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SUGAR EFFECTS ON THE FORMATION OF BUCKWHEAT
FLAVONOIDS: SOME NEW ASPECTS AND CONCLUDING REMARKS

Since our first report on the inhibitory effect of feeding sugars on the
formation of anthocyanins in buckwheat seedling hypocotyls (Марта,
Оттер, 1968), continuing efforts have been made in our laboratory to open
the nature of this unusual phenomenon. As a result it was found that the
inhibition can be typically observed in intact plant material and is likewise
manifested in demoted and decotyledonized seedlings, while in excised
hypocotyls the sugar treatment either remains ineffective or even shows
a tendency to be stimulatory for pigment formation (Margna et ah, 1969,
1972a; Марта, Оттер, 1971; see also Troyer, 1964; Scherf, Zenk, 1967).
An evidence was obtained simultaneously that the inhibitory effect is
somehow related to the protein biosynthesis and, most probably, is a
function of primary changes taking place in this area of seedling meta-
bolism (Margna, Otter, 1968).

The responses on the other hypocotyl flavonoids were found to be
markedly different from those characteristic of anthocyanins. Concerning
rutin, for example, a rather clear-cut stimulation of accumulation was
observed in almost all cases of sugar feeding (Margna et ah, 1972a).
When isolated hypocotyls were employed, a marked increase occurred
also in the accumulation of leucoanthocyanidins, yet the content of these
compounds remained practically unchanged when intact seedlings were
subjected to sugar treatment (Марта, Оттер, 1971; Margna et ah, 1972b).

As all flavonoids are closely rebated to each other biogenetically, it
became evident that the problem cannot be solved on the basis of a
particular group of flavonoids only, but needs complete analysis of
changes within the whole set of flavonoid compounds present in the plant
material. It seemed quite necessary therefore to follow sugar-induced
changes also in buckwheat cotyledons which are characterized by a still
more complex flavonoid composition than in hypocotyls (Margna et ah,
1967).

Some preliminary results concerning flavonoid changes in the cotyledons
of sugar-treated buckwheat seedlings were fragmentarily presented in an
earlier paper (Марта, 1970). In this communication complete data of
these studies are described, except the results on leucoanthocyanidins
which have been published elsewhere (Марта, Оттер, 1971; Margna et
ah, 1972b). In addition we also included a number of new results about
changes on the level of hypocotyls.
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Experimental

Plant material and growth conditions. The experiments were carried out with young
buckwheat (Fagopyrum esculenturn Moench) seedlings raised under laboratory conditions
on glass dishes, on two layers of filter paper moistened with an adequate amount of
distilled water. Two growth regimes were generally used: A) the germinating
seeds/developing seedlings were held in darkness for the first 56 h, then the seedlings
received 16 h of light (illumination from white fluorescent tubes, light intensity
28,000 erg • cm -2 • sec -1 ) and after that were returned to darkness for ian additional 24 h
(56D + 16L+24D); B) the initial dark period of seedling development was prolonged
to 72 h, after that the seedlings received 10 h of light and then, again, were transferred
to a dark chamber for a 14 h final development in darkness (72D+10L+14D). In a series
of experiments with seedlings of different age, additional variations of the duration of
initial as well as of terminal dark periods of seedling development were involved. In
experiments with isolated organs, the hypocotyls and cotyledons needed were exciseu
from 80-h-old etiolated seedlings grown under standard conditions; the excised material
was then placed on filter paper moistened with distilled water, and incubated for 16 h
in light, followed by a 24 h incubation in darkness.

The temperature was held constant at 25+1 °C throughout all the stages of seedling
development, except the experiments in which sugar treatment was combined with an
additional treatment of seedlings with various temperatures. In that case, at the
beginning, as usual, the seedlings were allowed to grow at 25°, but just after the end
of the light period were transferred into temperature chambers to complete the fiinal
postillumination dark period of seedling development at either 15, 25, or 35°,
respectively. The temperature conditions were held the same also in experiments with
excised organs.

Treatments. Glucose was the main sugar used for experiments, but in some cases
parallel series with fructose and sucrose were run additionally. In a standard procedure
the seedlings were initially allowed to grow on water, and the sugars, in the form of
water solutions, were added to growth medium of seedlings either before the onset or
after the end of the light period. When intermittent light-dark regimes were used, the
sugar solutions were introduced to seedlings before the onset of the illumination program.
In some experimental series the seeds were sowed directly into corresponding sugar
solutions. In experiments with isolated organs the material, immediately after the
excision, was floated for 3—5 min in test-solutions, and then, as described, incubated on
filter paper, moistened with the same solutions as those used for floating. If not other-
wise stated, the concentration of sugars was equalled to 1 per cent both in growth
medium of intact seedlings as well as in solutions used for floating. In combined
feeding experiments with simultaneous introduction into growth medium glucose and
phenylalanine the concentration of the amino acid was equalled to 10~2 M.

Flavonoid assay. Anthocyanins were determined photocolorimetricaliy by measuring
the optical density of clear 1% HCI-ethanolic extracts from plant material in a photo-
electric colorimeter, using a green filter of maximum transmission at 540 nm. Rutin in
hypocotyls was measured by a procedure of repeated one-dimensional, rutin and glyco-
flavones in cotyledons by two-dimensional ascending paper chromatography combined
with a subsequent measurement of the optical density of the eluates of flavonoid spots
spectrophotometrically at 360 nm (rutin), 350 nm (luteolinic glycoflavones orientin and
homoorientin), and 335 nm (apigeninic glycoflavones vitexin and saponaretin), re-
spectively (Margna, Margna, 1969). The content of all flavonoids was expressed in
micrograms per seedling by using for calculations the following extinction coefficients:
for anthocyanins 2.7 • 107 (Scherf, Zenk, 1967), for rutin 1.40 • 107 , for vitexin and
saponaretin 1.94 • 107 , and for orientin and homoorientin 1.59 • 107 (Margna,
Margna, 1969).

All experiments were run in 3 to 8 replications in space per treatment and were
also replicated in time on at least 3 occasions. The results were subjected to evaluation
by the statistical techniques of Student’s significance test.
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Results

Experiments with feeding- sugars alone. As was shown by us pre-
viously, in hypocotyls the feeding of sugars is clearly inhibitory for
anthocyanin accumulation when the seedlings, intact or decotyledonized,
are continuously allowed to develop on sugar solutions or the sugars are
fed to derooted seedlings through the cut ends of their hypocotyls prior
to illumination. The inhibition was found less pronounced when the sugars
were introduced, at the same point of seedling development, to intact
or decotyledonized seedlings through their root system. With supplying
glucose the inhibitory effect, however, was manifested rather steadily,
though the absolute decreases were not so large, and cases of insignificant
influence occurred occasionally (Margna et ah, 1972a).

These observations met complete confirmation in our further
experiments, yet some interesting facts were discovered additionally.

Using varying growth regimes we were able to demonstrate, first of
all, that in hypocotyls the sugar influence is to some extent age-dependent.
Though the effects were strictly significant in rare instances, multiple
experiments unequivocally pointed to a certain regularity, indicating that
an administration of glucose is inhibitory for anthocyanin accumulation
preferentially in seedlings transferred into sugar medium at a com-
paratively early age, whereas in elder seedlings the treatment was either
ineffective or even tended to be stimulatory (Tab. 1, A). This dependence

Table I
The influence of glucose on the accumulation of anthocyanins in intact

buckwheat seedlings grown under varying growth regimes (pg/seedling)

Regime
Glucose added to growth medium

prior to illumination after illumination

Control Glucose Control Glucose

A. Hypocotyls
32D+16L+72D 0.51 0.40* 0.41 0.41
56D+16L+48D 1.94 1.76 1.66 1.78
80D + 16L+24D 3.45 3.55 3.08 3.56*
32D+16L+24D 0.61 0.54 0.48 0.47
56D+ 16L+24D 1.79 1.67 1.70 1.75
80D+16L+24D 3.61 3.69 3.53 3.53
104D+16L+24D 4.63 4.56 4.44 5.00
32D+16L+3 cycles

of (8D+16L) 4.20 3.87 — —

56D+ 16L+2 cycles
of (8D+ 16L) 4.08 4.49 — —

80D+16L+8D+ 16L 5.26 5.27 — —

B. Cotyledons
32D + 16L+72D 0.79 0.64* 0.74 0.68
56D + 16L+48D 1.70 1.28* 1.35 1.18*
80D+16L+24D 2.61 1.72* 2.13 2.43
32D+16L+24D 0.88 0.57* 0.72 0.64
56D+I6L+24D 2.02 1.38* 1.36 1.14
80D + 16L+24D 2.74 1.93* 2.17 2.01
104D + 16L+24D 2.85 2.42* 2.52 2.83
32D+16L+3 cycles

of (8D + 16L) 2.56 1.77* — _

56D+ 16L+2 cycles
of (8D+16L) 2.88 2.20* —i

80D+16L+8D+ 16L 3.28 1.88* —
—

* Here and in other tables and figures — significant effects at Ps^O.05
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seemed to remain uninfluenced by varying durations of postillumination
incubation of seedlings on sugar medium, but it showed a tendency to be
modified by the illumination procedure: glucose added to growth medium
prior to light exposure was inclined to act predominantly as an inhibitor
of pigment formation, while being supplied to seedlings after illumination
it tended to be active as a stimulator.

Another interesting aspect is a possible interaction between sugar and
temperature treatments. As can be seen from Tab. 2, a suppression of
pigment accumulation found in hypocotyls at lower temperatures was
practically lost when the glucose-fed seedlings were held at 35° during
the postillumination dark period. In seedlings fed with glucose at a later
stage of development, a significant augmentation in the content of antho-
cyanins was actually evoked by the treatment at 35°.

Similar developmental and environmental interactions either could not
be observed in cotyledons (Tab. 2) or were of rather limited importance
(Tab. 1,B). Marked decrease up to 30—35 per cent as compared with
anthocyanin level in control seedlings occurred in cotyledons in almost
all cases of external sugar supply, the differences between the treated
and untreated plants being smoothed out only in experiments with feeding
glucose after illumination. Clear-cut inhibition of pigment formation in
cotyledons was achieved regularly also with sucrose and fructose (Fig. 1),

Fig. 1. Sugar-induced inhibition
of anthocyanin formation in buck-
wheat cotyledons. A seedlings
grown on sugar solutions, В
sugars added to growth medium
of intact seedlings prior to illu-
mination; growth regime —72D
IOL+I4D in both experiments.
White bars water controls, black
bars sucrose, dotted bars

fructose, shaded bars glucose.

the two sugars which in hypocotyls were found effective only when used
as permanent components of growth medium (Margna et ah, 1969,
1972a). Thus, compared with hypocotyls, the sugar effects on anthocyanins
were much more pronounced in cotyledons, emphasizing that sugar-
depending inhibition of anthocyanin accumulation in buckwheat seedlings

Table 2
The accumulation of anthocyanins in intact glucose-fed buckwheat seedlings grown at

different temperatures during a postillumination dark period, p,g/seedling

Regime
Hypocotyls Cotyledons

HoO Glucose H 20 Glucose

Glucose added to medium
prior to illumination:

56D+ 16L+24D
15° 2.72 2.59 1.86 1.53*
25° 1.86 1.74 1.70 1.36*
35° 1.36 1.43 1.35 1.04*

72D + 10L+14D
15° 2.83 2.45* 2.27 1.73*
25° 2.60 2.53 2.19 1.48*
35° 1.88 2.20* 1.68 1.42*
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represents a response to external sugar supply, specifically typical of this
kind of plant material.

The inhibition, however, is restricted to intact seedlings only. In excised
cotyledons feeding sugars, as already reported (Маргна, 1970; Маргна,
Оттер, 1971), brings about an increase in pigment formation or at least
shows a tendency to remain stimu-
latory but not inhibitory for this
process (Tab. 3).

Favourable influence of sugars in
isolated cotyledons was also spread
to other flavonoid compounds, being
sufficiently large to reach a level
statistically significant for leuco-
anthocyanidins (Маргна, Оттер,
1971; Margna et ah, 1972b) and rutin
(Tab. 3), but somewhat less for
glycoflavones (Tab. 3). In intact
seedlings supplied with sugars
through the root system, the situation
was more complicated. In general,
the effect was inhibitory rather than
stimulatory for both rutin and glyco-
flavone accumulation, being thus parallel to the effect on anthocyanins in
these organs, but contrasting to the results obtained for rutin in hypocotyls
(Margna et al., 1972a). When growing seedlings on a sugar solution, a
marked decrease in the content of all five flavonoids, beyond doubt, almost
always occurred (Tab. 4). Sugars introduced to seedlings prior to illu-

mination were, however, less effective and failed to produce stable results.
Nevertheless it seemed that the tendency of inhibition was still pre*
dominating also under these experimental conditions.

Experiments with feeding sugars in combination with other nutritives.
When buckwheat seedlings were supplied with sugars in combination
with phenylalanine, characteristic interactions of the two nutritives were

Table 3

Glucose effects on the accumulation of
flavonoids In isolated buckwheat

cotyledons

Content of flavonoids,
(ig/seedling

Control Glucose

80D + 16L+24D
Anthocyanins 5.15 5.43
Rutin 48.6 56.7*
Vitexin 34.3 38.8*
Saponarelin 61.3 68.1*
Orientin 18.1 19.1
Homoorientin 36.7 38.3

Table 4
Sugar effects on the accumulation of rutin and glycoflavones

buckwheat seedlings
in cotyledons of intact

Regime Content of flavonoids, gg/seedling
Rutin Vitexin Saponaretin Orientin Homoorientin

A. Seedlings grown on
sugar solutions,
72D+ 10L+14D

H 2 0
Sucrose

42.7
31.0*

28.9
24.2*

51.4
46.7

16.6
14.2*

29.3
20.5*

B. Sugars supplied to
seedlings prior to
illumination,
72D+ 10L+14D

H20
Sucrose

45.9
41.2

28.0
26.4

54.7
52.6

19.4
18.1

35.4
30.7

56D + I6L+24D
H 20
Glucose

25.0
30.0

31.3
29.4

53.9
53.6

11.4
10.8

21.7
22.3
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revealed in both seedling organs. Experimental data clearly showed that
glucose (Tab. 5, Fig. 2) as well as fructose and sucrose (Марта, 1970)
are capable of cancelling the greater part of stimulation caused by
phenylalanine in the accumulation of anthocyanins in hypocotyls, while
in cotyledons an opposite effect of the amino acid on pigment formation
is considerably intensified in the presence of glucose. The inhibitory
influence was independent of whether the seedlings were initially grown
on water or on a phenylalanine solution and, to a lesser extent, that
influence was likewise revealed in seedlings grown on glucose or sodium
acetate solutions (Fig. 2),

Fig. 2. Anthocyanin accumulation in hypo-
cotyis of intact buckwheat seedlings supplied
with various nutritives prior to illumination.
White bars water controls, bllack bars
glucose supplied, dotted bars phenyl-
alanine supplied, shaded bars glucose and
phenylalanine supplied in combination.
Seedlings were grown on water (A), 5-10~ 2 M
glucose (B), 10~:> M phenylalanine (C) or
5-10~ 2 M sodium acetate (D) solutions;

growth regime 72D-j-10L-|-14D.

In excised hypocotyls rather large phenylalanine-related stimulation
of anthocyanin accumulation (ca + 30%) showed no tendency to be
suppressed (or enhanced) by the simultaneous presence of glucose in the
incubation medium, which is in accordance with the overall small effi-
ciency of sugar feeding in isolated buckwheat organs. By the analogy
similar results could be expected also in isolated cotyledons but, instead,
the following average results were obtained: cotyledons on water 5.85,
on 10~2M phenylalanine 10.02, and on a combined 10-2M phenylalanine-
-1% glucose solution 8.20 micrograms of anthocyanins per a pair of
cotyledons, respectively.

Under similar feeding conditions the content of rutin and glycoflavones,
analogous to isolated cotyledons fed with sugars alone (Tab. 3), showed
a tendency to follow changes in an opposite direction, the average increase
in flavonoids being equal to about 4—5 per cent as compared with

Modifying influence

Table 5

of glucose on phenylalanine-induced stimulation of anthocyanin
accumulation in buckwheat seedlings

Content of anthocyanins, pg/seedling
Regime

Control + Phenylala-
nine

-(-Phenylalanine
-(-glucose

Cotyledons
72D+ 10L+14D 2.50 1.91 1.61*
56D+16L+24D 1.94 1.70 1.23*

Hypocotyls
72D + 10L+ 14D

intact seedlings 2.88 4.96 3.60*
demoted seedlings 2.09 2.78 2.00*

56D+ 16L+24D 2.51 4.73 3.22*
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cotyledons supplied with phenylalanine. The relative increases thus
remained here comparatively small, due to which they, as such, could
hardly be considered significant. None the less, this tendency must be
taken into account in comparing with other sugar effects. With an
approximate absolute level of flavonoids of 220—240 micrograms of total
rutin and glycoflavones per a pair of isolated cotyledons, a 5 per.cent
change in their content actually corresponds to about 11—l2 micrograms
of flavonoid substances. This amount is about twice as high as the maximal
amounts of anthocyanins synthesized in isolated cotyledons on water and
6 times higher than the absolute reducing effect of glucose on phenylala-
nine-stimulated accumulation of anthocyanins in isolated cotyledons cited
above. As precursor balance is likely existing between the biosynthetic
routes of various flavonoid derivatives and, consequently, opposite changes
in their accumulation may be interrelated, the observed inconsiderable
per cent increase in rutin and glycoflavone accumulation seems large
enough to be responsible for the marked opposite change simultaneously
found in the formation of cotyledonary anthocyanins.

On the level of intact seedlings similar glucose-related modifications
in the content of rutin and glycoflavones were not revealed in cotyledons.
No increase or decrease of the effect of phenylalanine on rutin
accumulation could be firmlv established in hypocotyls either, although in
some cases glucose seemed rather strongly to evoke extra stimulation
above that caused by phenylalanine (Марта, 1970).

Discussion

As can be seen from the results of these and other sugar studies done
in this laboratory with buckwheat seedlings, the dependence of flavonoid
accumulation upon the sugar supply is of a rather complicated nature
and may be largely modified by a number of external and endogenous
factors. From those the following need to be especially emphasized:

a) Differences between intact seedlings and their excised organs
in isolated hypocotyls and cotyledons a general tendency of stimulation
was typically characteristic for accumulation of all flavonoid derivatives
in sugar media, while in intact seedlings feeding sugars either lacked
clear-cut effects (leucoanthocyanidins) or resulted in a broader spectrum
of responses (involving both stimulation and inhibition) depending on
the type of flavonoids, organ specificity, etc. (for similar differences see
Pogorzelska, 1965; Grill, 1967). This indicates that the regulatory
mechanisms determining the accumulation of flavonoids must be much
more complex in intact seedlings than in their isolated organs; in the
latter the integrity of metabolic processes is partially destroyed and
simpler regulatory principles (such as “more substrates more products”)
obviously become predominating.

b) Endogenous differences in the metabolic pattern of hypocotyls and
cotyledons although the content of leucoanthocyanidins remained pract-
ically unchanged and, on the other hand, the accumulation of antho-
cyanins was generally reduced by external sugar supply in both organs
of intact seedlings, this similarity of responses was not held with rutin
formation: this process, contrary to anthocyanins, tended to be stimulated
in hypocotyls, but inhibited in cotyledons. Under certain experimental
conditions analogous reverse tendencies could also be revealed in the
accumulation of anthocyanin pigments (in elder seedlings, at higher
growth temperatures). As the absolute amount of rutin synthesized in
hypocotyls is about 10 times higher than the amounts of anthocyanins, the
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changes in its accumulation, even when relatively small, become deter-
mining, with the result that sugar effects, in terms of total flavonoids, are
actually opposite in both organs: stimulatory in. hypocotyls and inhibitory
in cotyledons.

c) Age of seedlings to judge by anthocyanin data on hypocotyls,
a real possibility exists that with increasing age or, at feast with
increasing duration of the pretreatment dark incubation of seedlings, the
internal conditions essential for flavonoid accumulation are somewhat
altered. These alterations need not be as large as to cardinally modify the
responses on the level of total flavonoids, but still sufficient enough to
cause critical shifts in those related branches of flavonoid biosynthesis
which are characterized by comparatively small gross yields of products
and, therefore, are sensible already to relatively slight absolute changes
in the pool size of common precursors (formation of anthocyanins).

d) Temperature-changes similar to those arising with ageing are
also likely induced by alternating environmental temperatures, though
under conditions of feeding sugars they, again, may remain comparatively
small to interfere with the responses of flavonoids other than antho-
cyanins.

e) Feeding conditions the inhibitory influence of external sugar
supply on anthocyanin accumulation was much more pronounced on the
background of high phenylalanine feeding than in the seedlings supplied
with sugars alone. On the other hand, sugar introduced to seedlings
together with 2,4-D a phytotoxic compound partially blocking the pro-
cesses of protein biosynthesis failed to produce any decrease of
anthocyanin accumulation in hypocotyls while occasionally the typical
inhibitory effect was replaced by a slight stimulation (Margna, Otter,
1968). Similar modifications in responses may likewise arise with other
combinations of nutritives.

f) Finally, sugar effects seem to follow certain variations also
depending on whether the nutritives are fed to seedlings prior to or after
the illumination program, although in the present experiments (Tab. 1) it
remained unclear as to whether the differences observed were directly
related to some light-dependent shifts in metabolism or were merely due
to different durations of contact with sugars in light- and dark-fed
seedlings.

At the present stage of knowledge it is not easy to interpret the pri-
mary mechanisms determining the particular modifications of sugar effects
under each of the factors and experimental conditions listed, yet all this
variability in responses unequivocally points out that balance shifts on
the level of some substrate compound highly critical for flavonoid bio-
synthesis must be involved. Therefore a general conclusion can be drawn
that feeding sugars, independent of which is the actual route of their
utilization in seedling cells or which may be the processes initially
covered, finally results in a change in the pool size of this critical pre-
cursor, which subsequently leads to an equivalent increase or decrease in
flavonoid accumulation.

To judge by characteristic interactions of sugars and phenylalanine in
combined feeding experiments, the absence of inhibitory influence of
sugars on anthocyanin accumulation at suppressed protein synthesis
(Margna, Otter, 1968), and correlative shifts within flavonoid and protein
metabolism in seedlings fed with sugars (Оттер, Марша, 1967; Марина,
Оттер, 1968), the most likely compound of such an importance seems to
be phenylalanine the key-metabolite in the biosynthetic pathway of
flavonoids simultaneously being involved in the building of proteins.
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Sugars introduced to seedlings may interfere with the balance of
phenylalanine in two ways. First of all, they may cause an increase in
the total amount of phenylalanine synthesized in seedling cells, the
increase arising from the probable enhancement of carbon flow through
the pentose phosphate pathway due to the availability of extra sugars. In
that case the sugars act predominantly as substrate materials, and if there
would occur no marked changes in the distribution of phenylalanine
between flavonoid and nonflavonoid pathways, and the relevant enzymic
capacities are sufficient, favourable conditions for an augmentation of
total flavonoid accumulation must be created. Sugars fed to seedlings
may, however, also act as energetic materials, and, through the action
on that level, cause considerable shifts in the distribution ratio of phe-
nylalanine between flavonoid biosynthesis and competitive processes. From
those, the building of proteins represents one of the most important if
not the sole competitor of flavonoid formation for that critical amino
acid. As was shown in our earlier contributions (Оттер, Маргна, 1967;
Margna, Otter, 1968), these processes are really stimulated in seedlings
by sugar feeding, and therefore they have to utilize, under these conditions,
larger portions of phenylalanine than in seedlings grown in water. With
the same intensity of phenylalanine formation or with the synthesis of
this common precursor increased only a little, the possibilities of
channelling phenylalanine into the flavonoid pathway must be respectively
reduced, thus providing a satisfactory explanation why under certain
experimental conditions feeding sugars proves inhibitory to flavonoid
accumulation.

It seems most likely that the postulated changes in the balance of
phenylalanine in sugar-fed seedlings involve both an increase in the total
amount of this compound synthesized in seedling cells as well as shifts
of its distribution between competitive biosynthetic pathways. The final
effect of sugar supply on the level of total flavonoids obviously depends
upon which of the two tendencies becomes predominating. However, as
opposite changes sometimes occur in the accumulation of individual flavo-
noids, the final sugar effect on the level of separate flavonoid deri-
vatives apparently depends not only upon the amount of common substrate
remaining free for being channelled into the general flavonoid pathway,
but also upon some additional shifts in the distribution of the substrate
between separate biosynthetic routes within the range of the flavonoid
complex itself. Which are the primary endogenous mechanisms responsible
for these secondary balance shifts, remains to be elucidated.

It must be noted that certain changes in the accumulation of flavonoids
may also result from the direct or indirect influence of sugars on the
activity of phenylalanine ammonia-lyase (PAL), the key-enzyme in the
pathway from phenylalanine to flavonoids and other phenolics. Recent
investigations of this laboratory have shown (Лаанест, Маргна, 1972)
that marked sugar-induced shifts in the activity of PAL actually may occur
in buckwheat hypocotyls and cotyledons, making functional dependence
of flavonoid responses upon enzymic shifts quite possible. However, as the
PAL-changes only partly correlated with the alterations simultaneously
observed in the accumulation of flavonoids, and, besides, the level of PAL-
activity in young buckwheat seedlings, by a number of other suggestions,
hardly can be rate-limiting for flavonoid formation (Лаанест, Маргна,
1972, see also Swain, Williams, 1970), these enzymic changes seem to be
of only secondary importance in determining the effect of sugars on
flavonoid accumulation.
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SUHKRUTE MÕJU FLAVONOIDIDE MOODUSTUMISELE TATRAIDANDEIS:
MÕNINGAID UUSI ASPEKTE JA LÕPPJÄRELDUSED

Resümee
Artiklis on esitatud koondandmed suhkrute mõju kohta antotsüaanide, rutiini ja

glükoflavoonide moodustumisele tatraidandi idulehtedes olenevalt materjali vanusest
ning kasvatamise ja mõjutamise tingimustest. Neid andmeid võrreldakse tulemustega,
mis olid saadud hüpokotüülide uurimisel, ja analüüsitakse seejärel suhkrute toimemehha-
nismi ning põhjusi, millest võib tuleneda lõppefekti varieeruvus eri organites ja eri
flavonoidide lõikes. Lõppkokkuvõttes tullakse järeldusele, et suhkrute sisestamisele järg-
nevad nihked flavonoidide moodustumises peavad olema seoses muutustega, mis esinevad
selle protsessi varustatuses mingi fenüülpropanoidset struktuuri omava lähtesubstraadiga.
Kõige tõenäolisemalt on niisuguseks lähtesubstraadiks ftnüülalaniin.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Eksperimentaalbioloogia Instituut 12. 111 1973

Удо МАРГНА, Лембе ЛААНЕСТ, Эви МАРГНА. Маргареете ОТТЕР,
Тийу ВАИНЪЯРВ

ВЛИЯНИЕ САХАРОВ НА НАКОПЛЕНИЕ ФЛАВОНОИДОВ В ПРОРОСТКАХ
ГРЕЧИХИ: РЯД НОВЫХ АСПЕКТОВ И ЗАКЛЮЧИТЕЛЬНАЯ ОЦЕНКА

Резюме

Представлены сводные данные о влиянии сахаров на накопление антоцианов,
рутина и гликофлавонов в семядольных листочках проростков гречихи в зависимости
от возраста, условий выращивания и обработки материала. Сравнивая эти данные
с результатами изучения того же вопроса в гипокотилях, авторы обсуждают механизмы
действия сахаров и причины варьирования окончательного эффекта по отдельным груп-
пам флавоноидов, отдельным органам и при изменении условий эксперимента. Сделан
вывод, что действие сахаров на формирование флавоноидов должно быть свя-
зано с внутриклеточными изменениями в обеспеченности этого процесса исходными суб-
стратами, в частности предшественниками фенилпропаноидной природы (фенилала-
нином).

Институт экспериментальной биологии Поступила в редакцию
Академии наук Эстонской ССР 12/11 1 1973
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	Fig. 3. Macrosteles pygmaeus n. sp. Genitalia: A genital segment, lateral view Пl2 X): В genital valve and plates (112 X); C aedeagus, lateral view (250 X); D aedeagus, caudoventral view (250 X); E stylus (250 X); E connective (250 X); G apodemes (50 X); H tip of female abdomen (46 X).
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	Рис. 1. Энзимограммы эстеразы в полиакриламидном геле: 1 Т. boeoticum К-27141, 2 Т. boeoticum К-27153, 3 Т. monococcum К-35915, 4 Т. monococcum К-39420, õ Т. boeoticum LJ-42/71, 6 Т. boeoticum К-27153, 7—B Т. urartu LJ-58/72, 9 Т. boeoticum К-27159, 10 Т. boeoticum LJ-42/71, И Т. boeoticum К-27148, 12 Т. boeoticum LJ-45/71, 13 Т. dicoccoides К-28132, 14 Т. boeoticum К-27134, 15 Т. dicoccoides К-26118, 16 Ae. speltoides К2, 17 Т. araraticum К-30234, 18 Т. monococcum var. hornemanni, 19 Т. timopheevi К-2Э548, 20 Т. boeoticum К-27141, 21 Ae. speltoides K-2, 22 Г. boeoticum К-27134, 23 Т. dicoccoides К-26118, 24 Ae. speltoides K-2, 25 T. araraticum К-30234, 26 T. dicoccoides К-5198, 27 Т. dicoccoides К-26117, 28 Т. dicoccoides К-21582, 29 Т. dicoccoides К-26117, 30 Т. dicoccoides К-5201, 31 Т. dicoccoides К-5198, 32 Т. dicoccoides K-41965, 33 Т. dicoccoides К-17157, 34 Т. dicoccoides К-42632.
	Рис. 2. Энзимограммы эстеразы в полиакриламидном геле. Ae. speltoides: I—B К.-2, 9 К-453, 10 К-198, 11 G-768, 12 G-712, 13—14 G-768, 17 К-2: Ae. bicornis; 15—16 G-1423; Ae. mutica: 18—22 К-200, 23—31 LJ-59/72.
	Рис. 3. Энзимограммы кислой фосфатазы в полиакриламидном геле: 1 Т. boeoticum LJ-43/71, 2 Т. boeoticum К-27154, 3 Т. boeoticum К-26239, 4 Т. пгопоcoccum К-35915, 5 Т. monococcum К-39420, 6 Т. urartu К-33870, 7 Т. boeoticum К-27154, 8 Т. dicoccoides K-261i8. 9 Т. araraticum К-30216, 10 Т. dicoccoides К-5198, 11 Т. dicoccoides К-26117, 12 Т. dicoccum К-21582, 13 Т. palaeo-colchicum К-28162, 14 Т. dicoccoides К-5201, 15 Т. dicoccoides К-5198, 16 Т. dicoccoides К-41965, 17 Т. boeoticum К-27134, 18 Т. dicoccoides К-5198, 19 Т. araraticum LJ-56/72, 20 Ae. speltoides G-768, 21 T. monococcum var. hornemanni, 22 T. timopheevi K-29548, 23 T. boeoticum K-27134, 24 Ae. speltoides K-2, 25, 29 T. carthlicum K-14027, 26 T. boeoticum K-40117, 27,30 T. araraticum К-30216 X T. boeoticum K-27154, 28 T. boeoticum No. 201 X T. araraticum K-30216, 31 T. araraticum K-30234 X T. palaeo-colchicum, 32 T. araraticum K-41907 X T. boeoticum K-27154.
	Рис. 4. Энзимограммы кислой фосфатазы в полиакриламидном геле: I—ll Ае. speltoides G-978, 12 Т. dicoccoides К-26117, 13 Ae. speltoides G-768, 14 Ае. bicornis G-1424, 15 Ae. longissima К-378, 16 Ae. sharonensis К-203, 17—18 Ае. speltoides G-724, 19 Т. dicoccoides К-5198, 20 Т. dicoccoides К-26117, 21—22 Ae. mutica LJ-59/72, 23—26 Ae. mutica К-200, 27—30 Ае. mutica К-646.

	АКТИВНОСТЬ ФЕНИЛАЛАНИН-АММОНИЙ-ЛИАЗЫ И НАКОПЛЕНИЕ АНТОЦИАНОВ В ПРОРОСТКАХ РЖИ И РЕДИСА
	Рис. 1. Кинетика изменения активности ФАЛ в первичном листе проростков ржи. I интактные проростки (освещенные); 2 изолированный первичный лист (освещенный); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями под кривыми.
	Рис. 2. Кинетика изменения активности ФАЛ в гипокотилях проростков редиса. 1 интактные проростки (освещенные); 2 изолированные гипокотили (освещенные); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями над кривыми.
	Рис. 3. Влияние фенилаланина (Ф), азотнокислого аммония (А) и глюкозы (Г) на активность ФАЛ в первичном листе ржи и гипокотилях редиса, % от контроля. Линия 100% (контроль) соответствует следующим уровням активности ФАЛ (мкг коричной к-ты/проросток в ч): интактные проростки ржи 7,5; изолированный первичный лист ржи 3,3; интактные проростки редиса 0,9; изолированные гипокотили редиса 2,6.
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	О ДИНАМИКЕ ОТНОСИТЕЛЬНОЙ КОНЦЕНТРАЦИИ НЕКОТОРЫХ МОЗАИЧНЫХ ВИРУСОВ И ИНТЕНСИВНОСТИ СИМПТОМОВ ЗАБОЛЕВАНИЯ
	Рис. 2. Динамика ОК и интенсивность симптомов BNtaK в растениях Nicotiana gluiinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья). 1 балл —проявившиеся первичные симптомы, 2 балла установившиеся симптомы слабой интенсивности, 3 балла установившиеся симптомы средней интенсивности и 4 балла установившиеся симптомы высокой интенсивности со всеми компонентами реакции на данном виде растения.
	Рис. 3. Динамика OK ii интенсивность симптомов BNtaK в растениях Nicotiana tabacum L. после инокуляции (1 ннокулированные, 2 верхушечные листья).
	Рис. 4. Динамика OK и интенсивность симптомов BNtaK в растениях Nicandra physaloides L. после инокуляции (/ иноку – лированные, 2 верхушечные листья).
	Рис. 1. Некрозы на листьях Solatium chacoense L., зараженных BYK.
	Рис. 5. Симптомы заболевания на растениях Nicotiana glutinosa L., зараженных BNtaK. 1 пятимесячная инфекция, 2 четырехмесячная инфекция, 3 трехмесячная инфекция, 4 одномесячная инфекция, 5 здоровый лист, 6 двухмесячная инфекция.
	Рис. 6. Некрозы на вигне (Vigna sinensis Endi.), зараженной BNrK (справа) и BNtaK (слева).
	Рис. 7. Динамика ОК и интенсивность симптомов ВОМэ в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 8. Динамика OK и интенсивность симптомов BYK в верхушечных листьях Nicotiana glutinosa L. после инокуляции.
	Рис. 9. Сравнение OK BYK в растениях Nicotiana glutinosa L. при инфекции 6 изолятами вируса, изолированных из картофеля сорта ’Остботе’ (/), ’Яакко’ (4), сеянцев ’954/52ХАквила’ (2), ’Приекульский раннийХАгрие’ (<?), ’КамеразХАгрие’ (5) и вида Solatium andigenum L. (6).
	Рис. 10. Динамика ОК и интенсивность симптомов ВХК в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
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	К ВОПРОСУ ИЗУЧЕНИЯ ВИРУСА АСПЕРМИИ ТОМАТА
	Рис. 1. Веточка томата, пораженная вирусом.
	Рис. 2. Локальные пятна на листе Chenopodium guinea.
	Рис. 3. Локальные некрозы на листе Nicandra physaloides.
	Рис. 4. Некрозы на Gomphrena globosa.
	Рис. 5. Растения Callistephus chinensis. Слева здоровое, справа больное растение.
	Рис. 6. Цветы хризантемы, пораженной вирусом.
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	Рис. 7. Листья Nicotiana affinis. Слева больной, справа здоровый. Рис. 8. Растения Nicotiana glutinosa с симптомами системной инфекции.
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	Рис. 9. Листья N. glutinosa, пораженные вирусом. Рис. 10. Цветы N. glutinosa. Слева здоровые, справа пораженный.
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	Рис. 11. Листья Nicotiana tabacutn, сорт ’White Burley’. Слева здоровый, справа больной лист.
	Рис. 12. Лист Petunia hybrida с симптомами инфекции.
	Рис. 13. Цветы Petunia hybrida, пораженные вирусом.
	Рис. 14. Листья Physalis floridana. Слева больной, справа здоровый.
	Рис. 15. Листья Solatium nigrum. Слева здоровый справа больной.

	СОДЕРЖАНИЕ ГЛИЦЕРИНА В ЗИМУЮЩИХ ЛИЧИНКАХ APANTELES GLOMERATVS L. В СВЯЗИ С ИХ ХОЛОДОСТОЙКОСТЬЮ
	Рис. 1. Изменение содержания глицерина (/) и ТП (2) в личинках Арапteles glomeratus L.
	Рнс. 2. Зависимость ТП от концентрации глицерина в личинках Apanteles glomeratus L.

	НУКЛЕОТИДНЫЙ СОСТАВ РНК ЛИМФОЦИТОВ ЛИМФЫ ГРУДНОГО ПРОТОКА ОВЕЦ И ВЛИЯНИЕ НА НЕГО ГИДРОКОРТИЗОНА
	Untitled

	СПИСОК РАДИОУГЛЕРОДНЫХ ДАТИРОВОК ИНСТИТУТА ЗООЛОГИИ И БОТАНИКИ АКАДЕМИИ НАУК ЭСТОНСКОЙ ССР
	Untitled

	ПОЛИЭМБРИОНИЯ У РАПСА
	Рис. 1. Прорастающее двухзародышевое семя с корешками различной длины. Увелич. 15Х. Fig. 1. The germinating twin seed with roots of different size. Magnif. 15X
	Untitled
	Рис. 2. Близнецовые проростки из одного семени, значительно различающиеся по величине. Увелич. 6Х. Fig. 2. Twin seedlings of different size from one seed. Magnif. 6X Рис. 3. Проросток с двумя корешками (один из корней изогнут, другой недоразвит) Увелич. 8Х- Fig. 3. The seedling with two roots (one of them is curved, another under-developed) Magnif. 8X
	Рис. 4. Три близнецовых зародыша из одного семени. Увелич. 6Х-Fig. 4. Three embryos from one seed, Magnif. 6X
	Рис. 5. Прорастающее двухзародышевое семя со спонтанным разрывом ткани одного из корней. Увелич. 32Х- Fig. 5. The germinating twin seed with the spontaneous fissure of root tissue in one of the roots. Magnif. 32X
	ÜLELIIDULINE MEREDE SANITAARKAITSE ALANE KONVERENTS
	EESTI NSV TEADUSTE AKADEEMIA ÜLDKOGU ISTUNGJÄRGULT
	EESTI NSV TEADUSTE AKADEEMIA TÄHTSAMATEST TÖÖTULEMUSTEST AASTAIL 1968—1973
	Untitled


	ФИЗИОЛОГИЧЕСКОЕ И ЦИТОГЕНЕТИЧЕСКОЕ ДЕЙСТВИЕ IM-HHTPO3O-N-AJI КИЛ МОЧЕВИН НА ПШЕНИЦУ
	Рис. 1. Мост в анафазе митоза, микроядра в интерфазе (1400Х).
	Рис. 2. Анафаза митоза с фрагментами (1500Х).
	Рис. 3. Отстающая хромосома в поздней анафазе митоза, микроядра в интерфазе (1200Х).
	Рис. 4. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х) •
	Рис. 5. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х).
	Рис. 6. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 7. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 8. Цитомиксис в мейозе (800Х).
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	ИЗУЧЕНИЕ УСТОЙЧИВОСТИ МУТАНТНЫХ ЛИНИЙ ЯРОВОЙ ПШЕНИЦЫ к РЖАВЧИНАМ
	Untitled
	Untitled

	AZOTE-INDUCED CHANGES IN THE ACCUMULATION OF BUCKWHEAT SEEDLING FLAVONOIDS
	Absolute decreases in the content of separate groups of flavonoids in isolated buckwheat hypocotyls and cotyledons after a 40 h incubation (16 h light +24 h darkness) in a 0.1 per cent solution of ammonium nitrate as compared with water controls (pg/seedling).
	Untitled
	Untitled
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	О СЛУЧАЕ ПЛАСТИДНОЙ НАСЛЕДСТВЕННОСТИ У ЯЧМЕНЯ
	Untitled
	К ПРОБЛЕМЕ СЕЛЕКЦИИ ВИРУСОУСТОЙЧИВЫХ СОРТОВ КАРТОФЕЛЯ
	Untitled


	ОБ ИЗМЕНЕНИИ ДИКОРАСТУЩИХ ФОРМ КРАСНОГО КЛЕВЕРА (TRIPOLIUM PRATENSE L.) В КУЛЬТУРЕ
	Рис. 2. Растения красного клевера из питомника посева 1965 г., выращенные при площади питания 50X50 см. Справа дикорастущий из исходных семян, слева из семян 6-й репродукции на плодородной почве (фото I/VII 1966; растения пересажены в сосуды для фотографирования).
	Untitled
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	ELECTROPHORETIC ENZYME STUDIES IN SC ILL A SI ВI RICA AN DR.
	Fig. 1. Polyacrylamide gel electrophoretic patterns of acid phosphatase (Л) and esterase (5). Enzymograms: 1 bulb, 2 root, 3 leaf, 4 stem, 5 petal, 6 anther, 7 stigma-style, 8 ovary.
	Fig. S. Polyacrylamide gel electrophoretic patterns of anodical peroxidases [A) cathodical peroxidases (В), leucine aminopeptidase (C), glucose-6-phosphate dehydro genase (£)), and 6-phosphogluconate dehydrogenase (£). Designations see under Fig. 1.

	HÕBEREBASTE KARUSNAHKADE FOTOELEKTROKOLORIMEETRILISED OMADUSED JA NENDE KASUTAMINE NAHKADE KLASSIFITSEERIMISEL VÄRVUSE JÄRGI
	Untitled
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	ХИМИЧЕСКИЙ СОСТАВ ПОВЕРХНОСТНОГО СЛОЯ САПРОПЕЛЯ ОЗЕР ВИЙТНА
	Untitled
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	ВЛИЯНИЕ ДЕФИЦИТА ВОДЫ НА ПРИРОСТ РАСТЕНИЯ (МАТЕМАТИЧЕСКАЯ МОДЕЛЬ)
	Рис. 1. а зависимость прироста сухого вещества растения (S Anti) от потенциала воды почвы (фЦ. Влияние осмотического потенциала замыкающих клеток ( ф_= \ н отно. \ МPg / шения площади корней и листьев (Sr/Si). Сплошные кривые —ф* =—3o бар, пунктирные —Фг. =— 15 бар. Цифры у кривых значения Sr/Si. Относительная влажность воздуха 20% при 25°С (фа = —2,2МО3 бар), Rp =O. б зависимость сопротивления устьиц (г*,) от потенциала воды листа (фт), на основе которого рассчитаны кривые а.
	Рис. 2. Зависимость прироста (2Аm.-) от потенциала воды почвы (ф5). Влияние влажности воздуха (фа) и сопротивления в жидкой фазе тока воды (Rv) при двух значениях Sr/Si (0,2 и 2,0). Сплошные кривые фа= —2,21 • 103 бар (соответствует относительной влажности воздуха 20% при 25°С), пунктирные фа= -0,308-103 бар (80% при 25°С). а—RP= 0, б RP=* 1,8 105 сек-см-г\ фк —3O бар.
	Рис. 3. Зависимость прироста (2Ат,) от соотношения площади корней и листьев (Sr/Si). Цифры у кривых потенциал воды почвы (ф,, бар). Пунктир соединяет максимальные значения SA т,- при различных фB-/?р =O, фа=-2,2М03 бар, ф_==-—3O бар.
	Рис. 4. Зависимость оптимального соотношения площади корней и листьев (Sr/Si)oпт от потенциала воды почвы (ф8) при относительной влажности воздуха 20 и 80%.

	ALGLOOMADE ÜKSIKISENDITE ISOLEERIMINE JA KLOONIDE SAAMINE
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	EESTI NSV TEADUSTE AKADEEMIA AASTAKOOSOLEKULT
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	Illustrations
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	Fig. 1. Esterase enzymograms: Elymus sibiricus R 16/71 (/—2), R 19/71 (3—4) and R 40/70 (5), Roegneria canir.a RL 35/69 (6—8), L 5/71 (9—10), R 7/71 (11—12), R 22/70 (13), R 20/70 (14—15) and R 18/70 (16), Roegneria behmii R 9/71 (17—18), Roegneria doniana RD-5 (19—20), Roegneria fibrosa R 126/70 (21—22), Roegneria borealis R 17/72 (23—24), Roegneria alas eana LP 7/71 (25—26), Roegneria czimganica R 123/70 (27—28), Roegneria confusa LP 6/71 (29—30), Roegneria ciliaris LP 10/71 (31—32).
	Fig. 2. Esterase enzymograms: Elymus sibiricus R 16/71 {/—2), Elymus glaucus RD-13 (t3—4) and R 71/70 (5—6), Elymus canadensis RL 1/70 (7—8) and RD-10 (9—JO), Roegneria pauciflora R 50/70 {11—12), RL 38/71 {13—14) and RL 7/70 {15—16), Elymus dahuricus LP 3/71 {17—18) and LP 4/71 (19—20), Elymus tangutorum. R 69/71 {21—22), Agropyron yezoense R 8/72 {23—24), Leymus arenarius L 1/71 {25—26), Elymus sibiricus R 40/71 {27—28), Elytrigia repens L 17/72 {29) and L 20/72 (30), Agropyron cristatum RB 4/69 (31—32),
	Fig. 3. Phosphatase enzymograms; Elymus sibiricus R 16/71 (/—2), R 19/71 (5—4) and R 40/71 {s—6), Roegneria canina L 5/71 (7—B), R 7/71 {9—lo), R 22/70 {11), R 20/70 {12—13) and R 18/70 {14—15), Roegneria behmii R 9/71 {16—17), Roegneria doniana RD-5 (/5—19), Roegneria fibrosa R 126/70 {20—21), Roegneria borealis R 17/72 {22—23), Roegneria alascana LP 7/71 {24—25), Roegneria czimganica R 123/70 {26—27), Roegneria confusa LP 6/71 {28—29), Roegneria ciliaris LP 10/71 {30—31).
	Fig. 4. Phosphatase enzymograms: Elymus sibiricus R 16/71 (/—2), Elymus glaucus RD-13 (5—4) and R 71/70 (5—5), Elymus canadensis RL 1/70 (7—5) and RD-10 (9—10), Roegneria pauciflora R 50/70 (II—12), RL 28/71 (13—14) and RL 7/70 (15—16), Elymus dahuricus LP 3/71 (17—18) and LP 4/71 (19—20), Elymus tangutorum R 69/71 (21—22), Agropyron yezoen.se R 8/72 (23—24), Leymus arenarius L 1/71 (25—26), Elymus sibiricus R 40/71 (27—28), Elytrigia reper.s L 17/72 (29), and L 20/72 (30—31), Agropyron cristatum RB 4/69 (32).
	Fig. 1. Sugar-induced inhibition of anthocyanin formation in buckwheat cotyledons. A seedlings grown on sugar solutions, В sugars added to growth medium of intact seedlings prior to illumination; growth regime —72 D IOL+I4D in both experiments. White bars water controls, black bars sucrose, dotted bars fructose, shaded bars glucose.
	Fig. 2. Anthocyanin accumulation in hypocotyis of intact buckwheat seedlings supplied with various nutritives prior to illumination. White bars water controls, bllack bars glucose supplied, dotted bars phenylalanine supplied, shaded bars glucose and phenylalanine supplied in combination. Seedlings were grown on water (A), 5-10~2M glucose (B), 10~:>M phenylalanine (C) or 5-10~2M sodium acetate (D) solutions; growth regime 72D-j-10L-|-14D.
	Рис. 1, Группировка природных факторов по структурно-генетическому принципу и теоретико-методическая очередность в ландшафтных исследованиях. I—III общетеоретическое структурно-генетическое формирование факторов и их значение в образовании ландшафта. Очередность учета природных условий в ландшафтных исследованиях. I—6 взаимосвязи и зависимости; более длинная стрелка обозначает большее влияние.
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	Рис. 2. Типы моделей (Арманд, 1971)..
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	Рис. 1.
	Рис. 2.
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	KNrV elektroforeetiliste liikuvuste kõver, olenevalt kasutatud lahuste pH-st.
	Fig. 6. Pusfiilina ochracea, spore, SEM, note the wrinkled surface. Denmark, Sjaelland: Hareskoven, 25. 6. 1971, leg. H. Dissing (С). X 250.
	Fig. 7. Disciotis venosa, spores; in cotton blue, note the staining areas near the poles, x 2000.
	Fig. 8. Pseudopithyella magnispora. a young spore with gelatinous cover, b ascus stained in congo red, compare with Pig. 11, c section of fruit body, a, b X 2000 с X 100.
	Untitled
	Fig 3 Pustulina microspora, spores X 1925.
	Fig. I. Pustulina microspora, marginal section, schematic a, b, c, d show the position of the drawings in Fig. 7. X 30. Fig. 2. Pustulina microspora. a hymenium and subhymenium, b part of medullary excipulum, c, d medullary and outer excipulum with the cells forming the warts. a—d X 218.
	Fig. 10. Pseudopithyella magnispora, above, section of the upper part of hymenium (see Fig. 9), note the anastomozing paraphyses and the poorly developed excipulum; below, section of the lower part of hymenium, subhymenium and upper part of medullary excipulum. X 583.
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	Fig. 9. Pseudopithyella magnispora. section of fruit body, schematic, showing position of sections in Fig. 10. X no.
	Рис. 1. Связь между концентрацией белка и показателем преломления сыворотки крови леща. • ноябрь, о январь—февраль
	Рис. 3. Связь между концентрацией белка и показателем преломления сыворотки крови судака. • сентябрь, о январьфевраль
	Рис. 2. Связь между концентрацией белка и показателем преломления сыворотки крови щуки (январь—февраль)
	Рнс. 4. Связь между концентрацией белка и показателем преломления сыворотки крови радужной форели (апрель).
	Fig. 1. Geobotanical regions of Latvia and Lithuania (after Сочава et ai., 1960): 22 dune pine forests and raised peat bogs of Riga’s environs; 23 hardwood-spruce, spruce and mossy pine forests of West Vidzeme: 24 lowland dry pine forests with dunes and “grinis” of Kurzeme; 25 upland spruce and hardwood-spruce forests of Kurzeme; 26 lowiand spruce and spruce-pine forests of West Zemaite; 27 upland spruce and spruce-pine forests, swampy meadows and fens of Zemaite; 28 lowland hardwoodspruce, spruce forests and raised peat bogs of East Zemaite; 33 mossy pine and lichen-pine forests of North Vidzeme; 34 —' upland spruce forests of Central Vidzeme; 37 hardwood and hardwood-spruce forests of basins of Lielupe and Musa Rivers; 38 East Latvian lowland swampy pine forests, locally with spruce forests; 39 upland spruce forests and mossy pine groves of East Latvia; 41 hardwood-spruce forests of Central Lithuania; 42 lowland hardwood-spruce, hardwood-pine, spruce and pine forests of Middle Baltic region; 43 upland hardwood-spruce forests and swampy meadows of Aukštaite; 44 mossy pine forests of Zemaite; 46 lowland spruce, spruce-pine and hardwood-spruce forests of Southwest Zemaite; 47 flood-plain meadows, swampy meadows, bogs and alder forests of the basin of Lower Nemunas; 50 hardwood-spruce and hardwood forests of the Middle Nemunas basin; 51 upland hardwood-spruce and hardwood forests of Džukaite; 52 sandy lichen-pine and mossy pine forests on the sandy areas of the basin of Merkine River. The collecting localities of the author are indicated with small black dots.
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	Fig. 2. Anacertagallia lithuanica n. sp. Male genitalia- A genital segment, lateral view (enlargement 82 X); В genital valve and plates (left dorsal, right ventral view) (82 X); C aedeagus, lateral view (250 X): D tip of aedeagus, lateral view (500 X); E aedeagus. dorsal and caudal view (250 X); F stylus (250 X): 0 connective (150 X): H anal tube (112 X) I / tip of anal tube appendage (375 X).
	Fig. 3. Macrosteles pygmaeus n. sp. Genitalia: A genital segment, lateral view Пl2 X): В genital valve and plates (112 X); C aedeagus, lateral view (250 X); D aedeagus, caudoventral view (250 X); E stylus (250 X); E connective (250 X); G apodemes (50 X); H tip of female abdomen (46 X).
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	Joon. 2. Hapniku kontsentratsioon ja vee küllastumus hapnikuga vaatluspunktis 1.
	Joon. 3. Süsihappegaasi kontsentratsioon vaatluspunktis 1.
	Схема установки для облучения в микроволновом диапазоне. 1 термостатированная измерительная кювета, 2 насос, 3 термометр, 4 волновод, 5 кювета облучения, 6 генератор, 7 холодильник, 8 термостат.
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	Рис. 1. Энзимограммы эстеразы в полиакриламидном геле: 1 Т. boeoticum К-27141, 2 Т. boeoticum К-27153, 3 Т. monococcum К-35915, 4 Т. monococcum К-39420, õ Т. boeoticum LJ-42/71, 6 Т. boeoticum К-27153, 7—B Т. urartu LJ-58/72, 9 Т. boeoticum К-27159, 10 Т. boeoticum LJ-42/71, И Т. boeoticum К-27148, 12 Т. boeoticum LJ-45/71, 13 Т. dicoccoides К-28132, 14 Т. boeoticum К-27134, 15 Т. dicoccoides К-26118, 16 Ae. speltoides К2, 17 Т. araraticum К-30234, 18 Т. monococcum var. hornemanni, 19 Т. timopheevi К-2Э548, 20 Т. boeoticum К-27141, 21 Ae. speltoides K-2, 22 Г. boeoticum К-27134, 23 Т. dicoccoides К-26118, 24 Ae. speltoides K-2, 25 T. araraticum К-30234, 26 T. dicoccoides К-5198, 27 Т. dicoccoides К-26117, 28 Т. dicoccoides К-21582, 29 Т. dicoccoides К-26117, 30 Т. dicoccoides К-5201, 31 Т. dicoccoides К-5198, 32 Т. dicoccoides K-41965, 33 Т. dicoccoides К-17157, 34 Т. dicoccoides К-42632.
	Рис. 2. Энзимограммы эстеразы в полиакриламидном геле. Ae. speltoides: I—B К.-2, 9 К-453, 10 К-198, 11 G-768, 12 G-712, 13—14 G-768, 17 К-2: Ae. bicornis; 15—16 G-1423; Ae. mutica: 18—22 К-200, 23—31 LJ-59/72.
	Рис. 3. Энзимограммы кислой фосфатазы в полиакриламидном геле: 1 Т. boeoticum LJ-43/71, 2 Т. boeoticum К-27154, 3 Т. boeoticum К-26239, 4 Т. пгопоcoccum К-35915, 5 Т. monococcum К-39420, 6 Т. urartu К-33870, 7 Т. boeoticum К-27154, 8 Т. dicoccoides K-261i8. 9 Т. araraticum К-30216, 10 Т. dicoccoides К-5198, 11 Т. dicoccoides К-26117, 12 Т. dicoccum К-21582, 13 Т. palaeo-colchicum К-28162, 14 Т. dicoccoides К-5201, 15 Т. dicoccoides К-5198, 16 Т. dicoccoides К-41965, 17 Т. boeoticum К-27134, 18 Т. dicoccoides К-5198, 19 Т. araraticum LJ-56/72, 20 Ae. speltoides G-768, 21 T. monococcum var. hornemanni, 22 T. timopheevi K-29548, 23 T. boeoticum K-27134, 24 Ae. speltoides K-2, 25, 29 T. carthlicum K-14027, 26 T. boeoticum K-40117, 27,30 T. araraticum К-30216 X T. boeoticum K-27154, 28 T. boeoticum No. 201 X T. araraticum K-30216, 31 T. araraticum K-30234 X T. palaeo-colchicum, 32 T. araraticum K-41907 X T. boeoticum K-27154.
	Рис. 4. Энзимограммы кислой фосфатазы в полиакриламидном геле: I—ll Ае. speltoides G-978, 12 Т. dicoccoides К-26117, 13 Ae. speltoides G-768, 14 Ае. bicornis G-1424, 15 Ae. longissima К-378, 16 Ae. sharonensis К-203, 17—18 Ае. speltoides G-724, 19 Т. dicoccoides К-5198, 20 Т. dicoccoides К-26117, 21—22 Ae. mutica LJ-59/72, 23—26 Ae. mutica К-200, 27—30 Ае. mutica К-646.
	Рис. 1. Кинетика изменения активности ФАЛ в первичном листе проростков ржи. I интактные проростки (освещенные); 2 изолированный первичный лист (освещенный); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями под кривыми.
	Рис. 2. Кинетика изменения активности ФАЛ в гипокотилях проростков редиса. 1 интактные проростки (освещенные); 2 изолированные гипокотили (освещенные); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями над кривыми.
	Рис. 3. Влияние фенилаланина (Ф), азотнокислого аммония (А) и глюкозы (Г) на активность ФАЛ в первичном листе ржи и гипокотилях редиса, % от контроля. Линия 100% (контроль) соответствует следующим уровням активности ФАЛ (мкг коричной к-ты/проросток в ч): интактные проростки ржи 7,5; изолированный первичный лист ржи 3,3; интактные проростки редиса 0,9; изолированные гипокотили редиса 2,6.
	Рис. 2. Динамика ОК и интенсивность симптомов BNtaK в растениях Nicotiana gluiinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья). 1 балл —проявившиеся первичные симптомы, 2 балла установившиеся симптомы слабой интенсивности, 3 балла установившиеся симптомы средней интенсивности и 4 балла установившиеся симптомы высокой интенсивности со всеми компонентами реакции на данном виде растения.
	Рис. 3. Динамика OK ii интенсивность симптомов BNtaK в растениях Nicotiana tabacum L. после инокуляции (1 ннокулированные, 2 верхушечные листья).
	Рис. 4. Динамика OK и интенсивность симптомов BNtaK в растениях Nicandra physaloides L. после инокуляции (/ иноку – лированные, 2 верхушечные листья).
	Рис. 1. Некрозы на листьях Solatium chacoense L., зараженных BYK.
	Рис. 5. Симптомы заболевания на растениях Nicotiana glutinosa L., зараженных BNtaK. 1 пятимесячная инфекция, 2 четырехмесячная инфекция, 3 трехмесячная инфекция, 4 одномесячная инфекция, 5 здоровый лист, 6 двухмесячная инфекция.
	Рис. 6. Некрозы на вигне (Vigna sinensis Endi.), зараженной BNrK (справа) и BNtaK (слева).
	Рис. 7. Динамика ОК и интенсивность симптомов ВОМэ в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 8. Динамика OK и интенсивность симптомов BYK в верхушечных листьях Nicotiana glutinosa L. после инокуляции.
	Рис. 9. Сравнение OK BYK в растениях Nicotiana glutinosa L. при инфекции 6 изолятами вируса, изолированных из картофеля сорта ’Остботе’ (/), ’Яакко’ (4), сеянцев ’954/52ХАквила’ (2), ’Приекульский раннийХАгрие’ (<?), ’КамеразХАгрие’ (5) и вида Solatium andigenum L. (6).
	Рис. 10. Динамика ОК и интенсивность симптомов ВХК в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 1. Веточка томата, пораженная вирусом.
	Рис. 2. Локальные пятна на листе Chenopodium guinea.
	Рис. 3. Локальные некрозы на листе Nicandra physaloides.
	Рис. 4. Некрозы на Gomphrena globosa.
	Рис. 5. Растения Callistephus chinensis. Слева здоровое, справа больное растение.
	Рис. 6. Цветы хризантемы, пораженной вирусом.
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	Рис. 7. Листья Nicotiana affinis. Слева больной, справа здоровый. Рис. 8. Растения Nicotiana glutinosa с симптомами системной инфекции.
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	Рис. 9. Листья N. glutinosa, пораженные вирусом. Рис. 10. Цветы N. glutinosa. Слева здоровые, справа пораженный.
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	Рис. 11. Листья Nicotiana tabacutn, сорт ’White Burley’. Слева здоровый, справа больной лист.
	Рис. 12. Лист Petunia hybrida с симптомами инфекции.
	Рис. 13. Цветы Petunia hybrida, пораженные вирусом.
	Рис. 14. Листья Physalis floridana. Слева больной, справа здоровый.
	Рис. 15. Листья Solatium nigrum. Слева здоровый справа больной.
	Рис. 1. Изменение содержания глицерина (/) и ТП (2) в личинках Арапteles glomeratus L.
	Рнс. 2. Зависимость ТП от концентрации глицерина в личинках Apanteles glomeratus L.
	Рис. 1. Прорастающее двухзародышевое семя с корешками различной длины. Увелич. 15Х. Fig. 1. The germinating twin seed with roots of different size. Magnif. 15X
	Untitled
	Рис. 2. Близнецовые проростки из одного семени, значительно различающиеся по величине. Увелич. 6Х. Fig. 2. Twin seedlings of different size from one seed. Magnif. 6X Рис. 3. Проросток с двумя корешками (один из корней изогнут, другой недоразвит) Увелич. 8Х- Fig. 3. The seedling with two roots (one of them is curved, another under-developed) Magnif. 8X
	Рис. 4. Три близнецовых зародыша из одного семени. Увелич. 6Х-Fig. 4. Three embryos from one seed, Magnif. 6X
	Рис. 5. Прорастающее двухзародышевое семя со спонтанным разрывом ткани одного из корней. Увелич. 32Х- Fig. 5. The germinating twin seed with the spontaneous fissure of root tissue in one of the roots. Magnif. 32X
	Untitled
	Рис. 1. Мост в анафазе митоза, микроядра в интерфазе (1400Х).
	Рис. 2. Анафаза митоза с фрагментами (1500Х).
	Рис. 3. Отстающая хромосома в поздней анафазе митоза, микроядра в интерфазе (1200Х).
	Рис. 4. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х) •
	Рис. 5. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х).
	Рис. 6. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 7. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 8. Цитомиксис в мейозе (800Х).
	Absolute decreases in the content of separate groups of flavonoids in isolated buckwheat hypocotyls and cotyledons after a 40 h incubation (16 h light +24 h darkness) in a 0.1 per cent solution of ammonium nitrate as compared with water controls (pg/seedling).
	Рис. 2. Растения красного клевера из питомника посева 1965 г., выращенные при площади питания 50X50 см. Справа дикорастущий из исходных семян, слева из семян 6-й репродукции на плодородной почве (фото I/VII 1966; растения пересажены в сосуды для фотографирования).
	Fig. 1. Polyacrylamide gel electrophoretic patterns of acid phosphatase (Л) and esterase (5). Enzymograms: 1 bulb, 2 root, 3 leaf, 4 stem, 5 petal, 6 anther, 7 stigma-style, 8 ovary.
	Fig. S. Polyacrylamide gel electrophoretic patterns of anodical peroxidases [A) cathodical peroxidases (В), leucine aminopeptidase (C), glucose-6-phosphate dehydro genase (£)), and 6-phosphogluconate dehydrogenase (£). Designations see under Fig. 1.
	Рис. 1. а зависимость прироста сухого вещества растения (S Anti) от потенциала воды почвы (фЦ. Влияние осмотического потенциала замыкающих клеток ( ф_= \ н отно. \ МPg / шения площади корней и листьев (Sr/Si). Сплошные кривые —ф* =—3o бар, пунктирные —Фг. =— 15 бар. Цифры у кривых значения Sr/Si. Относительная влажность воздуха 20% при 25°С (фа = —2,2МО3 бар), Rp =O. б зависимость сопротивления устьиц (г*,) от потенциала воды листа (фт), на основе которого рассчитаны кривые а.
	Рис. 2. Зависимость прироста (2Аm.-) от потенциала воды почвы (ф5). Влияние влажности воздуха (фа) и сопротивления в жидкой фазе тока воды (Rv) при двух значениях Sr/Si (0,2 и 2,0). Сплошные кривые фа= —2,21 • 103 бар (соответствует относительной влажности воздуха 20% при 25°С), пунктирные фа= -0,308-103 бар (80% при 25°С). а—RP= 0, б RP=* 1,8 105 сек-см-г\ фк —3O бар.
	Рис. 3. Зависимость прироста (2Ат,) от соотношения площади корней и листьев (Sr/Si). Цифры у кривых потенциал воды почвы (ф,, бар). Пунктир соединяет максимальные значения SA т,- при различных фB-/?р =O, фа=-2,2М03 бар, ф_==-—3O бар.
	Рис. 4. Зависимость оптимального соотношения площади корней и листьев (Sr/Si)oпт от потенциала воды почвы (ф8) при относительной влажности воздуха 20 и 80%.
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