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Abstraet. Changes in the nucleic acid (NA) content were studied in roots of young wheat
plants cultivated under various nutritive conditions, namely in a nutrient solution, in distilled
water and in’'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
amount of the NA fraction investigated (more than 90 per cent of which is represented by the
ribosomal RNA) changed substantially under the cultivation conditions studied. In roots of one
plant cultivated in water the content of the NA fraction investigated was at the most about
25 ug and it began to decrease as early as from the second day of cultivation. After 12 days of
cultivation it decreased to 15 ug. When cultivated in Na-humate the roots contained at the
most 33 ug NA, between the 5th—7th day, followed by an intensive decrease after 12 days,
to 17 ug. The content of the fraction investigated in wheat plants cultivated in a nutrient solution
was about double the value in comparison to these two cases with the maximal value about
60 ug betweon the 7Tth—9th day. After 12 days this amount decreased to 45 ug.

The ratio between the growth rate and the NA content presented positive values only when
plants were cultivated in a nutrient solution and in Na-humate until the day when the NA con-
tent ceased to increase. In the case of Na-humate this took place on the 6th day and in the case
of a nutrient solution on the 9th day. Under conditions favourable for growth (in & nutrient so-
Iution and in field conditions) the precultivation of wheat plants in Na-humate resulted in a more
intensive growth of roots in comparison with the root growth of plants precultivated in distilled
water. In plants precultivated in distilled water for 4 days the growth rate continuously increa-
sed under favourable nutrition conditions in contrast to plants transferred from distilled water
as late as on the 6th day. Their growth stopped after the transplantation and was restored only
after a 2 day lag phase. On the other hand, in plants precultivated in Na-humate the transfer to
favourable nutritive conditions resulted in both cases in a short term 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 macroscopically 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: Viniéné 5, Praha 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 (CASPERssON and
Braxpr 1941, JEENER and BRACHET 1944 and othersas cited by KEpROV-
SKY 1951, Maator 1960, WILL1AMSON and Scores 1961, KJELGARD 1963
and others) and in algae (HERRMANN and ScEMIDT 1965, Poco et al. 1966
and others) and with higher plants (Heves 1960, WoopsTock and SKooc
1960, 1962, S1TNIK and MUSATENKO 1963, SiTvik 1964, IngLE and HagEs-
AXNN 1964, BrownN 1964, GiLes and MAYERs 1964, KEY 1964, MUSATENKO
and DzyUBENKO 1964, WALTON 1965 and others).

On the basis of other papers (ALI-ZADE 1959, BARKER and HOLLONSHEAD
1964, BaArRsKAYA and ORNINA 1959, MARcUS and FEELEY 1962, HOLDGATE
and GoopwiIN 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 CHRISTYEVA et al. (1967) have studied especially
the effect on DNA metabolism. They found that after treatment with humie
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 (FiaLovi and Smipovi, 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 (4x10-¢m
potassium) slightly stimulated the growth of shoots and roots of wheat
plants, while Na-humate (4 X 10-4M 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 whieh 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 nutrient solution and in Na-humate. This
comparison appeared to be necessary for the reason that Na-humate was
applied in an aqueous solution, so that plants probably grew under insuf-
ficient nutrient conditions. The influence of nutrient conditions on NA
metabolism was studied in a series of papers and it was found that starvation
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 BRANDT 1941, JEENER and BRa-
CHET 1944 and others as referred to by KEpROvVSKY 1951, TurkOovA and
MESHCHERYAROVA 1964 and others), but 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 (FiarovA 1968). With regard to the intention of our work
requiring specifically estimation of RNA 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 that of KERN (1960), by means of which it is possible to isolate the RNA
fraction which is represented probably by a substantial amount of the
ribosomal RNA from the root tissue analysed. Owing to the fact that this
RNA fraction was not contaminated by UV-light-absorbing substances it
was possible to estimate it spectrophotometrically.

Material and Methods

Seedlings of wheat Triticum aestivum L., cv. PySelka 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 cultivated 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 em, length of roots 4-5 cm.) were
transplanted in lots of 15 plantlets into glass cultivation pots containing
250 ml of the same cultivation 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,
at 50 —65 per cent relative air humidity and at a 16 hour illumination having
an intensity 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 etiolation, plants were grown
in the garden (in June). According to growth curves the 2nd, 5th, 7th and
12th day after planting the grains in Petri dishes were chosen as suitable
dates for the collection and analysis of plants.
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The cultivation solutions.

1. Knop’s nutrient solution containing in millimoles: 4-87 Ca2+; 4-79 K+;
0-81 Mg2+; 1-47 H,PO:~; 11-72 NO,~; 1-53 Cl-; 0-81 SO.2~; 0-062 Fe3+
per liter distilled water. Chemicals purchased by the firm “Lachema”
were used in this work. The nutrient solution was used diluted with water,
namely with 3 parts (quarter nutrient solution) or with 1 part (half
nutrient solution) of distilled water per 1 part of the nutrient solution.

2. Glass-distilled water. The electrical conductivity varied in the range of
values 45 —6-4 X 1076 Q~lem~1,

3. Solution of Na-humate in distilled water (100 mg humic acid dissolved in
2 ml 0-2 N NaOH and made up with distilled water to 1000 ml). The
humic acid originated from the preparation ‘“Humussiure”, Riedel & de
Haen, Hannover. The solution contained 4 X 10-4 M sodium.

The influence of cultivation conditions on growth was evaluated from the
length of the primary root, from the fresh weight of the entire root system
and from its dry weight. The results were statistically evaluated using t-test.
In plants cultivated 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-
RAXK et al. 1955).

Nucleic acids were isolated and estimated according to KERN’s procedure
(1960) as referred to in our previous paper (Frarovi 1968). For technical
reasons either roots of plants cultivated in distilled water and in Na-humate
or roots of plants grown in distilled water and in a nutrient solution were
[analysed simultaneously. In the first case roots of 255 plants grown in
distilled water and 193 plants grown in Na-humate were processed in one
analysis, in the second case roots of 135165 plants grown in water and
105 —135 plants grown in a nutrient solution. In addition 75 plants were
cultivated in each variant for characterization of growth.

The NA content was estimated from spectrophotometric measurements
using an MOM spectrophotometer and measuring tubes of 1 cm. It was
calculated according to Chargraff’s procedure as referred to by KEIL and
SormovA (1959). Since the specific phosphorus content of NA from wheat
roots was not known, for ¢P the average value was introduced from eP
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-
tivation 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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The fresh weight of roots increases by 70 per cent, the dry weight by about
50 per cent. On the other hand, no significant differences could be found
either in the total nitrogen content or in its distribution among individual
organs in comparison with organs of plants cultivated in distilled water
(Fig. 1).

The elongation growth and the fresh weight increase of roots of wheat
plants cultivated in an aqueous solution of Na-humate is of about the same
intensity as when cultivating them in a diluted (quarter) nutrient solution.
On the other hand the increase in dry weight of plant roots grown in a nu-
trient solution are lower than in Na-humate and only slightly and insignifi-
cantly higher in comparison with the variant with distilled water. The roots
of wheat plants grown in a nutrient solution increased in their length and

Table 1
Root growth of wheat plants cultivated in distilled water, in a solution of sodium humate and
in & nutrient solution {(number of repetitions given in Table 2)

A — Root length in em

Ageof H,0 Na — humate | 4 % Signifi- Nutrient d % Signifi-
plants %+ 5% X 4 sx to cance solution (1) to cance
indays H,0 X 4+ sx H,0
2 4-7 4 0-238 4-7 4 0-296 0 — 47 4- 0-685 0 —
5 8:0 + 0-506 117 4- 0-311 | 4 46| +++ 9-5 4 0-350 | + 18 —
7 84 4 0-271 152 + 0321 |+ 80| +4++ 129 4 0268 |4 53] -+
9 9-0 & 0-407 18-1'+ 0-083 | +105| +++ 14-9 + 0670 |+ 65| + 44
12 9-7 4 0-814 18-1 4 1-210 {4 97 ++ 19:4 4 0-500 | -+100| ++ 4
B — Fresh weight of roots of 1 plant in mg
2 324 4 1-44 29.7 4- 348 [— 5 — 30-0 4 0-500 |— 8 —_
5 52-3 4- 0-85 69-3 - 143 |+ 32| 4++ 559 + 2920 |+ 6 —
7 54-0 4 1-39 84-3 + 248 |+ 56| 44+ 807 & 0-894 | 4 50| 44+
9 55-7 £ 1-12 889 + 290 |+ 73| +4++ 86-2 + 2080 |+ 58| 44+
12 57-1 4 4-24 866 + 4-49 | 4 52 ++ 96-8 4- 3-560 |+ 69| ++ 4




C — Dry weight of roots of 1 plant in mg
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Fig. 2.

2 2-14 4 0-212 1495 4 0-192 | — 10 — | 192 0040 |— 7 —_
5 4-16 4- 0-108 495 4- 1050 |-+ 19 —_ 370+ 0173 [— 11 —
7 440 4 0155 | 60040195 |-+ 36 4+ +4+ | 51340236 |4 17| —
9 4-53 + 0-256 | 680 + 0387 |+ 43| +++ | 53040152 |+ 13| —
12 4-62 1 0-360 670 - 0-000 |4 46 ++-+ 603 + 0145 |+ 31 +
— = insignificant P < 59, +i = on tg: le\;elP‘of silgol/liﬁcance P> 59
= significant P > 19,
+ 44 = highly significant P > 0-19,
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Correlation between the rate of the NA 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.
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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 N A 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 NA 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
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Fig. 3. Diurnal increases in root length of wheat plants precultivated in distilled water (—-———)
and sodium humate (— — — —) and transplanted on the 5th day (A) and 6th day (B)

into a nutrient solution.



16 SVATAVA FIALOVA

transferred from artificial cultivation conditions, which were not suitable
for further cultivation of wheat plants because of the low light intensity
(900 1x), 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 me/Day
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Fig. 4. Diurnal increases in fresh weight of roots of wheat plants precultivated in distilled
water ( ) and sodium humate (— — — —) and transplanted on the 5th day (A)
and the 6th day (B) into a nutrient solution.
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Fig. 5. Diurnal increases in dry weight of roots of wheat plants precultivated in distilled water
} and sodium humate (— — — —) and transplanted on the Sth day (A) and
(A) and the 6th day (B) into a nutrient 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 precultivation in Na-humate became evident. The
values represent the average of two repetitions.

Diseussion

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 RNA metabolism, which has been proved to be closely connected with
growth (WoobpsTtock and Skooa 1960, KEy 1964, IngLE and HagEMAN 1964
and others).

Humus compounds could influence growth processes either by supplying
nutrients (nitrogen, iron and others), functioning as growth regulators, or
affecting the uptake and transport of substances physically as a colloid
organic compound (PRAT 1964). It is probable that these factors participate
side by side in a certain ratio.

The influence of nutritive conditions on NA metabolism was investigated
by some workers employing microorganisms chiefly as subjects, particularly
plants and microbes (CASPERssON and BrRANDT 1941, JEENER and BRACHET
1944 as cited by KepRrovsky 1951, and others). It follows from these studies
that under insufficient nutritive conditions the RNA content is limited
and proportionately the growth as well. This was found e.g. in yeast cul-
tivated in distilled water. Not even after the addition of phosphorus did
yeasts grow and their RNA content increase. After nitrogen was supplied
both the RNA and protein contents increased and cells grew intensively.
This proves a direct connection between nutrition conditions and the RNA
synthesis and the connections between RNA, protein synthesis and growth.
NeDHARDT and MacasANIK (1960) shed more light on the conception con-
cerning the connection between the RNA amount and the rate of growth by
finding that this relationship is true only for one type of RNA’s, namely for
the ribosomal ribonucleic acids. One can presuppose that 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 GoopwiIx (1965) and others observed
that during seed germination the NA content in vegetative tissue increases
and in reserve tissues decreases. Analogically Sormovi and Sorm (1954)
found that in pea seedlings NA content increases even when seedlings were
cultivated only in distilled water or even in the dark as well. But plants
cultivated in a nutrient solution and in light had a higher NA content.
A favourable effect of light on NA metabolism was reported also by ASEYEVA
and BrrozersKY (1957) who found that 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 contradietion to these results HoCcQUETTE et al. (1952) observed that
there was no change in the DNA content to be found in hypocotyles of bean
plants cultivated in distilled water for 10 days, but the RNA content decreased
even when plants were supplied with sucrose between the 8th— 9th day
of cultivation. Upon removal of cotyledons the RNA decrease accelerated.
According to the data of INeLE and HAaGcEMAN (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
that they were obtained using various methods, some of which have been
criticized lately (HoLDGATE and GooDWIN 1965, and oth.) but also from the
fact that 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 vegetative tissues was found after removing the storage tissues,
confirm the dependence of the NA metabolism on nutritients.

From this point of view results of Sormov4 and Sorm (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 Petri
dishes with 25 ml nutrient solution for 15 days at the illumination intensity
as low as 500 1x. But in their following paper published in 1956 the positive
influence on the NA metabolism by nutrition conditions was disproved by
the fact that plants grown in tap water after 15 days cultivation contained
a higher amount of RNA than was given by the authors in 1954 for plants
cultivated in a nutrient solution. Besides that plants sprouted from seeds
of a higher weight had a lower NA content (1954) than plants sprouted
from seeds of a lower weight (1956), which would be in disagreement with
the data of CHERRY (1963).

Apart from the fact that SorMovAi and Sorm(1954, 1956) used the method
of Ocur 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,
FrarovA 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 by roots. These organic substances could serve as
a suitable nutrition 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 that
in the NA content estimated in plants grown in the absence of chloramphe-
nicol the microbial NA’s participated. This possibility is supported by the
results of SEBESTA et al. (1966). They analyzed plants which were cultivated
in the same way.

According to our results the RNA content in roots of wheat plants cul-
tivated in a diluted (quarter) nutrient solution is about three times higher
than that from wheat roots cultivated in distilled water. Na-humate, ana-
logically to the nutrient solution, at first served as an activator of the RNA
accumulation but this influence was of a short-term duration probably limited
by the starvation of plants. This is confirmed by the fact that the RNA
content after 12-day cultivation in Na-humate was of the same level as
when cultivating in distilled water. If Na-humate has a nutrition effect then
this is only of a short-time duration indicating that its content of nutrient is
low. If it affects the NA synthesis then this probably brings about under
insufficient nutrition a limitation of other metabolic pathways. Intensive
NA synthesis would not be accompanied by equally intensive protein syn-
thesis, either by the increase of the protoplasmatic matter, or by 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 Na-humate 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 rcots
in both variants investigated was maximal, but also for the reason that
according to BOSEMARK (as cited by LiNDBLAD 1959), beginning from the
fifth day all reserve substances except nitrogen (probably the ergastic 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 precultivation resulted, after trans-
fer into more favourable nutrition conditions, in a growth retardation which
was more expressive than after the five-day precultivation 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, precultivated in distilled water. The connection between the
NA amount and the growth rate and its dependence on the nutrition con-
ditions is thus proved.

{References

ALBERT, L. S.: Ribonucleic acid content, boron deficiency symptoms and elongation of tomato
roots tip. — Plant Physiol. 40 : 649— 652, 1965.

BaRkER, G. R., HorrinsaEAD, J. A.: Nucleotide metabolism in germinating seeds. The ribo-
nucleic acid of Pisum arvense. — Biochem. J. 93 : 78— 83, 1964.

Brown, G N.: Ribonucleic acid characteristics and varying growth rates for Mimosa seedlings.
— Plant Physiol. 39, Supplement 1964.

CHERRY, J. H.: Nucleic acid changes in storage tissue of seeds during germination. — Biochim.
biophys. Acta 68 : 193—198, 1963.

Dvokdx, M., Smipovi, M., Seriig, I.: Praktikum rostlinné fysiologie I1. [Practice in plant
physiology.] Praha, 1955.

F1arov4, S.: The contribution to the estimation of nucleic acids in wheat roots. — Biol. Plant.
10 : 409—423, 1968.

Gries, K. W., MaYERs, A.: The role of nucleic acids in the growth of the hypocotyl of Lupinus
albus under varying light and dark regimes. — Biochim. biophys. Acta 87 :460—477,
1964.



20 SVATAVA FIALOVA

Herruany, E. C.,, Scamipt, R. R.: Synthesis of phosphorus-containing macromolecules during
synchronous growth of Chlorella pyrenoidosa., — biochim. Biophys. Acta 95 : 63— 75, 1965.

Heves, J. K.: Nucleic acid changes during cell expansion in the root. Proc. Royal. Soc. B
(London) 152 : 218—230, 1960.

Hocquerre, M., M)ONTREUIL, J., PaUL, S.: Variations quantitatives du phosphore total, du
phosphore das acidss ribo- et dsoxyribonucléiques dans I'axe hypocotyle de Phaseolus vul-
garis au cours ds la germination normale, du jeuane glucidique aprés ablation des cotyledons
et d> la régéneration cellulaire. — Compt. Rend. 235 : 1525 -1527, 1952.

HorpuaTe, D. P., Goopwin, T. W.: Metabolism of nucleic acids during early stages of ger-
mination process in rye (Secale cereale). — Phytochem. 4 : 845—850, 1965,

INaug, J., HageEman, R. H.: Studies on the relationship between ribonucleic acid and rate of
growth of corn roots. Plant Physiol. 39 : 730 —734, 1964.

Keir, B., 8>ruovi, Z. et al.: Laboratorn{ technika biochemie. [Laboratory techniques of bio-
chomistry.] — Nakl. (3AV, Praha 1959.

Kery, H.: Zur quantitativen Bastimmung von Nukleinséuren. — Planta 55 : 259 —273, 1960.

KEe3sner, B., Myy3znisg, 8. P.: Studies on the ribonuclease, ribonueleie acid and protein syn-
thesis in healthy and zinec dsficient citrus leaves. — Physiol. Plant. 12:1~7, 1959.

KEey, J. L.: Ribonucleic acid and protein synthesis as essential processes for cell elongation. —
Plant Paysiol. 39 : 365—370, 1964,

Kietupgarp, N. O.: Dynamics of bacterial growth. — Nyt Nordish Forlag A. Busck, Kobenhavn,
1963.

Linperap, K. L.: The influence of growth conditions on the amount and ribonucleic acid content
of whoat roots mitochondria. — Physiol. Plant. 12 : 400—411, 1959.

Maarer, O.: The nucleic acids and the control of bacterial growth. — Tenth symposium of the
Soc. Ganeral Microbiol. held at Royal. Inst. London, 1960

Marous, A., Feecey, J.: Nucleic acid changes in the germinating peanut. — Biochim. biophys.
Acta 61 : 830—831, 1962.

Nemw#aaroT, F. C., MacasaNIk, B.: Studies on the ribonucleic acid in the growth of bacteria. —
Biochim. biophys. Acta 42 : 99—116, 1950.

Poco, B. G. T., UBero, L. R., Pogo, A. O.: Nucleic acid and protein content of Euglena grac. in
diffaront growth madia. — Exp. Cell. Res. 42 : 68 —66, 1966.

Prdr, 8.: Humus a jeho v§znam. [Humus and its significance.] — Nakl. C(SAV, Praha 1964.

SEBESTA, K., Baurrov4, J., Sorvov4, Z.: Bacterial contamination as a source of error in the
estimition of DNA turnover in highsr plants. — Coll. Czechosl. chem. Commun. 31 : 2623
to 2323, 1986.

Sorvovi, Z., 8>rv, F.: O zm3nich v obsahu nukleovjch kyselin v klidnich rostlinkdch hrachu
setého v ranych fazich vyvoje a pod vlivem chloramfenikolu. [Changes in the nucleic acid
content in p2a ssadlings at early stages of dsvelopmant and under the influence of chlor-
amphanicol.] — Chemické listy 48 : 18421845, 1954.

Sorwova, Z., Sowv, F.: O zm3inich v obsahu kyssliny ribonukleové v desoxyribonukleové
v orginsch hrachu satého v prabshu vyvoje kliénich rostlin. [Changes in ribonucleic- and des-
oxyribonucleic acids content in pea during the developmant of seedlings.] — Chemické listy
50 :629—631, 19386.

‘Warrox, D. C.: Raguirem>nt for RN'A synthesis for initiation of growth in excised bean axes. —
Plant Physiol. 4) : Supplem>nt, 19865.

Wirnuiavson, D. H.. S8coees, A. W.: The distribution of nucleic acid and protein between dif-
feraat sizad yeast colls. — Exptl. Coll Ras. 2% : 151153, 1961.

‘Woopstook, L. W., Sroos, F.: Rolationship between growth rates and nucleic acid content in
the roots of inbrid lines of corn. — Am. J. Bot. 47 : 713—~718, 1960.

‘Woopstoek, L. W., Sgooa, F.: Distribution of growth, NA and NA-synthesis in seedlings roots
of Zea mays. — Am. J. Bot. 49 : 623 —633, 1962.

Anm-3anE, M. A.: IaMeReHNS B cONCPIKAHUH HYKJIEHAOBLIX KHCJIOT B CBA3HE C POCTOM HOYEK
® MoJtofsIXx noberos y uaifHoro Kycra. — (@usmoi. pact. 6 : 48—52, 1959, Avi-Zabe, M.
A.: Changes in the nucleic acid content in connection with growth of buds and young shoots
in tea plant.]

Aceesa, U. B., Benosepcunmil, A. H.: Bansirne cBeTa o ToJIogaHNA Ha OHOCHHTE3 HYKIIeMHO-
BRIX KHCJIOT B IpopocTax NmeHnna. — Becrank Mock. yu-ta 4, 17—23, 1957. [AsEvEva,
L. V., BELozERsKY, A. N.: Influence of light and starvation on nucleic acid synthesis in
wheat seedlings.]

Barckan, E. H., Oxamra, E. 3.: HywiIemnoBHe KHCIOTH B npomeccax (opMmposaHms



SODIUM HUMATE AND NUCLEIC ACIDS 21

7 pocra [BemsH] INIOMOBHIX KVABTYD. — Dmamon. pact. 6 : 98—99, 1859. [Barsrava, E.
1., OxNINA, E. Z.: Nucleic acids in morphogenesis and growth of seeds of crop plants.]

Kegrosckmit, B. B.: PunlonywiemaoBasia KucIOTa W ee POJIb B PasBHTHA B QyHKOUR
KieTKn. — Ycmexm coBp. Omoin. 31 : 38—56, 1951. [Keprovsky, B. V.: Ribonucleic acid
and its role in cell development and function.]

Korares, B. I'.: O moseacHuu HYKICHMHOBLIX KUCJOT W PACTERHER B YCJIOBHAX TOJIOTHOIO
o6mena. — JAH CCCP, 89 : 551—554, 1953. [KonNaRrEV, V. G.: Behaviour of nucleic acids
in plants unter starvation conditions.]

Konares, B. I'.: BamaAuwe HeJ0cTaTOYHOACTH NHTARHA HA COJICP:KaHEE M XapaxTtep pac-
npefiefieANs HYKICHHOBEIX AKNCIOT B CB3M ¢ WPOIECCAMA POcTa M TKaneBoll nnddepen-
nuanmn y pacreamit. — Tp. me-Ta ¢us. pact. mMm. K. A. Tummpasena, 8 : 209—311,
1954. [Kowarev, V. G.: The influence of nutrition deficiency on the nucleic acid content
and distribution character in connection with growth and differentiation in plant tissues.]

Kvpcanos, A., Buckresenrnesa, E., CeerankoBa, W., Kpacaenua, M.: Jlesopranmianus
aHepreTudeckoro oGMena B KOPHAX Npm wammitAoit ronogarnma. — JIAH CCCP, 162( ) :
211—214, 1965. [KursaNov, A., VYSKREBENTSEVA, YE., SVETNIKOVA, 1., KRASAVINA, M:.
Desorganisation of energetic metabolism in roots under potassium starvation conditions.]

Mycatenko, JI. U., JIswsenko, B. E.: Obmen asorcofepskauX BelecTB y pacTeHmir
¢ PasaMYHOil HHTEHSUBHOCTBIO pocta. — B 6. 1-A mayanas KoHQepeHNHs MOJIOJRX yde-
urix 6mosoros, Kues, AH YCCP crp. 34, 1964. [MusaTtenko, L. 1., DzyuBenko, V. E.:
Nitrogen compounds metabolism in plants with different growth intensity.]

Cmrenk, K. M., MycarEuxo, JI. U.: 3McHn BemicTy pnOoHyKIIeiHOBOT KACJIOTH y pocInH
3 pi3HOI IHTEHCHBHOCTIO PoCcTy. — YKpaincku# Ooran. sxypH. 20 : 7—13, 1963. [SiTN1x,
K. M., MusaTeENko, L. I: Changes in ribonucleic acid content in plants with different
growth intensity.]

Carangk, K. M.: Poxb HykaciHOBHIX KMCJIIOT B SIBAAX pocTa pocama. — Ykpainckumii Goran.
sKypH. 21 : 7—20, 1964. [Srrnik, K. M.: The role of nucleic acids in plant growth.]

TyproBa, H. C., MEmEParoBa, A. JI.: 3nauenne 06ecHeUCHHOCTH pAcTeHHH a30ToM 1 doc-
dopoM A AyKIIcmHOBOrO 0OMCHA B CBAI3W ¢ M3MeHeHUAMA pocra. — B ¢6. «Posib Mune-
PATIBHEIX 3JIeMCHTOB B 0OOMeHe BCINECTB M TNPOAVKTHBHOCTH pacTeHmi», cTp. 20—25.
Man. Hayka, Mocksa, 1964. [Turkova, N. S., MESHCHERYAKOVA, A. L.: Significance of
nitrogen and phosphorus supply in nucleic acids metabolism in connection with changes of
growth.]

XprcTEBA, JI. A.: O efl@HCTBE MeXQHU3MA BIHAHAA (ASHONOTHYECKA aKTHRHEIX BeMIeCTB. —
Tesmchl AOKAANOB HaywHOH KOH(. Mo mroraM Hayd. paGoTm J[HempomeTpos. cellhCKOX.
un-Ta, 1963. [CHrRIsTYEVA, L. A.: Unity of mechanism of action of physiological actives
substances.) )

Xructesa, JI. A., Conoxa, K. 1., Huaxnmaa, P. JI., Kopaaerxo, B. E., Torosasm, A. U.:
Bamanme ¢usmoytorndecKN aKTHBHGIX BEIIECTB I'yMyca MOYBW B yfaoOpenmi na mpespa-
LiCHZE HYKJIGMHOBHIX KHCJIOT, POCT PACTCHEN 1 NOcJIcfielicTBAEe UX HA CEMCHHBIC KAYCCTBa
B NoxojieAuAx. [CHRISTYEvVA, L. A., SorocHa, K. I., Dy~nrINa, R. L., KovarLenko, V. E.,
GoroBAYA, A. I.: Influence of physiological active substances of soil humus and fertilizers
on nucleic acids metabolism, plant growth and subsequent action of seed quality in further
generations.] In: Symp. “Humus et Planta’ sec. IV., Praha, September 18.—24. 1967.

Mxoneank, M. A., Maescras, A. 1., ConoBeEna, E. A., Rocuigin, A. B.: Bop n ayknen-
Aol o6Men. Pedep. mypH. 6 T, 68, 1963. [SaxorNig, M. Ya., MAvYEVsKAYa, A. L, So-
LOVYEVA, E. A., KosiTsyN, A. V.: Boron and nucleic acids metabolism.]

SvaTava Fiarov4, Katedra Fisiologie rostlin a pudni biologie Pfirodovédecké fakulty Karlovy
university: Vliv Na-humdtu a trofickfch podminek na ehsah nukleovyeh kyselin, zvlasté riboso-
malni ribonukleové kyseliny v kofenech pienice. — Biol. Plan. 11 : 8—22. 1969.

Studovali jsme zmény v obsahu nukleovych kyselin (NA) v kofenech mladych rostlin penice
péstované v rtznych trofickych podminkéch, a to v Zivném roztoku, v destilované vodé & v roz-
toku Na-humétu v destilované vods. Sledovali jsme zvl. zmény ribosomélni ribonukleové ky-
seliny (RNA) a jejich souvislost s rychlosti rustu. MnoZstvi sledované frakece NA (z vice jak 90%
ribosomélni RNA) se ménilo vlivem studovanych kultivaénich pcdminek dosti podstatné. V ko-
fenech jedné rostliny pé&stované v H,O byl obsah sledované frakce NA nejvySe kolem 25 ug
a zmen3oval se uZ asi od druhého dne st4f{ rostlin. Po 12 dnech kultivace poklesl na 15 ug. Pri
péstovani v Na-humaétu obsahovaly koieny nejvyde 33 ug NA, a to mezi 5. aZ 7. dnem, pak do&lo
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k prudkému poklesu, po 12 dnech a% na 17 pg. Vzhledem k témto dv@ma piipadim byl obsah
sledované frakco v kofenech plenice péstované v Zivném roztoku zhruba dvojndsobny, s maxi-
milni hodnotou kolem 60 ug mezi 7. aZ 9. dnem stédfi. Po 12 dnech se toto mnoZstvi zmensilo
na 45 ug.

Pomdr mezi rychlosti ristu a obsahem NA vykazoval kladné hodnoty pouze pfi péstovani
v %ivném roztoku a v Na-bumétu, a to do dne, kdy se pfestal zvySovat obsah NA. V piipadd
Na-humaétu to bylo asi do 6. dne a v pfipad$ Zivného roztoku asi do 9. dne stafi rostlin. V podmin-
kdch piiznivych pro rtst (v Zivném roztoku a ve venkovnich podminkach) se predpéstovani
plenice v Na-humétu projevilo intenzivnéj$im rustem kofen ve srovnéni s rustem kofenl
rostlin predpéstovanych v destilované vod®. U rostlin piedpéstovanych v destilované vod$
4 dny se v pfiznivych trofickych podminkdch plynule zvy3ovals rychlost ristu na rozdil od rost-
lin piesazenych z destilované vody a# 6. den. Jejich rist se po plesazeni zastavil a k obnovd
doslo a% po lag-fazi asi 2-denni. Naproti tomu se u rostlin pfedpdstovanych v Na-humétu pro-
jevilo pFesazeni do pifznivych trofickych podminek kratkodobym zastavenim rustu, a to v obou
ptipadech.

CpataBa Omanosa, Kadegpa ¢msmosorum pactermit m Omomormm nousel, daryabTeT
ecTecTBO3HaHHA HKapaoBa yAmBepcurera, Ilpara: Bawanme-maTpmii-rymara 1 ychoBuii nm-
TAHAJI HA CONEepPHKAHHEe HYKICHHOBBIX KHCIOT R OCOOEHHOCTH pubocoMANbHOH pHGoHYKIem:
#0BOIi KNCAOTH! B KOPHAX mmennnbl. — Biol. Plant. 11 : 8—22, 1969.

UccnemoBaaucy m3MeHReHHA cONepiRaHmA HyKiIennoBhX kucllor (HH) B KopHAX MoAOHEIX
pacTenmi NUCHENH BLIPAWIBACMEX IPE PA3MUTHNX YCIOBHAX NUTaHAA a HMEHHO, B IIUTa-
TeJIbHOM PacTBOpe, B JUCTHINIMPOBAHHOM BOJe M B PACTBOPe ryMaTa HATPHA B NHCTHJLIAPO-
BaHHOH Bojle. Mbl mccsegoBann B ocoGennocTm m3MeHeHEA pr030MasbHON pHOOHYHIIEH-
HOBO# Kucsorht (PHHK) # #X ¢BsA3h ¢O CKOpOCTHIO pocta. HoAddecTBo meciiefoBaHHEON PpaK-
mar HK (cocrosnmeit 6osee wem Ha 90 9, m3 pmdosomanproil PHH) maMensaocs noj Bimd-
HEEM YCHOBIMI KyJIbTHBAIMMA JOBOJIBHO CyiecTBeHHO. IIpn BRpamuBanma pacTeHHH Ha YHAC-
TOH Bofle comeprxanme HccllefoBanHol ¢paxmmm HE cocrapnsano me Goxee 25 MKr Ha OXHO
pacTeHne ¥ CHEPKAJOCH YiKe IOYTH OT BTOPOTO AHA Bo3pacra pacrenmii. Cnycra 12 aped
‘0T HaYa/1a BHIPALNEBAHEA OHO CHH3MAOCH A0 15 Mir. IIpm BHpaluBaHAM pacTeEMd Ha pac-
TBOpe ryMara matpmsa namGombmree cogepsxanne HK B kopmax, 33 Mur, orMedeHO B nepHOR
mexny 9—7 paem. Ilocite aToro npomsounto cEmxenue fo 17 Mxr Ha 12 mens. [lo cpaBEERMO
'C 9THMH ABYMsS BapHAHTAMM DacTeHHS BLIDAIEBaeMhle Ha HHETATEJILHOM PacTBOPE IMENH
BaBoe Gommee coxep:kanme HK ¢ Marcmmymom oxroso 60 Mer Ha 7—9 mens. B Bospacte 12
nreit cogepxanme HK cHm3mmochk 1o 45 MKT.

OTHOmEHHme MemIy CKOPOCTHIO pocTa H cofiepskamgeM HH Gsuro noso:suTesIbHEIM JIHIID
OpH BHPAIMBAHAN B INHTATEJIHOM PacTBOpe M HA pacTBOpe I'yMaTa HAaTpHA [0 JHA, KOr/a
nepecTano noBLmaTbes codepxarme HK. Ha pacrsope rymata 510 nponcxonuaa npubmusn-
TeIbHO A0 6 JHs, ¥ BapHaHTa HA HNATATENHLHOM PAacTBOpe NpUOIMsHTenbHO A0 9 MHA BO3-
pacra pacTeEmit. PacTeHEA NepecasKeHHBle M3 T'yMaTa HATPHA HA NHATATEALHEIX PacTBOP
BMeAR 50J1e¢ PASBATYIO KOPHEBYIO CHCTEMY HO CPABHEHHIO ¢ PACTEEHAME BLIPAIHEBAEMEIME
cHepBa Ba QHCTHIIAPOBAHHON Bofe. ¥ pacTeHHH BEHIpAmMUBaeMHIX CIePBA 4 JHA HA THCTHII-
JEPOBAHAOH BOJie W NepecakeHHLIX HA ETATeILHEIA PAcTBOP INIABHO NOBEIINANIACH CKOPOCTh
pocra B GHaroNpHATHRIX YCIOBHAX NNTAHWA B OTIAMIHE OT pacTeHHii HepecaKeHHHX C JHC-
TIJUINPOBAHECOHE BONGI Jub Ba 6 JeHb. PocT HOciefHHX OpPEeKPATHICA HOCHe Hepecaixd
7 Bo306GHOBHICH JIMWL coycThA 2-X JHEBHOTO Jar MepHOfa. ¥ pacTeHmil mepecakeHHBIX
B GaronpuATHEE YCIOBAA NATAHAA C PACTBOPA I'yMaTa HATPHA NPOM30ILIA KPaTKOBPeMeH-
#as 0CTAHOBKA POCTA B 060MX BapHAHTAX.



