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Vliv Na-humf i tu  n a  d~chfini ko~en/i  a l i s th p[enice  

Natriumfluorid, monojodacet~t a malom~t brzdi, pop~ipad6 stimuluji, d~chs 
ko~enfl pw p~stovan@ 2 a~ 10 dni v roztoku hum~tu sodn@ho (100 mg/1) siln@ji, 
nee d~chs ko~enfl rostlin p6stovan:~ch ve veda. Obdobn~ pflsobi natriumfluorid 
na d:~chs listfl. Pom@r radioaktivit C1402 uvoln@n@ho z glukosy znaSen@ v poloze 
1 nebo 6 (Cs/Ci) je prflkazn~i zv~w u ko~cnfi, nikoli v~tak u listfl. Zm~na tohoto 
pom~ru je doprovAzena zmen~enlm celkov@ radioaktivity Ci402 uvoln~n@ho ko~eny 
rostlin ovlivn~ns?mi humAtem z glukosy specificky i tots znaSen@. Endogennl 
respirace (QO2) ko~en~ je pflsobenim hum~tu zesflena o 5--30 %, inte nsita respi- 
race list~ zflstAvh na stein@ firovni. Rflst ko~enfl do d61ky j ev  prost~edi s humAtem 
intensivn@jw o 20---80 %, rflst listfl o 5--15 ~ Uveden~ zji~ftitni vedou k zhv~ru, 
~e v ko~enech rostlin p~stovan~ch v roztoku hum~tu vzrflsts podfl glykolysy 
v respiraSnim metabolismu. 

S u m m a r y  

S o d i u m  fluoride,  i o d o a c e t a t e  a n d  m a l o n a t e  inh ib i t  or  s t i m u l a t e  t he  resp i ra -  
t i o n  o f  w h e a t  roo t s  c u l t i v a t e d  for  2 - - 1 0  d a y s  in  a so lu t ion  o f  s o d i u m  h u m a t e  
(100 mg/1.) as c o m p a r e d  w i t h  t h e  r e sp i r a t i on  o f  roo t s  c u l t i v a t e d  in  wate r .  The  
inf luence o f  s o d i u m  f luor ide on  t he  r e sp i r a t i on  o f  leaves  is similar .  T h e  r a t i o  o f  
t h e  r ad ioac t iv i t i e s  o f  Ci402 f r o m  glucose,  label led  in  the  pos i t i on  1 or  6 (CJCi)  
is d i s t i nc t l y  h igher  in  roots ,  b u t  n o t  in  leaves.  The  c h a n g e  in  th is  r a t i o  is 
a c c o m p a n i e d  b y  a decrease  in  the  t o t a l  r a d i o a c t i v e  C1402 f r o m  roo t s  o f  p l an t s  
in f luenced  b y  h u m a t e ,  f r o m  glucose label led  specif ical ly  a n d  to t a l ly .  

E n d o g e n o u s  r e sp i r a t i on  (QO2) o f  roo t s  i nc reased  in  h u m a t e  b y  5 - - 3 0 % ,  
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the intensity of leaf respiration remaining at the same level. The longitudinal 
root growth increased in humate by  20-- 80%, the growth of leaves by  5-- 15%. 
The above statements show that  in a humate solution the glycolytic fraction 
of the respiratory metabolism of roots is increased. 

Introduction 

I t  is k n o w n  t h a t  h u m i c  acid in so lu t ion  of  0 . 0 1 - - 0 . 0 0 1 %  h a s  a posi t ive  inf luence on  t he  g r o w t h  
of  t h e  roo t  s y s t e m  as  well as  on t h e  green  p a r t s  of  p l an t s ,  b u t  it  is d i f ferent  f r om aux ine s  o r  
a n t i a u x i n e s  (I~E~XBEK 1960). I t  increases  t he  i n t e n s i t y  of  respi ra t ion .  Accord ing  to  CH~ISTEV~ 
(1953, 1955) h u m o u s  c o m p o u n d s  s t i m u l a t e  t h e  r educ t ion  of  t h e  t e r m i n a l  oxidases ,  be ing  a sub-  
s t r a t e  for  po lypheno l  oxidase.  ~MiDOVh (1962) f o u n d  a to t a l  increase  of t he  e n d o g e n o u s  resp i ra -  
t ion  in  t h e  h u m a t e  t r e a t e d  p l a n t s  of  a w h e a t  roo t  h o m o g e n a t e ,  as well as  a change  in a c t i v i t y  
of  some  e n z y m a t i c  s y s t e m s  ac t i ng  in  ox ida t i on - r educ t i on  reac t ions  of  resp i ra t ion .  The  ac t ion  
of  N a - h u m a t e  lowered  t he  ac t iv i ty  o f  succinic  dehyd rogenase ;  t he  inh ib i t ion  of  r e sp i ra t ion  b y  
m a l o n a t e  was  reduced ;  t he  inh ib i t ion  of  resp i ra t ion  by  t h e  ac t ion  of  p r o d u c t s  of  t he  Krebs -  
cycle increased ;  t h e  ac t iv i ty  of  c y t o c h r o m e  oxidase ,  ascorbic  ac id  oxidase ,  po lypheno l  oxi- 
dase ,  l ipooxidase  a n d  f lavin  e n z y m e s  also increased .  F r o m  these  fac t s  t h e  a u t h o r  a s s u m e s  a 
change  in a c t i v i t y  o f  t h e  pen tose  cycle  a n d  o f  glycolysis .  FI.~IG, S C ~ R R E g  a n d  SCHOLL (1957) 
f o u n d  t h a t  t h y m o h y d r o c h i n o n  suppre s sed  t h e  ac t i v i t y  of  sucrase ,  amylase ,  p h o s p h a t a s e  a n d  
aldolase.  ~IN6EROVX (1962 )conc l uded  f r o m  t h e  h ighe r  a m o u n t  of  pen toses ,  glucose,  sucrose  
a n d  f ruc tose  a n d  lower quan t i t i e s  o f  a m i n o a c i d s  in  w h e a t  roo t s  in  t he  s t age  of  t h e  first  l e a f  
in f luenced  b y  h u m a t e ,  t h a t  t he  above  changes  are caused  b y  a deficiency o f  n i t r o g e n  inh ib i t i ng  
fu r t he r  s u g a r  m e t a b o l i s m  n a m e l y  g lycolys is .  

F ~ I o  (1962) s t ud i ed  t h e  effect of  c o m p o u n d s  o r ig ina t ing  f rom the  decompos i t i on  o f  s t r a w  
a n d  l ign ins  a n d  f o u n d  t h a t  t h e y  change  p l a n t  m e t a b o l i s m  b y  u n c o u p l i n g  ox ida t ive  p h o s p h o r y l a -  
t ion  f r o m  resp i ra t ion .  

The  r e su l t s  of  m o s t  of  t h e  above  pape r s  dea l ing  wi th  t h e  re la t ion  of  h u m a t e  to t he  ene rgy  
m e t a b o l i s m  of  p l a n t s  c a n n o t  c lear ly  d e m o n s t r a t e  changes  in t h e  ac t iv i ty  of  d i f ferent  r e sp i r a to ry  
s y s t e m s ,  s u c h  as glyeolysis  a n d  t he  pen t o se  cycle in t he  me t abo l i sm ,  because  the i r  m e t h o d s  are  
i n a d e q u a t e .  I n  t he  p r e sen t  s t u d y  we are  b r ing ing  resu l t s  of  our  e x p e r i m e n t s ;  we h a v e  u s e d  
specif ical ly labe l led  glucose a n d  r e sp i r a to ry  inhib i tors ,  to inves t iga t e  t h e  role of  g lycolysis  in 
p l a n t s  c u l t i v a t e d  in h u m a t e .  

Materials and Methods 

F o r  ou r  e x p e r i m e n t s  we used  first  leaf -b lades  a n d  roo t  t ips  0 .5 - -1 .0  cm.  long  of  w h e a t  (Tri- 
ticum vulgare L. cu l t iva r  StupnickgL jarni) ,  c u l t i v a t e d  in Pe t r i  d i shes  w i th  dis t i l led wa t e r  o r  
wi th  N a  sa l t  o f  h u m i c  acid 100 rag./1, p u r c h a s e d  f r o m  Riede l  de H a e n  A.G. Seelze H a n n o v e r .  
W h e a t  was  g e r m i n a t e d  for 24 h o u r s  in a h u m a t e  so lu t ion  or dist i l led wa te r  a n d  l a te r  t r ans fe r r ed  
to a cu l t i va t i on  box  w i t h  2 4 - - 2 7  ~ C t e m p e r a t u r e  a n d  97% air  h u m i d i t y .  A neon  l igh t  o f  1400 L x  
was  u s e d  for 12 hou r s  a d a y  (ef. LU~TINEC a n d  POKORN~ 1962). 

The  m e a s u r i n g  of  QO 2 (#l. 02/hour/mg.  d r y  weight )  a n d  resp i ra t ion  inh ib i t ion  b y  s o d i u m  
fluoride 3 • 10-2M, b y  m o n o i o d o a c e t a t e  2 • 10-aM and m a l o n a t e  5 • 10-aM in 0"1 M c i t r a t e  
buffer  p H  4.5 were m a d e  b y  t h e  d i rec t  W a r b u r g  m e t h o d .  The  m e a s u r i n g  of  t he  CJC1 ra t io  was  
pe r fo rmed  b y  a m e t h o d  pub l i shed  p rev ious ly  (Lu~TINEC a n d  POKO~N). 1962). The  50 ml .  Er len-  
m e y e r  i n c u b a t i o n  f lask con ta ined :  6 ml .  0"033 M p h o s p h a t e  buffer  p H  5.3, 100 roo t  t ips  or  0.5 g 
d i s sec ted  leaf-blades ,  a n d  1 ml .  specifically or to ta l ly  label led glucose,  showing  a ra idoact iv i ty"  
o f  330 mjuC a n d  m a s s  of  4 rag. 

Fo r  m e a s u r i n g  t he  r ad ioac t iv i t y  of  BaC14Os a GM t u b e  w i th  t h e  end  w indow (of t h e  t h i c k n e s s  
of  1 .00- -1 .05  mg . / cm.  2) was  used .  The  efficiency of  m e a s u r e m e n t  was  1 #C = 10 ~ cpm.  The  
v a l u e s  p r e s e n t e d  here  are  the  r e su l t s  o f  a t  l eas t  3 paral le l  m e a s u r e m e n t s .  E a c h  e x p e r i m e n t  was  
r e p e a t e d  3 t imes .  
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Results 

The tables 1 and 2 show tha t  fluoride, monoiodoac ,  tate and malonate  inhibit  the respira t ion 
of  humate - t r ea ted  p lan ts  more  t h a n  the controls. The intensi ty  of inhibi t ion is no t  absolutely 
the same in leaves and roots  of  the same age, b u t  it is definitely higher  in humate - t r ea t ed  plants ,  
even if the oxygen  consumpt ion  in humate-  
p lan ts  is no t  increased; it decreases wi th  the age 
of leaves. I n  low concentra t ions  of inhibi tors  or 
in old tissues the respirat ion is s t imulated;  sti- 
mula t ion  is higher in humate - t r ea ted  i plants.  I n  
some cases the humate - t r ea ted  p lan t s  are still 
s t rongly  inhibited whereas  the  control  is already 
slightly s t imulated (cp. the exper iment  wi th  
malonate,  tab.  2). A similar relat ion can be found  
with the long t e rm effect of N a F  (Fig. 1). At  the 
beginning the  respirat ion of the humate - t rea ted  
p lants  is more  intense t h a n  in the control. 
After 16 hours  the humate - t r ea ted  p lan ts  are 
still s t imulated,  whereas  the control is already 
inhibited by  NaF.  The ratio CJC 1 in roots  t reat-  
ed by  h u m a t e  is dist inctly higher (tab. 3) 
mainly due to the decreasing ou t pu t  of C140~. 
I n  leaves the ratio does no t  change (tab. 4), 
though  the influence of  fluoride is the same as 
in roots.  Humate - t r ea t ed  roots  show a lower 
absolute radioact ivi tyofC1402produced b y r o o t s  
f rom specifically and tota l ly  labelled glucose 
(tab. 5). 

Fig. 1. 

QO~ (td. O J m g .  of dry  weight  dur ing 60 min.)  
n whea t  leaves g rown for 5 days  in wa te r  (K) 
and  sodium h u m a t e  (H) in re la t ion to t ime of 
i incubation in water  (C)) and in sodium fluoride 

3 X 10-2M ( $ ) .  

2 

K 

10 ~4 ~8 22 26 

I ! ! I I I I I I I I" I I 

2 4 6 8 i 0  f4 ~8 22 26 
HOURS 

Tab. 1. The effect of N a F  3 • 10-2M on respira t ion of wheat- leaves ~rown in N a - h u m a t e  
100 mg.]l, and  in distilled wate r  

Age of leaves Average length Percentual 
in days Variant of leaf in cm Q O ~ ( H ~ O )  QO~(NaF) inhibition -- 

stimulation + 

4 

6 

8 

10 

K 
H 
K 
II 

K 
H 
K 
H 

3.2 
4.0 
7.8 
8.6 

11.9 
13.8 
12.7 
14.9 

6,6 
6.6 
4.4 
4.0 
3.2 
3.2 
3.5 
3.4 

5.8 
5.5 
4.6 
4.7 
4.3 
4.9 
4.4 
4.6 

- - 1 2 . 8  
--16.3 
+ 2.9 
+ 1 6 . 4  
+36.0 
+55.0 
+26.9 
+36.0 
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Tab .  2. The  effect of f luoride,  i o d o a c e t a t e  a n d  m a l o n a t e  on r e sp i r a t i on  of  w h e a t  roo t s  

Plants 

days 

Average 
length 

of roots 
in em 

K H 

2.08 2.58 
2.32 3.52 
2.52 3.60 

QO, 

K H 

13.1 14.5 
9.1 13.3 
8.5 9.3 

Percentual inhibition (--) or st imulation ( •  
of oxygen consumption 

Na-fluorido 
3 • IO-~M 

K H 

--57.0 --67.0 
--41.0 --54.0 
--32.0 --44.4 
+12.0" ~-45.0" 

l~a-malonato 
5 • 10~M 

K t t  

--31.4 --44.5 
-4- 2.8 --22.0 

monoiodacetate 
2 • 10-+M 

K H 

--76.4 --84.1 

Na-f luor ide  3 • 10-slK 

Tab.  3. P r o d u c t i o n  of t4C0~ f rom w h e a t  roo t s  g rown  in w a t e r  (K) and  in  so lu t ion  of N a - h u m a t e  
(H) 100 mg.]l ,  d u r i n g  t w o - a n d  four -hour  i n c u b a t i o n  w i t h  glucose  1-14C and  glucose-6-t+C 

Age of 
plants  

in days 

Duration 
of incu- 
bation 

in hours 

0--2 

2--4 

0--2 

2--4 

Vari- 
ant  

Radioact ivi ty of BaC~'O, in counts/min./10 mg. dry weight 

G - 1-C ~ G-6-C~ 

x sx- 

K 
R 

x Sx 

392 • 5.65 
331 • 2.32 
523 ~ 5.70 
357 • 3.66 

1097 ~ 12.2 
526 i 4.23 
861 ~ 10.8 
657 • 7.05 

2 2 7 •  
206 ~ 1.63 
525 ~ 2.19 
424 • 1.92 
146 • 2.25 
432 • 1.50 
305 • 2.22 
392 ~ 1.87 

G-I+6-C ~4 

619 
537 

1048 
781 

1243 
868 

1166 
1049 

C+/C1 

0.57 
0.62 
0.99 
1,18 
0.13 
0,65 
0,36 
0,59 

x = m e a n  
s~ = s t a n d a r d  d e v i a t i o n  

Tab.  4. P r o d u c t i o n  of C140~ f rom w h e a t  l eaves  of  four -day-o ld  p l a n t s  g rown  in d i s t i l l ed  w a t e r  a n d  
N a - h u m a t e  100 mg.]l ,  du r ing  t w o - a n d  four -hours  i n c u b a t i o n  w i t h  glucose-l-14C a n d  glucose-6-x+C 

Duration 
of inc u- 
bat• 

in hours 

0--2 

2--4 

Variant 

K 
H 

Radioact ivi ty  of BaCI+O, in counts]min.]10 rag. dry weight 

G.1.CI+ 

x i s ~  
248 • 13.1 
258 • 6.9 
314 ~ 17.1 
305 4.0 

G.6_C 1. 

x •  s~ 

217 -4- 3.0 
229 -4- 10.4 
304 • 9.3 
280 • 2.6 

G.1-4- 6.C1~ 

465 
487 
618 
585 

C.]C+ 

0.88 
0.89 
0.96 
0.91 

Diseussion 

Our results corroborate the assumption that in humate-treated plants 
especially in roots, the role of glycolysis in total respiration is increased. This 
is supported by the increased action of the respiratory inhibitors used as well as 
by the higher stimulation and the increased ratio CJC1 in roots. The degree 
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Tab.  5. P roduc t ion  of  C1~O~ f rom 3-day.old roots  of  whea t  grown in water  and  in a solut ion of  
N a - h u m a t e  100 rag./1, after four-hour incubat ion  wi th  unspecificially labelled glucose  

Experiment 

17. 10. 61 
12. 12. 61 
19. 12. 61 

Radioactivity of BaC~IO, in counts/min./10 rag. dry weight 

Na-humate 

5= sx 

227.0 5= 4.05 
274.5 5= 28.4 
250.0 • 23.6 

distilled water 

x 5= s x  

253.0 5= 6.45 
461.8 • 12.8 
331.0 =4- 9.54 

of inhibition of respiration by  fluoride and monoiodoacetate is proportional to 
the part  ofglycolysis in glucosecatabolism.Malonate doesnot affecttheglyeoly- 
sis directly, but  it can inhibit it unlike the pentose cycle because glycolysis 
is dependent on the citric acid cycle in aerobic conditions in tissues of high- 
er plants. The increased respiration inhibition by  malonate in roots treated 
by  humie acid can thus be an indirect corroboration of the above assumption. 
Though S~iDOVi (1962) found a decreased inhibitory action of malonate on 
the consumption of oxygen in the root homogenate of humate-treated plants, 
this result does not contradict ours, because there is a considerable difference 
between the homogenate and an intact tissue. The stimulation of respir- 
ation in wheat leaves by  fluoride is accompanied by  an increased C6/C 1 ratio 
and inhibition of the transport  of glucose into the tissues, which is probably 
a result of activation of glycolysis (Luw POKOa~A, Rf~iI~KA 1962). I t  
is evident that  under favourable conditions the respiration will be most 
strongly stimulated by  fluoride when the role of glycolysis in tissue respir- 
ation is at the highest level. But  it may happen that  during the transition 
of the inhibitory effect to stimulation, caused by a changed concentration of 
the enzyme-poison or by  the age of the tissue, respiration including intense 
glycolysis will be inhibited or stimulated less than respiration of the tissue 
where aerobic glycolysis is partly supplied by the pentose cycle (Fig. 1). 
Our opinion is that  analogical relations may be expected for the action of 
monoiodoacetate and malonate. According to the results of manometric 
experiments with inhibitors increased ratio C6/C 1 in the roots of the 
humate-treatedplants  may be caused by  increased glycolysis. KATZ and WOOD 
(1960) showed that  the CJC 1 ratio is not a linear function of a relationship of 
glycolysis and the pentose cycle in catabolism, but  that  it also depends on an 
amount of 3-C from triosophosphate, oxidized in CO 2 and on the non-trioso- 
phosphate utilisation of glucose. I t  is thus possible in wheat leaves culti- 
vated in humate solution whose respiration is more strongly inhibited by  
fluoride than that  of the control, that  the C6/C 1 ratio corresponds to the higher 
role of glycolysis as well. 

The found metabolic ehanges are correlated with an intense growth of leaves 
and especially of roots, but  it is impossible to say from our experiments how 
specific the influence of humic acid is. The experiments on the shortterm 
influence of humate on isolated organs of wheat showed that  during several 
hours application no metabolic changes occur; this might be caused by  the 
slow transport of humie acid into tissues (PRAT 1960). 
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W h e t h e r  the  decreased C~'02 r ad ioac t i v i t y  in roots  is caused b y  the  decreased  
t r a n s p o r t  of  glucose to  the  t issues or b y  o ther  f~ctors  e~nnot  be said ~t present .  
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B I O L O G I A  P L A N T A R U M  5 (4): 2 6 5 - - 2 7 0 ,  t 9 6 3  

B~IH~iHHe Na-ryMaTa Ha ~IbLXanue I~OpHefi H JIHCTbeB nmennKbI 

(I)Topg~ HaTpHg, MOHO~'IO~laIleTaT H MaJIOHaT TOpMO3gT, B xpyrnx c~yqaax CTgMyJIl4pyIOT 
~b~xaHHe Kopnefi nme~H~u, BupamgsaeMofi B TeqeHge 2--10 ~geff B pacTBope ryMaTa 
HaTpza (100 Mr/n) c~Jinee qeM ~ILIXaHZe KopHefi pacweaHfi n~pamHsaeMblX B Bo~le. IIo- 
~05HHM 05pa30M ~eI]CTByeT (~TOpH~ HaTp~a na ~blxaH~le JIHCTbeB. OTHOmeHl4e pa~Ho- 
aHTHBHOCTeH Cla02 OCBO6OiI~eHHOFO H3 FJIIOI{O3hl MeqeHHo~I B ]-OM I4JIH 6-OM IIOJIOH~eHHH 
(CJC,) ;~OCTonepno nOBblmeno y RopHefi, o;Ina~o, n e y  JInCTbem H3MeHenza aToro OTRO- 
IIIeHH~I CoIIpOBOH{~aIOTCfl yMeHl)llIeHIIeM 061KeI4 pa~HoaI{TI4BHOCTH C1402 OCBO60}g~eHHOFO 
HOpHaMg pacTeHafi, Ha KOTOpHe Bo3~e~CTBOBaJIH FyMaTOM, H3 F~IOI403M cneIm~qec~ 
H TOTaJII~HO MeqeHnOfi. 3n~oreHHaa pecnHpa~na (Q02) ~opaefi no~ ~efiCTBI4eM ryMaTa 
n o B ~ m a e T c ~  Ha 5 - - 3 0  ~o, I/IHTeHCHBHOCTb p e c n H p a ~ a n  JIIqCTbeB ocTaeTca Ha TOM ~ e  ypoBHe. 
POCT ~0pHefi  B ~aHHy B cpe~Ie c ryMawog Ha 2 0 - - 8 0  % I~HTeHCHBHee, pocw ~II4CTI~eB Ha 5 - - t  5 %.  
IIpHBe~eHH~m ~aHgbIe ~e~yT K 3aI{~IIoqennIO, qWO B ~OpHaX pacTen~fi ,  Bb~paHI~BaeMMX 
B paCTBOpe ryMaTa,  aoapacTaeT ~OJm r~i~Ko~maa a pecnnparmoUHOM MeTaSonnaMe. 


