e n t s  expressed  as a pe rcen tage  o f  t he  increase  of  t he  cont ro l  in wa te r  are, 
however ,  a lways  h igher  for f lax hypoco ty l s  (Fig. 4). Th i s  is m a i n l y  due  to t he  s l ight  g rowth  
of  t he  control  hypoe o t y l  s egmen t s ,  wh ich  show a m a x i m u m  increase o f  8 to 10% of  the i r  or iginal  
l eng th  a f te r  24 hours .  The  first  p rocedure  is more  f r equen t l y  used  and  therefore  t he  fu r t he r  
resu l t s  have  been  dea l t  w i th  in t h a t  way.  

P r epa ra t i on  a n d  app l i ca t ion  of  h u m u s  acids.  Two k inds  o f  basic  ma t e r i a l  were employed :  

1. Trade  p repa ra t i on  Humuss~iure ,  m a n u f a c t u r e d  b y  Riedel-I-Iagn, H a n n o v e r .  

2. H u m i c  acid f rac t ion  o f  o x y h u m o l i t e  f r om the  mine  Osvobozeni  a t  l~etenicich~ s o u t h - w e s t  
Bohemia .  

The  h u m i c  acid f rac t ion  was  p repa red  as follows: 500 g. o f  o x y h u m o l i t e  was  e x t r a c t e d  for 
45 rain.  a t  r oom t e m p e r a t u r e  w i t h  2500 ml .  of  0.1 N K O H  wi th  occas ional  shak ing .  The  in- 
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soluble  m a t t e r  was  r e m o v e d  b y  f i l t r a t ion  t h r o u g h  glass  wool  and  200 ml. of  concen t r a t ed  I-ICL 
was  a d d e d  to  the  f i l t ra te .  Af t e r  cent r i fuging ,  the  coagu la te  was  washed  w i t h  d i s t i l l ed  wager  
un t i l  ions of CI" had  been r e m o v e d  a nd  was  t h e n  dr ied  a t  r educed  pressure  a t  30 to  40 ~ C. 

The f r ac t ion  and  t he  H u m u s s ~ u r e  p r e p a r a t i o n  b o t h  con t a i n  cons iderable  a m o u n t s  of sub- 
s t ances  wh ich  are  soluble  in e thanol .  B o t h  p r e pa r a t i ons  were conver t ed  to p o t a s s i u m  sa l t s  b y  
so lu t ion  in  0.1 N K O t t ,  d ia lys i s  w i t h  d i s t i l l ed  w a t e r  and  e v a p o r a t i o n  a t  r educed  pressure  a t  
30 to  40 ~ C. These sa l t s  arc su i t ab le  for a pp l i c a t i on  in  b o t h  t e s t s  as t h e y  are v e r y  r ead i l y  soluble  
in wate r .  T h e y  will  be referred to as K - h u m a t e  Ox (from Osvobozeni)  and  K - h u m a t e  1~ (from 
Humuss~ure ) .  

A u x i n s  used:  f i - indoleacet ic  ac id  (Merck) a n d  a - n a p h t h y l a c e t i c  acid (Lachema,  Brno).  The 
t e s t  so lu t ions  were p r e p a r e d  b y  d i s so lv ing  the  subs t ances  in  red i s t i l l ed  wate r .  The p H  va lues  
of the  so lu t ions  d id  no t  differ f rom one ano the r  a nd  r a n g e d  be tween  5.0 to  5.2 before and  a f t e r  
t he  tes t .  The w a t e r  con t ro l  h a d  the  same  va lue .  

Results 

Segments from coleoptiles of different lengths were tested in solutions of 
both K-humates. The concentrations used were those which according to 
published results have a positive effect on growth in root length. Several 
repetitions of the experiments were made and in addition the growth of the 
segments was measured at intervals of 12, 24 and 36 hours. The results given 
in the tables were worked out by  analysis of variance. The values of the 
F-test  for the factors involved in the experiment arc appended. 

Tables 1, 2 and 3 give the growth of coleoptiles. For greater clarity a value C 
is also given, i.e. the length of segments of the different variants as a percent- 
age of length of control segments. Neither of the humates affected the growth 
of the segments, for in no case were the differences, amounting to 5 to 6 % 
of the control length, significant. The growth of flax hypocotyl segments 
also remained unchanged by the application of humates (Table 4). 

Table  I. Growth  of  w h e a t  coleopt i le  s egmen t s  in  K - h u m a t e  solut ions.  10 mm.  segmen t s  f rom 
2 0 - - 2 5  ram. coleopti les.  Pe r iod  of t e s t  12- -36  hours .  Values  in mm.  : a c t u a l  l eng th  

x 3 ' 5 . C  = % cont ro l  

K - h u m a t e  

Contro l  

10 -5 g./1. Ox 
R 

10 -a  g./1. Ox 
R 

10 -1 g./1. Ox 
R 

12 hours  

m m .  

41.33 

40'03 
41.00 
40"03 
39"40 
42"57 
39-84 

C 

100'0 

96"8 
99"2 
96'8 
95"3 

103.0 
96"3 

24 hours  

m m .  

57.88 100.0 

103.4 
101.8 

98.1 
98.2 

105.9 
102.8 

m l T l .  

62-57 

63.92 

63-00 

62.94 

59.88 
58.86 
56.79 
56.85 
61.30 
59"52 

36 hours  

100.0 

102.1 

100.6 

100.5 

Ana lys i s  of  va r i ance :  Ox for concen t r a t i on  F ~ 1.44 P > 0.05 
for hours  F ~ 205.28 P ~ 0.01 
1% for c o n c e n t r a t i o n  F ~ 2.20 P > 0.05 
hours  F ~ 416.17 P ~ 0.01 
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Table  2. Growth  of w h e a t  coleopt i le  s egmen t s  in  K - h u m a t e  so lu t ion  Ox 10-  i g./1. 10 mm.  s e g m e n t s  
f rom 30 - -35  mm.  coleopti les.  Pe r iod  of t e s t  12- -36  hours .  Values  expressed  as in  Table  1 

Control  

I0  -1 g./1. 

12 hours  

mm.  C 

39-00 100"0 

39-50 101-2 

15 hours  

m I n .  C 

50.82 100-0 

48.25 94-1 

24 hours  

mm.  C 

60-14 100.0 

57-46 95-5 

36 hours  

rnm. C 

58'48 10O'0 

58'70 102"3 

Ana lys i s  of va r i ance :  for c o n c e n t r a t i o n  F = 4.20 P > 0.05 
for hours  F = 176.19 P < 0.01 

Table  3. Growth  of w h e a t  eoleopt i le  segment s  in  K - h u m a t e  so lu t ion  Ox 10 -1 g./1. 10mm. s e g m e n t s  
f rom 4 0 - - 4 5  mm.  coleopti les .  Per iod  of  t e s t  12- -36  hours .  Values  expres sed  as in  Table  1 

Control  

10 -1 g./1. 

_ 12 hours  

m m .  I C 

47.45 100.0 

46-52 98.0 

24 hours  

m m ,  

58.65 

61-36 

mm.  C 

61.60 100.0 

61.70 100.1 

36 hours  

100.0 

104-6 

Ana lys i s  of va r i ance :  for concen t r a t i on  F = 1 P > 0-05 
for hours  F = 8'95 P < 0-05 

Table  4. Growth  of f lax h y p o c o t y l  segment s  in  K - h u m a t e  so lu t ions  of  v a r y i n g  concen t ra t ion .  
10 ram. segment s  f rom 20 - -25  ram. hypoco ty l s .  Per iod  of t e s t  24 hours .  Values  in sect ions  = 

= a c t u a l  l eng th  x 1.11. C ~ % of con t ro l  

Control  

10 -~ g./1. 
10 .5 g./1. 
10 - a  g . / l .  
10 -1 g./1. 

K - h u m a t e  Ox K - h u m a t e  1% 

Average  
C Sections Sect ions C Sect ions  Average  

Sect ions 

11.88 11.88 11.88 

12.00 11.81 11-90 
11-88 11.96 11.92 
11.69 11.71 11.70 
12.00 11.73 11.86 
E x p .  27A, 

27B 

100-0 

100.1 
100.3 

98-4 
98-8 

12"26 11"87 11-87 

12-50 11.68 11.86 
12.53 11.70 12.07 
12.21 11.69 12-11 
12-50 11.85 12.17 

4 28A 28B 

12.00 

12.01 
12.01 
12.00 
12.17 

100.0 

lOO.O 
100"0 
100.0 
101"4 

Ana lys i s  of va r i ance :  for c o n c e n t r a t i o n  F = 1.2 P > 0.05 

In  the following exper iments  in terac t ion  be tween h u m a te  and the  two 
auxins was followed. The  huma te  concent ra t ion  was cons tant  in all experi-  
ments ,  while the auxin  concent ra t ion  changed. There  resul ted concent ra t ion  
curves for fi-indoleacetie acid or a-naphtylacet ic  acid alone or mixed wi th  
h u m a t e  at  a concent ra t ion  of 10 -1 g./1. The  values en tered  on  the  graph are 
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the averages of at least three experiments and for each variant, as in the 
previous experiments, 25 to 30 segments were allowed for. Each average, 
therefore, represents the growth of approximately 70 to 90 segments. 

Fig. 5 and 6 give results for coleoptiles. While at lower auxin concentra- 
tions in the mixture the humates showed no influence, at concentrations 

% 
150 

140 

130 

"120 

l fO 

~o;5,,0~,5 3,b 5,'0 ~o,o MOlL 

Fig. 5. Growth  o f  whea t  coleoptile s e g m e n t s  in fl-in. 
doleaeet ic  acid ( 0 - - 0 )  a n d  in th is  so lu t ion  wi th  
K - h u m a t e  Ox l0  -1 g./1. ( A - - A )  a n d  R 10 -1 g./1. 
( m - - B ) .  10 ram.  s egmen t s  f rom 29 to 25 rnm. 
coleoptiles.  Per iod  of  t e s t  24 hou r s  a t  24 ~ C. Ordin- 
a te :  % of  l eng th  o f  control .  Absc issa :  a u x i n  co r -  

c en t r a t i on  in rag./1. 

% 
156 

140 

130 

?2D 

If0 

,o is s0 is ,b0 .c/L 

Fig.  6. Growth  o f  whea t  co]eoptile seg- 
m e n t s  in/~-indoleacot ic  ~cid ( I - - Q )  a n d  
in th is  solut ion wi th  K - h u m a t ~  Ox  10 -1 
g./1. ( ~ - - A )  and  R 10 -1 g./1. ( m - - ~ ) .  

See Pig. 5. 

above 50 rag./1, auxin activity was Mtered. The effect of the hnmate was 
evident in more intense growth of segments in the solution of the two sub- 
stances. Differences were significant at concentrations over 75 mg./1, of the 
test auxin, i.e. fl-indoleacetic ac{d. No difference was found between the 
effects of the two humates. 

Humate was tested on hypocotyl segments with fl-indoleacetic acid and 
a-naphtylacetic acid. Both auxins exhibit a typical effect on the growth of 
the segments, a-naphtylacetie acid is somewhat less active at lower con- 
centrations; at concentrations over 30 to 40 mg./1, growth in this solution 
is also lower than in fl-indoleacetic acid solutions of equal concentration 
(Fig. 7 and 9). The effect of the humate does not differ from tha t  in the 
experiments with coleoptfles. Low auxin concentrations, in this case about 
20 to 25 mg./1., are not affected by either of the humates, while the effect 
in supra-optimal concentrations is again decreased. (Fig. 8. and 10). Differ- 
ences in growth are, however, somewhat greater than in the experiment 
with coleoptile segments. 

Reduction in auxin activity at super-optimal concentrations is strongly 
dependent on humate concentration. A concentration of 10 -1 g./1. is fully 
effective. A solution diluted by 100 is ineffective. 
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Fig.  7. Growth of flax hypocotyl segments 
in fl-indoleacetic acid (Q--O) and in this 
solution with K-hum�9 Ox 10-1 g./1. ( � 9  �9 ) 

and R 10 -1 g.W. ( H - - i ) .  See Fig. 8. 

Fig.  8. Growth of flax hypocotyl segments in 
fl-indoleacctic acid (Q- -O)  and  in this solution 
with K-hum�9 Ox 10 -1 g./1. ( 1 - - � 9  Segments 
from 20--25  mm.  hypocotyls .  Period of test 
24 hom.s. Ordinate:  % of control length. Ab- 

scissa: auxin concentration in rag./1. 
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Fig.  9. Growth of flax hypocotyl segments 
in a-naphtylacetic acid (O---O) and in this 
solution with K-hum�9 Ox 10-1 g./1. ( � 9  �9 ). 

See Fig. 8. 
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Fig.  10. Growth of flax hypocotyl segments 
in a-naphtylacetie acid (@--O) and in this 
solution with K-hum�9 Ox 10-1 g.]l. ( � 9  �9 ). 

See Fig.  8. 

Diseussion 

As has already been mentioned in the introduction, many authors have 
assumed that there is an analogy between the effect of humus substances, 
particularly humic acids, and that of auxins. But the criterion for regarding 
any compound as an auxin is a positive result with some of the tests used 
for determining the activity of growth substances. Therefore, it was necessary 
to treat the humic acids in this way, too. The present experiments have 
established that this fraction completely lacks the properties of auxins. Growth 
of segments of wheat coleoptiles and flax hypocotyls was unaltered following 
the application of a wide range of concentrations of K-humates of various 
origin. This is in agreement with the results of PASZEWSKI, TROJANOWSKI 
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and LOBARZEWSKA (1957), who also used coleoptiles to test the alcoholic 
fractions of peat and compost humus. The fractions as a whole were also 
inactive. I t  is interesting, however, that  the chromatographically separated 
components acted on the curving of the longitudinal parts of cut coleoptiles 
in a similar way to fl-indoleacetic acid. 

In opposition to the view that  humic acids act on plants like auxins is also 
the fact of  the qualitative difference in the effect of these substances on root 
growth. While it has been repeatedly demonstrated that  humic acids have 
a favourable effect on root growth, the primary characteristic of auxins is 
that  they inhibit this growth. Stimulation by very low concentrations has 
not yet, according to ~BERG (1957), been reliably demonstrated as a general 
phenomenon. Auxins do not affect the growth of algae (LHOTSK~ 1952), 
while humus substances act as strong stimulants (LHoTSK~ 1954, I~RiT 1955). 
These differences, particularly as regards roots, indicate an analogy with 
another group of growth substances-- the antiauxins, which also strongly 
accelerate root growth. They are, however, also characterized by  the fact 
that  in various tests they reduce the effect of externally applied auxins 
(/~ERG 1950, BURSTROM 1950, VAN 0VERBEEK et al. 1951). This interaction 
is particularly evident with sub-optimal concentrations of auxin. I t  has 
been found that  humic acids do not alter the effect of these concentrations. 
The growth activity of super-optimal concentrations is, however, consider- 
ably reduced by humate. The growth of segments in a solution containing 
auxin and humate is definitely greater than in a solution of auxin alone. 
Typical antiauxins, such as 1-naphtylmethylsulphidepropionic acid (ABERG 
and KHALIL 1953) or 4-chlorphenoxyisobutyric acid (FosTER et al. 1955), 
do not alter the activity of such concentrations of auxin, insofar as they are 
not applied in toxic amounts. 

The humate-auxin relation, insofar as it has been followed in tests with 
overground plant parts, does not show a typical antiauxinoid character. 
The real nature of the relation between the two substances at super-optimal 
concentrations of auxin, when humate antagonizes its growth act ivi ty ,  re- 
mains, however, a problem. The results obtained so far will have to be 
amplified by investigation of interaction in a suitable root test. I t  is also 
necessary to find out whether this action is reversible following further 
applications of auxin. 
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B a H H H H e  r y M y c o B o f i  KHCJIOTbI n a  pOCT p a C T e H H f i  

M p ~ u  P ~ e p m a S e K  

H a ~ e ~ p a  /~H3H0:IOrHH pacTeHnfi n @o: Io rm~ II0qBI)I ECTeCTBCttHOF0 (~ai~y~bTeTa Hap3oBa  
u  I I p a r a  

PealoMe 

XapaHTepHofi  qepTo~ ~O~CTBHg FyMyCOBblX t(I/ICJIOT Ha pOCT pacTeHnfi YIBJI,qOTC}t CTrIMyJIi~- 
~ n n  pocTa Kopnefi  B ~anHy ,  ~r HHOrJ~a 06%gCH~eTC~I TCM, qTO 3TH seH~ecTBa HMetOT x a -  
pa~Tep ayKcnHoM~oB. 

ASTOp npoBepna DTO n p e ~ n o ~ o m e H n e  OHbITaMH Ha oTpeaaHHHX qaCT~X IROJIOOIITHJI~ IIIIIe- 
HHI~hI H I'I/IIIOI~OTHJIYI JlbHa. POCT qacTcl~ TOFO I~I x p y r o r o  TIdE[a B pacTBOpax FyMaTa ~ a ~ g n  
c, ~ogKegTpag~e f i  t 0  -~ ~0 -~ r / a~T p  He OTJIHqsY!cg OT pocTa gOHTpOJ~bgbIX gac~efi  n BoJ~e. 

~ a ~ e e  n a y q a n o c b  sza~Monef icTnse  ryMyCOSh~X m~CaOT S ay~c~noB.  X o n  g p ~ s o f i  pocTa 
o T p e s a H s u x  qacTefi B p a c T n o p a x  a y ~ c n ~ a  c noHaeHTpaImef i  JIo 20 Mr/a (aen)  ~ a ~  50 Mr/a  
( n m e H ~ a )  He a a s ~ c e a  OT np~cyTCTSn~ S p a c T s o p e  ryMaTa s ~OH~eHTpaIm~ t0  -~ r / a .  B c a y -  
qae  60ace  suco~<gx ~ongeHTpaImf i  ayi<c~Ha pOCT oTpe3aHHb[X ~acTefi s pacTB0pax  a y ~ c n ~ -  
ryMaT 6s~a 3HaqsTenSHO ss~me, qeM S pacTBopax  o ~ o r o  aync~Ha .  O n s a ~ o ,  c ~a~bHefimSM 
pOCTOM ~0HI~eHTpa~n~ a y ~ c s H a  (nH~O:m:xy~cyc~aa  ~ n a / p T ~ y ~ c y c ~ a s  ~ C a O T ~ )  aTn paa -  
~r~qrm n p o a B a m I n c b  Bce caa6ee .  

T a ~ M  o6paaoM, He ysmJ~och J~olda:3aTb H~ ayl~CgHO!4~ttbIfI xapa~Tep  sOJmopacTnOp~M~X 
coaef i  r y ~ y c o B u x  ~nCaOT, HU I~OMIIOTIITHBItblt~I 8HTaFOHII3M B COOTBeTCTBIlII C npe~cTaBaen~-  
gMg 06 a n T ~ a y ~ c g n e .  


