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Abstract.  The  ac t ion  of zinc on  t he  g r o w t h  of  ba r ley  a n d  t he  b io syn thes i s  of  indol  c o m p o u n d s  
a n d  gibberel l in- l ike s u b s t a n c e s  was  i nves t i ga t ed  in a n u m b e r  o f  c o n c e n t r a t i o n s  of  zinc f rom 
doses  s t i m u l a t i n g  g r o w t h  to  tox ic  doses.  The  seeds  were soaked  before sowing  in  so lu t ions  o f  
zinc s u l p h a t e  (5 .  10 -5 to 5 .  10-1% Zn),  a n d  t he  p l an t s  cu l t i va t ed  for 7 d a y s  in water .  Lower  
concen t r a t i ons  of  zinc increased  b o t h  p l a n t  g r o w t h  a n d  t he  b io syn thes i s  o f  t r y p t o p h a n  a n d  
aux ins .  A t  t h e  o p t i m u m  concen t r a t i on  of  5 . 10-3% Zn  th i s  increase  in t r y p t o p h a n  a m o u n t e d  
to 241~o of  t he  v a r i a n t  w i t h o u t  zinc; in s u b s t a n c e s  w i th  a n  R F  cor respond ing  to indo lyaee t ie  
acid, t h e  increase  d e t e r m i n e d  by  t he  biological tes t ,  was  207% as aga in s t  t he  v a r i a n t  w i t h o u t  
zinc. H i g h e r  concen t r a t ions  of  zinc inh ib i t ed  growth ,  the  t r y p t o p h a n  c o n t e n t  was  dec reased  
to below t h a t  of  t he  control  w i t h o u t  zinc a n d  t he  a u x i n  c o n t e n t  also fell to be low the  cont ro l  
va lues .  Zinc also inf luenced t he  c o n t e n t  of  gibberel l in- l ike s u b s t a n c e s  in t he  p lan t s .  A t  a con- 
cen t r a t i on  of  5 . 10-3% Zn  t he  increase  in t he  g rowt h  ac t iv i ty  in the  gibberellie acid a rea  of  t h e  
c h r o m a t o g r a m  was  2 9 4 % o f  t he  v a r i a n t  w i t h o u t  zinc. A t  toxic  concen t r a t i ons  of zinc,  t he  c o n t e n t  
o f  gibberel l in-l ike s u b s t a n c e s  fell to below t h a t  of  t he  controls .  The  f inding t h a t  zinc ac t s  s i m u l t a n e -  
ous ly  on t he  b iosyn thes i s  of  a u x i n s  a n d  gibberel l ins  is also evidence  for t he  c o m m o n  ac t ion  o f  
g r o w t h  s u b s t a n c e s  o f  va r ious  chemica l  t ypes  on  p l a n t  g rowth .  

Tile connection between inorganic ions and growth substances is still to 
a large extent an open question, which, according to T~MANN (1963) in his 
critical review of thir ty years of research in growth substances, deserves 
increased attention even today. 

In investigating the effect of zinc (Zn) on the metabolism of indoles, we 
based our work on the observations of SKOOG (1940), TsuI (1948), ]~ASON 
(1950) and SHKOL:NIK et al. (1964). These authors found that,  in the'presence 
of zinc deficiency, the content of indol auxins falls in experimental plants 
and algae. The fall in the auxin content was ascribed to a decrease in the activity 
of tryptophan-synthase which is evidently a Zn-proteid (NAso~ 1950). 

We also devoted our attention to gibberellins. There have so far been no 
reports in the literature on a direct connection between zinc and the metabolism 
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of gibberellins. DA~GER (1959) and Loos (1953) reported the synergistic effect 
of zinc and gibberellins on the growth of experimental plants. 

The aim of our work was to determine the effect of zinc on the metabolism 
of indoles and gibberellins in barley. We did not work with plants deficient in 
zinc but, on the contrary, investigated the effect of external doses of zinc, 
primarily doses which have a stimulating action up to doses having a toxic 
effect on the growth of the experimental plants. 

Material and Methods 

Barley seeds (Hordeum vulgare L.), Valticks variety, were sterilized by  
70% alcohol. After rinsing with deionized water, the seeds were soaked in 
water solutions of ZnSO 4 p.a. with increasing Zn content: 5 . 1 0  -5, 5 . 1 0  -4, 
5 . 1 0  -3, 5 . 1 0  -2 and 5 . 1 0  -J ~ Zn. The seeds were soaked in the zinc solution 
for 12 hours. After rinsing with water they were planted in Petri dishes, 
50 in each dish, on round filter papers prepared with hydrofluoric acid. After 
the addition of deionized water, the seeds were allowed to germinate in the 
dark, then they were cultivated at laboratory temperature under the illumina- 
tion of 12 fluorescent lamps (alternately Tungsram Natural  white 07 - -  40 W 
and Phytor  ACEC 40 W) at a distance of 24 cm. Seven days after sowing, 
the plants were processed, measured, extracted and their dry weight de- 
termined. The plants were at the stage of the first leaf. Deionized water was 
prepared by  running distilled water over a katex column in H-cycle. The 
quality of the water was controlled by  dithizone. 

The Zn content was determined by  the polarographie method described by  
~)LETICHA (1957) in the ash of seeds soaked for 12 hours in solutions of zinc. 
The germination energy and germination rate after the application of the 
different doses of zinc were determined after 4 and 7 days, the dry weight 
of the overground parts was determined in 7-day plants. 

Tryptophan was determined by  a modification of the method of Ko~Tif~ 
and VALE_~TA (1963). A weighed sample of overground parts of the plant was 
thrown into boiling methanol. After two-minutes boiling, the sample was 
removed from the heat source. After cooling, the plants were homogenized 
and the homogenate made up with methanol to a given volume (one part  
by  weight of plant material to 3 volumes of methanol) and centrifuged. Equal 
volumes of the supernatant (usually 20 tel) were placed on thin-layer chromato- 
graphic plates from Silikagel G (according to STAHn; MERCK and Co.). The 
chromatogram was developed in a system suitable for the separation of hydro- 
philic indoles: n-propanol-methanol-ethylacetate-glacial acetic acid 5: 5 : l 0  : 1. 
Standard t ryptophan was detected by  the Prochs reagent: formaldehyde- 
hydrochloric acid-ethanol: 1 : 1 : 2. The parts of the silieagel containing the 
chromatographically separated t ryptophan were scraped off into a test tube. 
Ko~ti~'s reagent, prepared by  mixing 1.5 ml water, 0.5 ml formaldehyde 
and 3 ml. concentrated sulphuric acid, was added directly to the powder. 
The separate reagents must be added in the order given. The samples were 
heated in a water bath for 15 minutes. After cooling and eentrifugation, the 
fluorescence of the sample was measured on a Pulfrich fluorimeter using 
field 5c and cuvettes 1 cm wide. This method of determining tryptophan 
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can be used within the limits of 0.5--20/~g; the error of the determination 
is • 10%. 

The extracts of growth substances were prepared by  a modification of the 
method used in Laz~G's laboratory (1961). The plant material (1 g overground 
parts of the plant) was rapidly pounded with the addition of a double' volume of 
cooled methanol - -  calculated on the basis of the fresh weight of the sample 
(volume/weight). The homogenate was placed in an icebox and left there for 24 
hours. I twas then filtered through a Btichner filter under a vacuum. The non- 
dissolved residue was rinsed three times without a vacuum in a double volume 
of methanol - -  related to the original weight of the sample (volume/weight). The 
methanol extracts were put  together and evaporated in a stream of air up 
to the complete precipitation of the chlorophyllic substances in the sample. 
The water  soluble residue was acidified to p H  3, saturated with sodium chloride, 
shaken 6 times with ethylacetate (1 vol. of ethylacetate to 1 vol. water residue). 
The ethylacetate extracts were pu t  together and evaporated in a stream of 
air to a small volume. The concentrated ethylacetate extract was then shaken 
6 times with an equal volume of phosphate buffer p H  8. The water extracts 
were pu t  together and acidified again to p H  3, saturated with sodium chloride 
and 6 times shaken with the same volume of ethylacetate. The ethylacetate 
was evaporated in a stream of air. The residue was finally dissolved in a known 
volume of ethylacetate and the ethylacetate extract was put  in equal volumes 
corresponding to 250 nag fresh weight of plant material on Whatman 1 chro- 
matographic paper. All operations were carried out as fast as possible under 
weak indirect illumination. 

The hydrophobic acids and neutral indoles present in the extract  of the 
overground parts of  the plants were separated by  paper chromatography in 
a system of isopropanol-- conc. ammonia- -  water 10 : 1 : 1. After the complete 
evaporation of the solvent (at least 24 hours) the chromatogram was cut  
according to the R F  values and the single segments were evaluated by  the 
test with sections of wheat eoleoptiles (Ka~tick~ osinatka) in the arrangement 
suggested by  NITSC~ and NITSCH (1956). All results are the average of at  
least three separate experiments always carried out in double parallel; an 
amount  corresponding to 250 mg fresh weight of plant material was always 
placed on each chromatogram. 

The gibberellins were also separated in a system of isopropanol-amonia- 
water  10 : 1 : 1. The sections of  the chromatograms cut according to the RF 
value were evaluated b y  the test  with lettuce hypocotyl  (Stupick3~ kamens 
in the arrangement of t~K~r , ]~  and T~,LTSCg~OVX (1963). lq'RASZKSA~D and 
WAREIZ~G (1961) drew attention to the possibility of using lettuce as the test  
object. In this case also the resulting graphs are the average of three separate 
experiments in two repetitions. Amounts corresponding to 250 mg fresh 
weight of plant material were placed on each chromatogram. 

Results 

Zinc content of barley seeds after the appHeation of solutions of zinc, 9erInination energy 
and 9ermination rate of the seeds, dry weight of the plants 

The results of the polarographic determination of zinc in seeds after being 
soaked in zinc are given in Tab. 1. The seeds contained 2.35% ash at an average 
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water content of 5"9~/o in the seeds. As would be expected, the zinc content 
of the seeds increased with increase in the concentration of zinc used, but 
the absolute amount of zinc taken up was small. 

Table 1 

Zinc content  in barley seeds after soaking in solutions of ZnSO, for 12 hours  

Cone. of ZnSO4 
solution in % Zn 

Control seeds 
5 . 1 0  -~ 
5 . 1 0  -4 
5 . 1 0  -3 
5 .  i0 -~ 
5 . 1 0  -x 

Zn content  of seeds in rag% 

Fresh weight 

2.0 
2.8 
3.7 
6.2 

11.2 
25.2 

Dry  weight  

2.1 
3.0 
3.9 
6.6 

11.9 
26-7 

Table 2 

Effect of zinc on germinat ion energy, germination rate and  dry weight  of barley 

Cone. of ZnSO4 
solution in % Zn 

Control 
5 . 1 0  -5 
5 . 1 0  -4 
5 . 1 0  -S 
5 . 1 0  -~ 
5 . 1 0  -1 

Germination 
energy in % 

92 
96 
95 
95 
95 
65 

Germination 
rate in % 

97 
97 
97 
97 
97 
91 

Total yield dry 
weight  of 7-day 

plants  f rom 
50 seeds in g 

0.313 
0.319 

0.360 

0.293 

Dry  weight of  
7-day plants  

in% 

10.35 
10.43 
10.10 
9.91 

10.77 
12-90 

Data on the germination rate and germination energy of seeds is given 
in Tab. 2, which also records the 7-day dry weight of the plant. The germination 
energy decreased only in the highest concentration of 5 .10  -1% Zn; in the 
subsequent days, however, the germination rate almost evened out. The dry 
weight showed a certain dependence: it was lowest in the zone of growth 
stimulation by zinc, highest with toxic concentrations of zinc, where, however, 
the total yield was decreased. These changes in dry weight can be explained 
by the formation of auxins (in dependence on the zinc concentration) which 
increase water uptake. 

[Effeet of z inc  on plant 9rowth and its tryptophan eontent  

The height of the plants (first leaf) was measured 7 days after sowing (Fig. 1). 
The tryptophan content of the overground parts of the plants was also de- 
termined (Fig. 2). The shape of the two curves is to a certain extent similar. 
~Iaximum growth stimulation occurred in the range of concentration of Zn 
of 5.10 -3 ~o; at this concentration of zinc there was also the highest tryptophan 
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content in the plants. I t  was surprising to find a decrease in the t ryptophan 
content in toxic doses of zinc (5 .10  -1% Zn) even to below its concentration 
in control plants without the addition of zinc. 

~f 2  

~ 8  

o "-'i'F- s.'~' 5.fO ~ 5.~0 "~ 5. fO "~ 5JO" 
%Zn 

Fig. 1. Effect of increasing zinc concentrations on growth in barley. The length of the  first leaf 
(in ram) of the  7-day plants  was measured. The seeds were soaked in ascending concentra- 
tions of zinc for 12 hours before sowing. 
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Fig. 2. Effect of increasing zinc concentrat ions on t ryp tophan  content  (in nag %) ofoverground 

par ts  of 7-day barley plants.  

Effect of optimum and toxie eoneentration of zinc on auxin conten{ oI barley plants 

The effect of zinc on the auxin content (Fig. 3) was investigated in two ex- 
treme concentrations, i.e. in the concentration found to be optimum for 
growth and for the increase in the content of t ryptophan (5 .10  -3 % Zn) and 
in the concentration which caused growth inhibition and decreased the trvpto- 
phan content of plants (5 .10 -1% Zn). As a result of the manner of preparation, 
the extracts contained predominantly the hydrophobie acid fraction of auxins. 
In this series of experiments, the stimulation zones on the chromatograms in 
the isopropanol mixture were basically three: the first, less marked near the 
start,  the second more marked in the range os RF 0.4--0.5, which corresponded 
to the position of indolyl~cetic acid (IAA) on the chromatograms, and finally, 
the third in the range of RF 0.8--1.0, whose polarity corresponded to that  
of indolylacetonitrile on chromatograms. The optimum concentration of Zn 
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(5.10 -3 ~ Zn) was accompanied by a marked increase in the content of the 
fraction corresponding to the position of IAA on the chromatograms (in this 
series of experiments it was up to 207% of the variant without zinc). This 
difference is statistically significant as against the variant  without zinc 
(P ( 0 . 0 5 ) .  The content of the hydrophobic auxin fractions (RF 0.8--1.0) 
showed a less marked change from the effect of zinc, but  it was also statistically 
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Fig. 3. Effect of op t imum and  toxic zinc concentrat ions on indoleauxins in bar ley .Chromatogram 
in sys tem isopropanol-:NI-Ia-water 1 0 : 1 : 1  were evaluated by  tes t  with sections of 
wheat  coleoptiles. F rom the left: control solutions of IAA A) chromatogram of aux ins  
of control p lants  with residual Zn content ;  B) experiment  with 5 . 10 -a % Zn; C) ex- 
per iments  with 5 . 10 - 1 %  Zn. 

significant. The toxic concentration of zinc (5 .10-~% Zn) was accompanied 
by a decrease in the auxin content in the IAA zone of the chromatogram 
to below the level of the control (65% of the control). The difference in the 
fraction corresponding to IAA on the chromatogram (according to the position 
of the I~F) and of the hydrophobic fractions (I~F 0.8--~).9) were not sigaificant 
in relation to the variant  without zinc. 

Effect of opt imum and toxic concentrations of z inc on 9ibberelin eon tent of barley plants 

As in the case of indole auxin, the effect of zinc on the gibberellin eonten t  
(Fig. 4) of 7-day barley plants was determined after the application of optimal 
concentrations of zinc (5.10 .3 % Zn) and of toxic concentrations (5.10 -1% Zn). 
The chromatograms in the system isopropanol-NH3-water, evaluated biologic- 
ally (test with lettuce hypocotyls), showed two main zones of gibberellins: 
the first less marked in the position I~F 0.210.4, which corresponds to the 
position of gibberellin A2, A6 and AS, and a second significant zone in the 
position RF 0.5--0.8, corresponding to the position of gibberellin A1 and A3 
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The optimal concentration of zinc led to a significant increase in the content 
of the fraction corresponding, according to the RF, to gibberellins A1 and A3, 
in this series of experiments (295% of the content of the variant without zinc). 
This increase above the variant without zinc is highly significant (P ~ 0.01). 
With toxic concentrations of zinc, there was again a decrease in the component 
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Fig. 4. Effect of optimum and toxic Zn concentration on gibberellin-like substances in barley. 
Chromatogram in system of isopro.panol-NHs-water 10 : 1 : 1 was evaluated by test  
with lettuce hypoeotyl. 
From the left: control GA 8 solutions; A) chromatogram of gibberellins of control plants 
wi th , res idual  Zn content; B) experiment with 5 . 1 0  -8 ~o Zn; C) experiments with 
5 . 10 - I  % Zn. 

corresponding to the position of gibberellins A1 and A3 to a level only slightly 
below that  of the control (88% of the control). In  toxic concentrations of zinc, 
the difference in the content of the fraction corresponding to the position of 
gibberellins A1 and A3 between treated and untreated seeds is not  significant. 

D i s e u s s i o n  

The experiments, showed that  the increase in growth by the effect of zinc 
(compare DosTXr~ 1946) observed in barley was accompanied by an increase 
in the t ryptophan level a n d  also i n  the indol growth substances evaluated 
by  biological test. In  toxic concentrations of zinc, growth was decreased in 
parallel with: a decrease in t ryptophan and auxins. This observation supple- 
ments  the previous observations on the action of zinc on indole metabolism 
in plants, made mainly by the s tudy of zinc deficient plants (SKOOG 1940, 
TsuI  1948). According to these papers, zinc occupies an exceptional position 
in relation to indol metabolism, more marked than that  of other bivalent 
cations. I t  is assumed that  t he  effect of zinc lies in its function as an activator 
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of the tryptophan-synthetizing enzyme (indol + serin -~ tryptophan) (NAso~ 
1960, NAso.~, KA~LA~ and COLOWlCK 1951). A less probable explanation of 
the raised t ryptophan content in plants carrying out  photosynthesis would 
be the intensification of the hydrolysis of proteins by  the action of zinc. 
We were surprised that  relatively higher doses of zinc, acting as activator, had 
an inhibitory effect on the biosynthesis of tryptophan. The explanation that  
this amount  of zinc is directly destructive for plant protein or enzymes is 
improbable, since only a relatively small amount of zinc (maximally 11.5 #g Zn 
in seed), gets into the seeds, which is then many times diluted b y  7-days 
of growth and increase in plant substance. NAso~, KAPLAN and COLOWlCK 
(1951) using a preparation from Neurospora, also found that  higher concentra- 
tions of zinc decreased the activity of the tryptophan-synthetizing enzyme. 
Further  references to the inhibitory action of higher concentrations of cations 
on the activity of enzymes can be found in the literature. We are of the opinion 
that  there are two hypotheses which could explain the experimental facts: 
a) zinc with its high complex-forming power, saturates further centres of 
t ryptophan synthetizing enzyme and leads to inhibition, b) zinc in higher 
concentrations or other elements inducing disturbances in electrolytic equilibri- 
um react generally with proteins, or with other enzyme systems which interfere 
with the synthesis of tryptophan. These problems will be studied further. 
In any case, the action of zinc on plant growth is a complicated process: 
the mere synthesis of t ryptophan is only a partial reaction, as shown by  the 
results with determining the gibberellin content. 

We have found no reference to the effect of zinc on gibberellin content in 
the literature. In making a critical evaluation of our results on the influence 
of gibberellin content by  zinc we must  bear in mind that  data on gibberel- 
lins based are only on a biological test and are loaded with all the uncertainties 
of such a method. In this connection, however, we permit the greater optimism 
of the observations of Jo~Es, MACMILLAI~ and l~ADLEY (1963), who isolated 
a substance from barley and grasses which, on analysis, showed identical 
physico-chemical and biochemical properties to those of gibberellic acid. The 
effect of the concentration of zinc in our experiments was marked, and the 
tendency to an increase in the concentration of gibberellin-like substances 
determined by  the biological test was the same in relation to zinc concentration 
as that  of indoles. The s tudy of enzymes effecting the biosynthesis of gib- 
berellins in plants is still little developed and, therefore, the role of zinc in 
the mechanism of biosynthesis cannot now be established. Three basic ex- 
planations can be conceived: a) zinc activates the enzyme system synthetizing 
gibberellins, b) the increased indolelacetic acid content and not that  of zinc 
directly induces gibberellin biosynthesis. At present, we incline to this ex- 
planation (01)LI~TILOV.~, KVT).SEK, unpublished experiments), c) a modification 
of the second variant that  zinc does not influence the gibberellin level via 
indolelacetic acid, but  directly via the genetic system controlling the bio- 
synthesis of both auxins. The reports that  the ions of heavy metals, including 
zinc affect the genetic material (GLASS 1955, ~'~OUTSCHEN-DAHMEN and MOUTS~ 
CHEN-])AHMEN 1963) may  have some bearing on this problem. 

The observation that  zinc increases the biosynthesis of indole auxins and 
gibberellin-like substances simultaneously is an interesting proof of the inter- 
relations of the two t)Tes of growth substances; the interreaction of the indole 
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auxins and gibberellins has already been studied by physiological methods 
(e.g. B ~  and HEMMING 1957, GALSTO~ and McCu~E 1961, KEFFO~D 1962). 
KU~AIS~I and Mum (1962) found that after the application of gibberellin A3 
in the pea, the level of diffusible auxin in the plants is increased (see also 
HAL~VY 1963, G~ESgUC~KOV et al. 1964). The discovery of a synergie 
effect of zinc on the biosynthesis of the indoles and gibberellin-like substances, 
is also one of the direct analytical proofs in support of the hypothesis that the 
growth process is directed by the mutual action of a complex of auxins of 
various chemical types (see T H I ~ N  1963, for example). 
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Vliv zinku na rflst je6mene a biosynt6zu indolov:~ch l~tck a giberelinflm podobn~ch ls 
byl sledovs v ~ad6 koncentracl zinku od dgvek stimula6n6 na rflst pflsobiclch as po dgvky 
toxick6. Obilky byly mgSeny p~ed vys~zenlm v roztocich siranu zine6nat6ho (5. 10 -~ a~. 
5 . 10 -~ ~ Zn), rostliny byly p6stovAny po 7 drift ve vod6. U ni~gich koncentrael zinku zv#~il 
se jak rflst rostlin, t~k i biosynt6za tryptofanu a auxinfl. PH optimAlni koncentraci 5 . 1 0  -a % Zn 
6inil tento vzrflst u t ryptofanu 241% varianty bez zinku, u 1Atky stanoven6 biologick#m testem 
a odpovidajlcim sv:~m 1~ F kyselin~ indolyloetov6 207 % varianty bez zinku. Vy~irni koncen- 
tracemi zinku byl rdst  brzd6n, obsah tryptofanu se sni~il a~ pod hodnotu kontroly bez zinku, 
rovn6~ i obsah auxinfl poklesl pod hodnotu kontroly. Zinek ovlivnil t6~ obsah giberelinflm podob- 
n39eh 1Atek v rostlins Tak u 5 .  10 -a % Zn 6inilo zv#~eni rflstov6 aktivity v oblasti kyseliny 
giberelov6 na ehromatogramech 294 % varianty bez zinku. P~i toxick6 koncentraci zinku obsah 
giberelinflm podobn39ch lgtek op6t klesal a~ pod hladinu kontroly. Zjigt6ni, ~e zinek pflsobi 
sou6asn6 na biosynt6zu auxinfl a giberelinfl, je rovn6~ dokladem o spolupflsobenl rflstov:~ch 
l~tek rhzn~Tch ehemiek#ch typfl pH rflstu rostlin. 

H. MAHIEB, M. I~YTAqEK, ArpoxHMHqecKoe OT~[eJIOHHe BIJCllIekI ceJIbCKOXO3~I~CTBeHHO~I 
mtcoJISI, IIaoB~nB, Boarapgu ,  I/IHCTHTyT ~cnepnMeHwaoa~HOf~ ~OTaHHt(H HCAH, ow~e:IeHHe 
pa~no6noaorng,  I Ipara:  BananHe annua  na 6nocnnTea TptmTodpana, |ln~OilbHbIX ayucmma 
u rn f f epeaannoB y aqr~ena. - -  Biol. P lan t .  8 : 142--151, t966. 

BnngnHe ~gH~a Ha pOeT flqMeHfl I/Ha 6HOCHHTe3 I/IHIiO+~IbHIJ/X H FII6~epeJIjIHHOBI, IX BellIeCTB 
HCcJIeAOBaJIocb B p~uly HOHKeHTpaRIll~ I[HHH30T JIO3 CO CTHMNaI~IRHOHHBIM ~0 ~03 C TOHCH- 
qecI~I4M ~e~ICWnlleg. CeMeHa ~aMa~HBaa~ICb nepeA noceBoM B pacT~opax cepnoK~eaoro 
ImaKa (5 . t0 -5 ~o 5 . 10-1% Iron,a) ,  pacTenna BL~pamHBaaHC~ 7 ~Hefi B BO~Ie, tia ~HJlb- 
TpoBaaLnofi 6y~mre. I Ipu ~Ha~nx I~OHIIenTpaI~HgX ~HHI~a noBbICHaCa pOCT pacweHnfi ]ff 0HO- 
CIIHTe3 wpnnTo~pana ~ ayucnnou.  IIpH OnTllMaJIbltO~I ~om~enwpa~H~ ~nmca - -  5 . 10-a% --- 
nOB~imeHne COCTanaa~o 241% sapna~Ta Sea ~Hmr 207 % napnasTa Sea ~Hnna y BemecTBa 
onpe~eaen~oro 5HOTeCTOM ~ COOTBeTCTBymmero nO RF I4u Bozee B~COUnMH nonaeHTpa- 
~maM~ ~mHna TopMoaH~eff pOeT, nonH3HaOCb co~epmanne TpHHTO~)aHa ~nme anaqe~ua 
~onTpoaa 6ca Imm~a, co~Iepman~e ay~cn~on Ta~me nonnanaoc~ unme anaqeHna ~O~TpOa~- 
nhlX pacweHH~. |I~InI~ noexingJI wahine ~I Ha coJIep~a~ne rn56epe~ion~IX BOII~eCTB B pacwe- 
nH~IX, Tan np~ 5 . t0 -*% lmn~a noB~mmB~Ie pOeTOBO~ aI~THBItOCTH B o6aaCTl~i rH55epe~laO- 
BO~I HIIC~IOT5I Ha xpoMaTorpaMMe eOCTaBH~IO 294% nap~anTa 6ea ~ n n a .  IIp~ TOHCHqecI~O~I 
I~OmIegTpa~Hg ~nnRa co~epmanHe ru55epe~taonLix BelIIeCTB OIIYITI) CHII3IIJIOCI~ IIO~ aHaqenHe 
I~OHWpO~Ig. ~ a n n u e  o ~efieTUUU Imn~a o~moupeMen~o Ha 614ocI4tiwea ayi~el~noB ~I rH66epea- 
~IHHOB CB~UIeTe.~hCTByeT O BaaHMO/IefiC, TBmI pOCTOBbIX BOIKeCTB pa35/Hqnoro Tuna B peryaaaHg 
pocTa pacweHHfi. 


