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Abstraet.  Changes in the  nucleic acid (NA) content  were studied in roots of  young  wheat  
p lants  cul t ivated under  various nutr i t ive conditions, namely  in a nut r ien t  solution, in distilled 
water and  i n ' a  solution of sodium humate  in distilled water. Changes in the ribosomal ribo- 
nucleic acid (RNA) in particular and  their connection with growth rate were investigated. The 
a m o u n t  of the  NA fraction investigated (more than  90 per cent of which is represented by  the  
ribosomal RNA) changed substant ial ly under  the  cultivation conditions studied. In  roots of one 
plant  cul t ivated in water  the content  of the  NA fraction investigated was a t  the  mos t  about  
25 #g  and  it began to decrease as early as from the second day  of cultivation. After 12 days of 
cult ivation it  decreased to 15 pg. When  cult ivated in Na-humate  the roots contained at  the  
mos t  33 /~g NA, between the 5 t h - - 7 t h  day, followed by an intensive decrease after 12 days,  
to 17 pg. The content  of the  fraction investigated in wheat  plants  cult ivated in a nut r ien t  solution 
was about  double the  value in comparison to these two eases with the  maximal  value about  
60/~g between the 7 t h - - 9 t h  day. After 12 clays this  amoun t  decreased to 45 pg. 

The ratio between the growth rate and  the NA content  presented positive values only when 
plants  were cul t ivated in a nu t r ien t  solution and  in Na-humate  until  the day  when the NA con- 
t en t  ceased to increase. In  the case of Na-humate  this  took place on the  6th day  and  in the  case 
of a nu t r i en t  solution on the 9th day. Under  conditions favourable for growth (in a nu t r i en t  so= 
lut ion and  in field conditions} the preeult ivation of wheat  p lants  in l~a-humate resulted in a more  
intensive growth of roots in comparison with the  root growth of p lants  precult ivated in distilled 
water. In  plants  preeult ivated in distilled water  for 4 days the  growth rate cont inuously increa- 
sed under  favourable nutr i t ion conditions in contrast  to plants transferred from distilled water  
as late as on the 6th day. Their growth s topped after the  t ransplanta t ion  and  was restored only 
after a 2 day  lag phase. On the other hand,  in plants  precult ivated in Na-humate  the  transfer  to 
favourable nutr i t ive conditions resulted in both  cases in a short  te rm cessation of growth. 

In a considerable number of papers concerning effects of humus substances 
on plants a favourable influence has been proved. This is evidenced most 
clearly macroscopieally by an intensive growth of plants.Though the influence 
of humus substances on plant metabolism has been studied very extensively 
the nature of their action is not fully understood. 

* Address: Vini6ns 5, P raha  2, Czechoslovakia. 
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In the recent years the connection between NA metabolism and growth 
has been studied in a series of papers, and it has been found that  the growth 
rate is closely connected with the amount of RNA. This was proved both 
with microorganisms, particularly in microbes and yeasts (CAsPE~SSON and 
B~ANDT 1941, JEENE~ and B~ACaET 1944 and others as cited by KED~OV- 
SKY 1951, MAALOE 1960, WILLIAMSON and SCOPES 1961, KJELGAI~D 1963 
and others) and in algae (tIE~RMA~N and SCHMIDT 1965, POGO et al. 1966 
and others) and with higher plants (HEYES 1960, WOODSTOCK and SKOOG 
1960, 1962, SITNIK and MUSATENKO 1963, SITNIK 1964, INGLE and HAGE- 
ANN 1964, B~OWN 1964, GILES and MxYV.~s 1964, Kwu 1964, MUSATENKO 
and DZYUmENKO 1964, WALTO~ 1965 and others). 

On the basis of other papers (ALI-ZADE 1959, BA~K~.~ and HOLLONSHEAD 
1964, BARSKAYA and OKNINA 1959, MARCUS and FEELEY 1962, HOLDGATE 
and GOODWIN 1965 and others) one can draw a general conclusion, that 
a high content of RNA is accompanied by an intensive growth throughout 
the ontogenesis of plants, while cells and tissues with a low vital activity 
posses a low content of RNA. 

The correlation between the growth rate and the RNA content probably 
concerns only the ribosomal RNA (NEIDHARDT and MAGASANIK 1960). 

We made this finding the basis of our study concerning the influence of 
humic acid on NA metabolism and therefore we paid our attention especially 
to the ribosomal RNA. A similar connection has not yet been studied. The 
influence of humic substances on NA metabolism was investigated by 
CHRISTYEVA (1963) who compared it to the action of other physiologically 
active substances. Recently CE~ISTYEVA et al. (1967) have studied especially 
the effect on DNA metabolism. They found that  after treatment with humic 
substances both the intensity of the DNA synthesis and its content in the 
nucleus increase as well as the protein content in the cell. These changes also 
become evident in subsequent generations, although to a less extent. 

As follows from our previous experiments (FIALOVX and ~IDOVs un- 
published data) the preparation of humic acid used has various effects on 
the growth of wheat plants, depending on whether it is applied as Na-huma- 
te or as K-humate. Besides this the growth effect was also dependent upon 
the presence of mineral nutrients in the cultivation medium. In their presen- 
ce growth was only slightly affected by both forms of humate. On the other 
hand when plants were grown in a solution, of humates in distilled water only 
(in a concentration of 100 mg humic acid per liter), K-humate (4• 10-4M 
potassium) slightly stimulated the growth of shoots and roots of wheat 
plants, while Na-humate (4 • 10-a~ sodium) considerably accelerated the 
growth of roots. 

These intensively growing roots of wheat plants cultivated in aqueous 
solution of Na-humate became a suitable material for studying the changes 
in the NA metabolism induced by humic acid. From the values of the re- 
lationship between the amount of RNA and the growth rate it would be 
possible to draw conclusions about the mode of action of humic acid on NA 
metabolism and in growth processes. For comparison the same relations were 
investigated in roots of wheat plants cultivated in a nutrient solution, the 
growth intensity of which was almost identical to that  of a solution of Na-hu- 
mate, as well as in roots of wheat plants cultivated in distilled water, growing 
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about  half  as rapidly as in a nutr ient  solution and in Na-humate.  This 
comparison appeared to be necessary for the reason tha t  Na-humate  was 
applied in an aqueous solution, so tha t  plants probably grew under insuf- 
ficient nutr ient  conditions. The influence of nutr ient  conditions on NA 
metabolism was studied in a series of papers and it was found tha t  s tarvat ion 
either from a deficiency in nutrients or light brings about  considerable 
changes in the NA content (AsEYEVA and BELOZERSKY 1957, KONAREV 1953, 
1954 and oth.). An extremely unfavourable effect was proved to result from 
a deficiency in nitrogen (CAsPERSSON and BRXNDT 1941, JEENER and B~A- 
CHET 1944 and others as referred to by  KEDROVSKY 1951, TURKOVA and 
MESHCIIERYAKOVA 1964 and others), bu t  also in boron (SHKOLNIK et al. 1963. 
ALBERT 1965) and in zinc (KEssLER and MONSELISE 1959) and other elements, 
The NA content  decreases also in young seedlings after removing their 
reserve tissues (HocQUETTE et al. 1952 and oth.). 

In  order to choose a convenient method for the estimation of NA several 
methods of NA isolation and determination were thoroughly examined in 
our laboratory  (FIALOV~ 1968). With  regard to the intention of our work 
requiring specifically estimation of R N A  it was proved impossible to employ 
those methods in which besides NA's a considerable amount  of orcine-positive 
or UV-light-absorbing substances was released. The most suitable method 
was tha t  of KERN (1960), by  means of which it is possible to isolate the R N A  
fraction which is represented probably  b y  a substantial  amount  of the 
ribosomal R N A  from the root  tissue analysed. Owing to the fact  tha t  this 
R N A  fraction was not  contaminated b y  UV-light-absorbing substances it 
was possible to est imate it spectrophotometrically.  

Material and Methods 

Seedlings of wheat  Triticum aestiwm L., ev. Pyw served as experimental  
plants. 

Wheat  grains were allowed to soak for 12 hours in distilled water  at  20 ~ C. 
Grains of an approximately  identical size and degree of germination were 
further cult ivated in appropriate cultivation media in Petri  dishes for 48 
hours in an incubator  at  25 ~ C in the dark. Seedlings of an approximately  
identical size (length of  coleoptile about  2 cm, length of roots 4.5 cm.) were 
t ransplanted in lots of 15 plantlets into glass cultivation pots  containing 
250 ml of the same cult ivation solution in which grains were allowed to 
germinate. The cultivation pots  were provided with dark covers. Plants  
were further  grown under artificial and controlled conditions at about  20 ~ C, 
a t  50--65 per cent relative air humidi ty  and at a 16 hour illumination having 
an intensi ty of 900 lx on the level of leaves. White fluorescent tubes  of 
40 W were used for this purpose. In  some experiments,  when long term 
artificial cultivation conditions would result in ctiolation, plants were grown 
in the garden (in June).  According to growth curves the 2nd, 5th, 7th and 
12th day  after planting the grains in Petr i  dishes were chosen as suitable 
dates for the collection and analysis of plants. 
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The cultivation solutions. 

1. Knop 's  nutr ient  solution containing in millimoles: 4.87 Ca2+; 4.79 K+; 
0.81 1V[g".+; 1.47 H2PO:-; 11.72 NOn-; 1.53 C1-; 0.81 SO42-; 0-062 Fe a+ 
per liter distilled water.  Chemicals purchased by  the firm "Laehema"  
were used in this work. The nutr ient  solution was used diluted with water,  
namely with 3 parts  (quarter nutr ient  solution) or with 1 par t  (half 
nutr ient  solution) of distilled water  per 1 par t  of the nutr ient  solution. 

2. Glass-distilled water.  The electrical conduct ivi ty  varied in the range of 
values 4.5--6.4 • 10 -6 ~- lcm-1.  

3. Solution of Na-humate  in distilled water  (100 mg humic acid dissolved in 
2 ml 0.2 N N a O H  and made up with distilled water  to 1000 ml). The 
humic acid originated from the preparation "Humuss/ iure",  t~iedel & de 
Haen, Hannover .  The solution contained 4 • 10 -4 M sodium. 

The influence of cultivation conditions on growth was  evaluated from the 
length of the pr imary root, from the fresh weight of the entire root system 
and from its d ry  weight. The results were statistically evaluated using t-test.  
In  plants cult ivated in distilled water  and in a solution of Na-humate  the 
distribution of nitrogen among the shoot, root  and remainder of the grain 
was also estimated. 

The nitrogen content  was determined using Kjeldhal 's  technique (Dvo- 
fiAK et al. 1955). 

Nucleic acids were isolated and est imated according to KE~C's procedure 
(1960) as referred to in our previous paper (FrxnovX 1968). For  technical 
reasons either roots of  plants cult ivated in distilled water  and in Na-humate  
or roots of plants grown in distilled water  and in a nutr ient  solution were 
Ianalysed simultaneously. In  the first case roots of 255 plants grown in 
distilled water  and 195 plants grown in Na-humate were processed in one 
analysis, in the second case roots of 135--165 plants grown in water  and 
105--135 plants grown in a nutr ient  solution. In  addit ion 75 plants were 
cult ivated in each variant  for characterization of growth. 

The NA content  was est imated from spectrophotometric  measurements 
using an MOI~I speetrophotometer  and measuring tubes  of 1 cm. I t  was 
calculated according to Chargraff's procedure as referred to by  KEIL and 
~ORMOVX (1959). Since the specific phosphorus content  of NA from wheat  
roots was not  known, for cP the avcrage value was introduced from cP 
given by  the authors mentioned, viz. 7500. The calculated amount  was 
expressed per root  system of one plant analysed. 

Results 

The growth character of experimental  plants in connection with the cul- 
t ivation conditions is given in Table 1. When growing wheat  plants in an 
aqueous solution of  Na-humate  the growth rate of roots is significantly 
increased. The elongation growth is influenced to the highest extent,  it is 
about  twice as rapid as the  elongation growth of roots from distilled water.  
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T h e  f r e s h  w e i g h t  o f  r o o t s  i n c r e a s e s  b y  70 p e r  c e n t ,  t h e  d r y  w e i g h t  b y  a b o u t  
50 p e r  c e n t .  O n  t h e  o t h e r  h a n d ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  b e  f o u n d  
e i t h e r  i n  t h e  t o t a l  n i t r o g e n  c o n t e n t  o r  i n  i t s  d i s t r i b u t i o n  a m o n g  i n d i v i d u a l  
o r g a n s  i n  c o m p a r i s o n  w i t h  o r g a n s  o f  p l a n t s  c u l t i v a t e d  in  d i s t i l l e d  w a t e r  
(F ig .  1). 

T h e  e l o n g a t i o n  g r o w t h  a n d  t h e  f r e s h  w e i g h t  i n c r e a s e  o f  r o o t s  o f  w h e a t  
p l a n t s  c u l t i v a t e d  in  a n  a q u e o u s  s o l u t i o n  o f  N a - h u m a t e  is  o f  a b o u t  t h e  s a m e  
i n t e n s i t y  a s  w h e n  c u l t i v a t i n g  t h e m  in  a d i l u t e d  ( q u a r t e r )  n u t r i e n t  s o l u t i o n .  
O n  t h e  o t h e r  h a n d  t h e  i n c r e a s e  in  d r y  w e i g h t  o f  p l a n t  r o o t s  g r o w n  in  a n u -  
t r i e n t  s o l u t i o n  a r e  l o w e r  t h a n  in  N a - h u m a t e  a n d  o n l y  s l i g h t l y  a n d  i n s ign i f i -  
c a n t l y  h i g h e r  in  c o m p a r i s o n  w i t h  t h e  v a r i a n t  w i t h  d i s t i l l e d  w a t e r .  T h e  r o o t s  
o f  w h e a t  p l a n t s  g r o w n  in  a n u t r i e n t  s o l u t i o n  i n c r e a s e d  in  t h e i r  l e n g t h  a n d  

Table I 
Root growth of wheat plants cultivated in distilled water, in a solution of sodium humate and 
in a nutrient solution (number of repe%itions given in Table 2) 

A - -  Root length in em 

Age of H,O 
plants I 
in days x 4- s i  

12 

Na - -  humate d % to Signifi- 
4` s~ eanee 

H~O 

4.7 4- 0"238 4"7 4- 0"296 0 

8"0 4- 0"506 11"7 4- 0"311 + 46 

8.4 4- 0.271 15-2 4- 0.321 + 80 

9"0 4- 0-407 18.1'4` 0-083 +105 

9-7 • 0"814 18"1 4- 1.210 + 97 

+ + +  

+ + +  

+ + +  

+ +  

Nutrient 
solution (x]4) 

4.7 4- 0.685 

9.5 + 0.350 

12.9 4- 0.268 

14.9 + 0.670 

19.4 4- 0.500 

% [ Signifi- 

L 0=0 

0 

+ 18 - -  

+ 53 ++ 

+ 65 + + +  

+I0O + + +  

B - -  Fresh weight of roots of 1 plant in mg 

12 

32.4 • 1-44 29.7 4- 3.48 

52.3 4- 0.85 69.3 4- 1.43 

54-0 4- 1.39 84-3 4- 2.48 

55.7 • 1.12 88-9 4- 2.90 

57-1 • 4-24 86.6 4- 4.49 

+ 32 + + +  

-{- 56 

+ 73 

+ 52 

+ + +  

+ + +  

+ +  

30.0 4- 0.500 - -  8 

55.9 4- 2.920 + 6 

80.7 4- 0.894 + 50 

86.2 i 2.080 + 58 

96-8 4- 3.560 -}- 69 

+ + +  

+ + +  

+ + +  
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C - -  Dry weight of roots of 1 plant in mg 

12 

2.14 4- 0.212 1.95 4- 0.192 

4.16 4- 0-108 4.95 :t: 1.050 

4.40 4- 0.155 6.00 + 0.195 

4.53 4- 0.256 6.80 4- 0"387 

4.62 4- 0.360 6.70 4- 0.000 

- -  1 0  

+ 19 

+ 36 

+ 43 

+ 46 

+ + +  

+ + +  

+ + +  

�9 1.9~ 4- 0.040 

3.70 -~ 0.173 

5.13 J- 0.236 

5.30 �9 o.152 

6"03 4- 0.145 

11 

+ 17. - -  , 

+ 13. - -  , 

+ 31 + 

- -  ---- insignificant P < 5% -{- = on the level of significance P > 5% 
: + -t- = signii~eant P > 1% 
+ +-{- = highly significant P > 0.1% 

Fig. 1 Fig. 2 
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Fig. 1. pIantSandresidueDistributi~ cultiva~edsodium(a)' root~176 . . . . .  shootbetweenwater(e){ ).the~ wheatgrain) - 2 ~ "  .... "- ~.-~+~ - ~ i  "~--._: -----~rT , ~ i  9"'''" ' 010 C 

I ~ q I I 

5 7 .O 12 2 7 g ']2 5 7 9 12 DAYS 

Fig. 2. Correlation between the rate of the I~TA accumulation in roots of wheat and their increases 
in length (A), fresh weight (B) and dry weight (C) during cultivation in distilled water (I), 
in sodium humate (II) and in a nutrient solution (III). 
Abscissa: age of plants in days. 
Ordinata: left -- growth rate ( . . . . . .  ) 

right -- ratio between the growth and :NA content ( ) 
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both fresh and dry weight throughout the cultivation period, while when 
cultivating them in Na-humate the root growth was very intensive at first 
and after about nine days suddenly stopped. The fresh and dry weight 
presented a decrease after this date which was not statistically significant 
owing to the dispersion of the values. In distilled water the growth of roots 
slowed down very soon and almost ceased beginning from the seventh day. 

The content of the NA fraction supposedly identical to the ribosomal RNA, 
considerably changed during a 12-day cultivation in a nutrient solution, 
Na-humate or in distilled water (Table 2). 

As seen from the ratio between the NA content and the growth rate de- 
termined at 24 hour intervals, the positive values are represented by roots 
of plants cultivated in a nutrient solution up to the ninth day and by that  
cultivated in Na-humate for a shorter period (up to the sixth day). In 
contrast, when plants were grown in distilled water the ratio between the 
NA content and the growth rate had negative values. (Fig. 2). 

These results would indicate that  the ratio between the NA content and 
the growth rate is considerably influenced by nutrition and can be found 
only under favourable nutritive conditions. When cultivating plants in 
solutions of Na-humate and in distilled water, which results in an early 
growth suppression, this relationship certainly cannot be demonstrated. 
Therefore we tried to examine how the content of NA's accumulated during 
a short term precultivation in distilled water and in solution of Na-humate 
would be influenced by the transfer of plants into conditions favourable for 
growth. The data given in Table 2 served as initial values in this experiment. 
They show that  the maximal differences between both variants could be 
found 5--7 days from the beginning of cultivation. At this period differences 
between the two variants were apparent, not only as to I~A content, but also 
to character. When cultivating plants in distilled water the NA content 
decreases while cultivation in a solution of Na-humate causes a reversion 
from an intensive increase to a decrease between the 7th--9th day. On the 
basis of these results one portion of plants (330) was transferred on the fifth 
day and another (330) on the sixth day of the precultivation into a diluted 
nutrient solution (half nutrient solution). At the same time plants were 

Fig. 3 

C~/a,12I \,, "l~l f ~ / A  ....... ...... 2 Ill "" \\'~ ~ll B 
,'gdJ 

9 9 1~ D4Ys 

Fig. 3. Diurnal increases in root length of wheat  plants  precult ivated in distilled water ( - - - - )  
and sodium humate  ( ) and  t ransplanted on the  5th day (A) and  6th day (B) 
into a nu t r i en t  solution. 
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transferred from artificial cultivation conditions, which were not suitable 
for further cultivation of wheat plants because of the low light intensity 
(900 Ix), to the experimental garden. Experiments were carried out in June. 

In  this experiment the length and fresh and dry weight of roots was 
determined partly from plants on the day of transplantation (from each 
variant 90 plants were collected), partly from 9 and 16 day-old plants (120 

:Fig. 4 m~l/a4y 
40 

30 

20 

~0 

0 

A ,oi 
r - - "~  

I 

20 

5 

8 

~ . I M m I W  
I ,  

I 
MYS 

Fig. 4. Dimmal increases in fresh weight of roots of wheat  plants  precult ivatod in distilled 
water  ( ) and  sodium humate  ( ) and  t ransplanted  on t h e  5 t h  clay (A) 
and  the  6th day  (B) into a nu t r i en t  solution. 

Fig. 5 
~ g / D A  Y 

r . . . . . . .  
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l I 1 I I 

0 2 5 9 ~6 0 16 DAYS 
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! 
I 
! 
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2 6 9 

Fig. 5. Diurnal  increases in dry weight of roots of wheat  plants precult ivated in distilled water  
( ) and  sodium humate  ( . . . .  ) and  t ransplanted on the  5th day  (A) and 
(}r) and  the 6th day (B) into a nuLrient soution. 

plants from each variant). The growth rate of roots during both means of 
cultivation is given in Figs. 3, 4 and 5. In all growth characters investigated 
the favourable effect of precnttivation in Na-humate became evident. The 
values represent the average of two repetitions. 

Diseuss ion 

The fact that  humus substances accelerate the growth of plants, increasing 
not only elongation and fresh weight but also dry weight, indicates that  these 
substances could also affect, among other things, NA metabolism, particularly 
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the R N A  metabolism, which has been proved to be closely connected with 
growth (WooDsTOCK and SKOOG 1960, KEY 1964, I~OLE and HAGV.MA~ 1964 
and others). 

Humus  compounds could influence growth processes either b y  supplying 
nutrients (nitrogen, iron and others), functioning as growth regulators, or 
affecting the uptake  and t ransport  of substances physically as a colloid 
organic compound (PR~T 1964). I t  is probable tha t  these factors part icipate 
side b y  side in a certain ratio. 

The influence of nutri t ive conditions on NA metabolism was investigated 
by  some workers employing microorganisms chiefly as subjects, particularly 
plants and microbes (CAsPERSSO~ and BRANDT 1941, JEENER and BRACKET 
1944 as cited by  KEDROVSKu 1951, and others). I t  follows from these studies 
tha t  under insufficient nutr i t ive conditions the R N A  content  is limited 
and proport ionately  the  growth as well. This was found e.g. in yeast  cul- 
t iva ted  in distilled water.  Not  even after the addition of phosphorus did 
yeasts grow and their t~NA content  increase. After nitrogen was supplied 
both  the R N A  and protein contents increased and cells grew intensively. 
This proves a direct connection between nutri t ion conditions and the R N A  
synthesis and the connections between RNA, protein synthesis and growth. 
NEIDttARDT and I~/IAGASANIK (1960) shed more light on the conception con- 
cerning the connection between the R N A  amount  and the rate of growth b y  
finding tha t  this relationship is true only for one type  of RNA's,  namely for 
the  ribosomal ribonueleic acids. One can presuppose tha t  in plants, as in 
simpler microorganisms, NA metabolism is dependent  on nutrition. Results 
of  works devoted to these problems give clear evidence of it. E.g. MARcus 
and FEELEY (1962), HOLDGATE and GOODWIlg (1965) and others observed 
tha t  during seed germination the NA content  in  vegetat ive tissue increases 
and in reserve tissues decreases. Analogically SoR~ov)- and SoR~ (1954) 
found tha t  in pea seedlings NA content  increases even when seedlings were 
cult ivated only in distilled water  or even in the dark as well. But  plants 
cult ivated in a nutr ient  solution and in light had a higher NA content.  
A favourable effect of light on NA metabolism was reported also b y  Asv.rEvx 
and BELOZERSKY (1957) who found tha t  in coleoptiles of  wheat  plants grown 
in distilled water  in light the NA content  increased while when growing plants 
in dark the NA content  decreased. After removing the endosperm a consider- 
able decrease occurred. 

In  contradiction to these results HOOQUETTE et al. (1952) observed tha t  
there was no change in the DNA content  to be found in hypocotyles  of bean 
plants cult ivated in distilled water  for 10 days, bu t  the R N A  content  decreased 
even when plants were supplied with sucrose between the 8 t h - - 9 t h  day 
of cultivation. Upon removal  of cotyledons the R N A  decrease accelerated. 
According to the data  of INOLE and HAGEMA~ (1964) in root  tips of corn 
which germinated in a solution of CaCl~ in dark the NA content  decreased 
with age. 

The discrepancies in these results could result not  only from the fact 
tha t  they  were obtained using various methods,  some of which have been 
criticized lately (HOLDOATE and GOODWI~ 1965, and oth.) bu t  also from the 
fact  tha t  young seedlings were analyzed having various amounts  of reserve 
substances .of various kinds such as carbohydrates ,  proteins, etc. This must  
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necessarily be taken into account  when evaluating the results. Most of the 
experiments,  especially those in which an intensive decrease in the NA 
content  in vegetat ive tissues was found after removing the storage tissues, 
confirm the dependence of the NA metabolism on nutrit ients.  

From this point  of view results of ~ORMOVX and ~o~M (1954, 1956) are 
of  an interest  with regard to some results obtained in our laboratory.  In 1954 
the authors mentioned found a favourable effect of nutrients and light on 
the NA content  in young pea plantlets even when they  were grown in Petr i  
dishes with 25 ml nutr ient  solution for 15 days at the illumination intensity 
as low as 500 lx. Bu t  in their following paper  published in 1956 the positive 
influence on the NA metabolism by  nutri t ion conditions was disproved by  
the fact  tha t  plants grown in tap  water  after 15 days cultivation contained 
a higher amount  of  R N A  than was given by  the authors in 1954 for plants 
cul t ivated in a nutr ient  solution. Besides tha t  plants sprouted from seeds 
of a higher weight had a lower I~A content  (1954) than plants sprouted 
from seeds of a lower weight (1956), which would be in disagreement with 
the data  of  CHEI~Y (1963).  

Apar t  from the fact  tha t  SoR~ovX and ~oR~(1954, 1956) used the method 
of  OGUR and ROSEN which could not  be reliable for such analyses (in none 
of the  papers the  spectrum of the  NA hydrolysates  is presented from which 
the NA content  was calculated) a question must  be considered as to whether 
only NA's were determined (by means of the method mentioned other 
UV-absorbing substances are hydrolyzed as proved in our laboratory,  
FIALOVX 1968) and whether  or not  only plant  NA's were involved. When 
growing plants  in Petri  dishes in a small volume of the cultivation solution 
(25 ml), the  solution must  contain a relatively high concentration of organic 
acids and sugars secreted b y  roots. These organic substances could serve as 
a suitable nutri t ion medium for microorganisms. Since in some experiments 
the authors mentioned supplied cultivation media with chloramphenicol 
which has been proved to function as an inhibitor of DNA synthesis in micro- 
organisms, one can presuppose from these results even the possibility tha t  
in the NA content  est imated in plants grown in the absence of  chloramphe- 
nicol the microbial NA's participated. This possibility is supported by  the 
results of  ~EBV.STA et al. (1966). They analyzed plants which were cult ivated 
in the same way. 

According to our results the R N A  content  in roots of wheat  plants cul- 
t iva ted  in a diluted (quarter) nutr ient  solution is about  three times higher 
than tha t  from wheat  roots cult ivated in distilled water.  Na-humate,  ana- 
logically to the nutr ient  solution, at  first served as an act ivator  of the R NA 
accumulat ion bu t  this influence was of a short- term duration probably  limited 
b y  the s tarvat ion of plants. This is confirmed b y  the fact tha t  the R N A  
content  after 12-day cultivation in 1Na-humate was of the same level as 
when cultivating in distilled water. I f  Na-humate  has a nutrit ion effect then 
this is only of  a short-time duration indicating tha t  its content  of  nutr ient  is 
low. I f  it affects the I~A synthesis then this probably  brings about  under 
insufficient nutri t ion a limitation of other metabolic pathways.  Intensive 
NA synthesis would not  be accompanied by  equally intensive protein syn- 
thesis, either b y  the increase of the  protoplasmatie matter ,  or b y  growth. 
In  our experiments in which the growth curves were investigated an in- 
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dication of the fresh and dry weight decrease was apparent. But the average 
value of the decrease was in the range of dispersion of individual values. 

Evidence in favour of the stimulative character of Na-humate effect was 
given by the results of our experiments when investigating the root growth 
of plants precultivated in distilled water and in a solution of l~a-hu.mate for 
several days and then transplanted into a nutrient solution and to out-door 
light conditions. The fifth and sixth day were chosen for the transplantation 
not only because at this time the difference between the NA content of roots 
in both variants investigated was maximal, but also for the reason that  
according to BOSElV~ARK (as cited by LIlVDBLAD 1959), beginning from the 
fifth day all reserve substances except nitrogen (probably the ergastie ma- 
terial) should be exhausted from the grain. On the other hand, nitrogen 
storage in a wheat grain should be sufficient up to the seventh day. This 
indicates that on the sixth day the grains were over the limit of the carbo- 
hydrate uptake and on the limit of the nitrogen uptake. 

Transplantation of plants precultivated in distilled water for four days 
caused no disturbances of growth but its acceleration. On the other hand the 
transplantation of plants precultivated in distilled water for five days 
resulted in a growth cessation. Growth was restored only after a two-day 
lag phase. A quite different situation occurred with plants precultivated in 
Na-humate. Both the four- and five-day preeultivation resulted, after trans- 
fer into more favourable nutrition conditions, in a growth retardation which 
was more expressive than after the five-day preeultivation in distilled water. 
Also this result gives evidence to the fact that  the long term growth of 
wheat in Na-humate brings about starvation of plants so that  its effect 
appears to be mostly stimulative rather than nutritive. 

Under favourable nutrition conditions the increase of the growth rate of 
roots was more pronounced in plants with a higher NA content, precultivated 
in Na-humate, in comparison with the root growth of plants with a lower 
NA content, prccultivated in distilled water. The connection between the 
NA amount and the growth rate and its dependence on the nutrition con- 
ditions is thus proved. 
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SVATAVA FIALOVs Katedra  Fisiologie rosflin a pfldni biologie P~irodov/Sdeck6 fakul ty Karlovy 
university: Viiv Na-humfitu a trofiek.r podminek na obsah nukleov~eh k y s e l i n ,  zvlfi~t6 r i b o s o -  
m f i l n i  r i b o n u k l e o v 6  k y s e l i n y  v k o ~ e n e e h  pgeniee .  - -  Biol. Plan. 11 : 8--22. 1969. 

Studovali jsme zm6ny v obsahu nukleov~ch kyselin (NA) v ko~enoch mlad~ch rostlin pw 
p6stovan8 v rfizn~ch trofick~ch podmfukfich, a to v ~ivn6m roztoku, v destilovan6 rod6 a v roz- 
toku Na-hurnfitu v destilovan6 vod6. Sledovali jsmc zvl. zm6ny ribosomAlnl ribonukleov6 ky- 
seliny (RNA) a jejich souvislost s rychlostl rfistu. Mno~stvf slcdovan6 frakce lgA (z vice jak 90~  
ribosoms RNA) se m6nilo v[ivem studovan3~eh kultiva6nlch pcdmfnek dosti podstatn6. V ko- 
~enech jedn6 rostliny p6stovan6 v H20 byl obsah sledovan6 frakce NA n e j v ~ e  kolem 25 pg 
a zmen~oval sc u~ asi od druh6ho dno stAH rostlin. Pc  12 dnceh kultivace poklesl na  15/tg. P~i 
pgstovAni v Na-humAtu obsahovaly kof'eny n e j v ~ e  33/~g NA, a to mezi 5. a~ 7. dnera, pak doyle 
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k prudk6mu poklesu, po 12 dnoch a~ na  17/~g. Vzhledom k t~imto dv6ma pHpadflm byl obsah 
sledovan6 frakco v ko~onoch p~enice p6stovan6 v ~ivn6m roztoku zhruba dvojng~sobn:~, s maxi-  
m~lnf hodnotou kolem 60/zg mezi 7. a~ 9. dnem stkH. Po 12 dnech so toto rano~stvl zmenifilo 
na  45 ~g. 

PomiSr mezi rychlosti  rds tu  a obsahem NA vykazoval  kladn6 hodnoty  pouzo p~i p~stov&ai 
v ~tivn~m roztoku a v Na-hum~tu,  a to do dne, kdy  so p~estal zvy~iovat obsah NA. V pHpad~ 
Na-hums  to bylo asi do 6. dne a v pHpadit ~ivn6ho roztoku asi do 9. dno sthH rostlin. Vpodmin-  
khch pHzniv~ch pro rflst (v ~ivn6m roztoku a vo venkovnlch podrn/nk~ch) se p~odp6stovs 
p~enico v l~a-hum~,tu projevflo intenz/vn6j~im rflstem ko~en~ ve srovn~nl s rflstom ko~enfi 
rostlin p~edp6stovan~'eh v destflovan6 vod6. U rostlin p~edp6s~ovan~rch v destilovan6 vod6 
4 dny  so v p~/zniv~ch ~rofick~ch podminkhch plynule zvyhovala rychlost rflstu na  rozdfl od ros~- 
lin p~esazen~'ch z destilovan6 vody a~ 6. den. Jejich rhs t  so po p~es~zenf zastavil a k obnov~i 
dow a~ po lag-fhzi asi 2-dermL Naproti  t omu  s e u  rostlin p~edp6stovan~eh v Na-humg~tu pro- 
jevilo p~esazenf do pHzniv~ch trofick:~ch podmfnek kr~tkodob:~m zastaven/m rflstu, a to v obou 
pHp~dech. 

CBATAnA (1)HAZ0BA, Ha~eRpa qSnanoxtorna pacTenuf~ a 6ao~torn~ n o a h , ,  q~a~yabTeT 
eeTecTnoananHn Kap;~ona ynHBepc, nTeTa, I Ipara :  Bannnne-HaTpnf i - rynaTa  n ye~oBnfi nn-  
Taunn  n a  e o ~ e p ~ a n n e  nyr~ennoab lx  mmzoT B OCO6ennoeTn pn6ocoMa:mnoii p n 6 o n y ~ e n -  
~oaoll Knc~ow, i a ~opnnx nmenmlb i .  - -  Biol.  P l an t .  l i  : 8 - - 2 2 ,  t969.  

14cc~e~onaanc~ na.~m~ertnn coRepmann~t HyK~tenaosstx KnCnOT (HI() B Kop~ax  MOaO;~UX 
pacTen~fi nmer~Ka~,I m,~pam~BaeM~x n p ~  p a 3 ~ t a , ~ x  ycaoB~nx nllTaH~tff a a ~ e ~ o ,  ~ IIffTa- 
TeJIb~OM paCTBOpe, n ; ~ C T g ~ I g p o a a ~ o ~  BoRe ~ B pacTBope ryMaTa HaTpl~g B RgCTH~t~tgpo- 
s a ~ o f i  Bogle. M~ ~ccae~osa~g  B OCO6eHgocwg ~aMe~en~u pI~603oMaJIbnOfl p g 6 0 ~ y ~ e m  
~OBOfi ~HC~OT~ (PHI()  ~ ~x  c s ~ 3 s  co c~opocTsm pocwa. H o a ~ e c ~ B o  ~ccae~oBannofi  q~pa~- 

O a ~  HI(  (COCTOSmegt 5o~ee qe~ ~a 90 ~o ~a p ~ o o a o M a ~ o f i  PHI( )  ~aMe~n~ocs no~ ~a~u-  
,H~eM ycaoBm~ ~r ~OBO~HO cymiecwBeHHO. H p~  B ~ p a m ~ a n ~  pacwen~fi na  ~ C -  
TOil Bo~e co~epmanHe ~cc: te~osaunofi  ~ p a ~  H E  COCTaBJVIJIO ne 6o~ee 25 M~F Ha O)XHO 
pacTen~e H cnHma~ocs  yme  noq~H OT BTOpOrO RH~I soapac~a pac~enm].  CHyC~n ~2 ~l~efi 
"OT n a q a a a  n u p a m ~ s a n ~  OHO cn~aHaocb ~O i5  MKF. I~pII Bupam~Banm~ pacTeHnfi Ha pac-  
�9 Bope ryMaTa HaTpl~I na~5oa~mee  c o R e p m a ~ e  HI(  B Kopn~lx, 33 M~r, o~MeqeHO B nep~o~ 
Merely 5 - - 7  ~HeM. Hocae  aToro npoHaomao c ~ m e u ~ e  ~o t7  u n r  ~a 12 ~eHS. Ho c pa nne u~m 
'C DT~[M]~[ ~ByM~ ~ a p ~ a n T a ~  pac~en~g Bupanl~BaeM~e Ha HHTaTeJI~nOM pacTBope ~MeflH 
u~Boe 6oamee co~epman~e HI( c MaKcI~MyMOM 0~r 60 Mt~r na  7 - - 9  ~ e ~ .  B ~oapacwe t2  
~j~efi co~epman~e  HI{ CHHanJIOCb ~o 45 Mt~r. 

0THomen~e ~e~r cRopocT~IO pocTa H c o a e p m a ~ e M  H K  6u~to nOJIO~llTeJIbnhtM JI~nIl, 
np~ B~Ipam~aaI~m~ B n~waTe~t~noM pacwBope ~ ~a pacwBope ry~awa ~awp~t  RO ~ ,  ~or~a 
nepecTa~o IIOBMI~aTI~C~I co~epmaH~e HI{. Ha  pacTBope ryMaTa aVO npo~cxoRnzm n p ~ f a ~ a ~ -  
TeJItaHO ,I~O 6 ~(nU, y BapvtaHTa na  n~rwaweztbno,~i pacxBope np~if;~tvt3vtwe~H, no ~o 9 ~ Boa- 
pacTa p a t t e r i n g .  PacTeHHg n e p e c a m e n n ~ e  ~a ryMaTa HaTpag Ha HHTaTeTIb~Mgt pacTBop 
~MeTI~ 6o~ee paan~Tym ~opHeBym C~CTeMy ~O cpaBneHmo c p a c T e ~ a M ~  B~panI~BaeM~Mg 
cnepBa na  ~HCT~X~HpoBa~HOH BoRe. ~Y- p a c T e n ~  s~pam~BaeM~x cnepBa 4 ~H~ Ha ~I~CT]~- 
~I~poBanHofi BoRe H nepecameuHux  Ha nmraTeJIbH~I~ pacTBop 1]~aBHo noBhtmaJIacs c~opocTB 
pocTa n 6aaro~pH~THUX yC~Oa~UX IIIITaHIIH B OTX~Rqge OT pac~eHn~ n e p e c a m e u ~ u x  c ~ c -  
�9 ~ p o B a n ~ o ~  s O ~  ~ m ~  Ha 6 ~ e ~ .  POCT noc~eRnHx npe~cpaT~c~ nocae  nepeca~RH 
~I ]]O306HOB~ITIC~I JImHh cIIyCTb~I 2-X J~HeBtIOrO JIar nep~o~a.  Y pacTen~fi nepecameHuux  

6 ~ a r o n p ~ T n u e  ycaoB~a n ~ T a H ~  C pacTBopa ryMaTa nawp~a npo~aom~a ~paTRoBpeMen- 
~a~ OCTanoBKa pocTa B 060~X ~apHaHTaX. 


