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The phenomenon of dominance, competition, compensation
and overcompensation in buckwheat productivity

Marek Ruszkowski
Department of Cereals, Institute of Soil Science and Plant Cultivation, 24-100 Pulawy, Poland

Key words: ideotype, habitus, productivity
Abstract

Recognition of changes in buckwheat productivity connected with dominance, competition,
compensation and overcompensation, as a consequence of discarded branches, inflorescences and
leaves, was studied. The most productive was found to be an ideotype of buckwheat with main
stem only, without first or second order branches.

Pojav dominance, tekmovalnosti, nadomeSéanja in preseZznega nadomescanja pri rodovitnosti ajde

Proudevane so bile spremembe v rodovitnosti ajde, povezane s prevlado, tekmovalnostjo,
nadomeséanjem in preseZnim nadomeS¢anjem, ki so bile posledica odstranitve vej, socvetij in listov.
Ugotovljeno je, da je najbolj rodoviten ideotip rastlin ajde, ki ima samo glavno steblo brez
stranskih vej prvega ali drugega reda.

Synopsis
W pracy przedstawiono zmiany w produktywnoSci gryki zwigzane z dominacjg, konkurecja,

kompensacjg i nadkompensacja jako efekt usuwania galazek, kwiatostanéw i lisci. Stwierdzono, ze
produktywniejsze sg ideotypy gryki z gléwnym pedem, bez gatgzek I i II rzedu.

Introduction Simultaneously, there occurs the phenomenon
of competition within inflorescences, between

In buckwheat productivity, there is a very inflorescences and between main stems and
important relationship between initiation and branches of different orders (Aufhammer 1980,

the amount of blossoming and setting of seeds 1987, 1987a, Listowski 1985, Ruszkowska
as yielding organs capacity i.e. their 1965, Ruszkowski 1965). Moreover, in this

accumulative growth level. The intensity of case, the high branching which can be
the generative initiation process and later observed results in most of the nutrients
flower germ growth indicates a typical being used for vegetative growth, and only a
inductive impulse (Kreft 1986, Listowski 1979, small amount is utilized for the accumulation
1985). An intensification of the initiation of photosynthetic products (Kreft 1986,
process and blossoming can be observed Listowski 1979) needed for seed establishment.
together with an increase of the induction It is assumed that the course of
cycles or the time factor. This phenomenon differentiation in the formation of branches
was observed in plants with many active and inflorescences is connected with a
growth apex. In various distributions of plant concentration of hormone type substances
per m® a differentiation in light intensity (Kreft 1986, Listowski 1985). The growth of
occurs with a corresponding blossoming plant mass and assimilation leaf surface is
“eruption”. It probably results from a connected with plant structure, as well as the

multiplying of growth hormones. function of structural elements. It was
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observed in buckwheat that the sink exerts
an influence as a stimulator of the net
assimilation rate (Listowski 1979) through
intensive growing organs, especially the leaf
area, in spite of the ageing of plants.

The main aim of studies has been to
identify changes in buckwheat productivity
connected  with  competition, dominance,
compensation and overcompensation, resulting
from the removal during the vegetation period
of the first order branches, inflorescences on
the main stem and leaves and first order
branches on the main stem.

Material and methods

The study was carried out at Pulawy on
microplots (1m®). Cultivar Emka. Mineral
fertilization: N 60, P>Os 54, K,O 72. Term of
sowing 10*" May, width of rows 33 cm,
distance between seeds in rows 2 cm. During
the vegetation period, we removed forming
branches, inflorescences and leaves on 20
plants according to the experimental scheme.
After harvest we defined the habitus and
yield structure of individual plant.

Results

Buckwheat yield structure analyses have
shown that the main stem is characterized by
the highest productivity, first order branches,
and especially ontogenically older branches,
lower.

The phenomenon of dominance and
competition causes changes in habitus and
productivity of buckwheat plants. Discarding
first order branches results in lengthening of
the main stem and an increase in grain yield.
Discarding the main stem results in a
significant increase in first order branch
productivity.

The phenomenon of compensation and
overcompensation occured only in plants in
which we removed the inflorescences from the
main stem. When a small number of
inflorescences was removed, a compensation

phenomenon was observed, when a high
number - overcompensation.

Changes in buckwheat plant assimilate leaf
surface influences the  habitus and
productivity of the main stem and the first
order branches. A typical dominance and
competition phenomenon occurs. A decrease in
first order branch productivity as a result of
changes in leaf assimilate surface causes an
increase in the grain yield of the main stem.

The ideotype productivity of a single
buckwheat plant is mainly connected with the
yield level of the main stem. Deficiency in the
main stem cannot be compensated by higher
productivity of first order branches.

In genetic and breeding studies, as well as
in the construction of buckwheat field
architecture, it is very important to get the
monotype (only main stem) ideotype of a
buckwheat plant. It is essential for increasing
the yield capacity of buckwheat.
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How to combine the reproductive system with biotechnology
in order to overcome the breeding barrier in buckwheat

Taiji Adachi

Division of Applied Genetics and Biotechnology, Faculty of Agriculture, Miyazaki University,
Gakuen Kibanadai Nishi, 1-1, Miyazaki, 889-21, JAPAN

Key words: Fagopyrum cymosum, F. esculentum, F. tataricum, embryo abortion, embryo culture,
embryo-sac, fertilization, heterostylism, incompatibility, interferomicroscopy

Buckwheat proteins have one of the
highest known biological values, especially
because of the high lysine content. In spite of
its high nutritional value, however, for a long
time there has been a decline in buckwheat
production in all countries (NeSkovi¢ et al.
1986). In order to meet the increasing
demands of rapidly expanding populations in
the coming century, efforts must be made to
improve the productivity of buckwheat. Major
causes of low buckwheat productivity
occurring in its reproductive system might
include: 1) self-incompatibility caused by
dimorphic heterostylism, 2)  incomplete
reproductive organ, mainly in the female, 3)
failure of fertilization, and 4) seed collapse in
the post-zygotic stage (Adachi 1986).

I would like to describe here the present
status of these experimental problems
according to our own research.
caused by

Sporophytic incompatibility

heterostylism.

F. esculentum and F. cymosum have a
dimorphic sporophytic system of
self-incompatibility. The incompatibility
reaction has been recognized to be governed
by a complex of genes or a super gene, S
(Sharma and Boyes 1961). However, deformed
characters can sometimes he observed which
must be controlled by subgenes. We induced
the autotetraploid to diversify the genotypes
by colchicine treatment. The progeny obtained
frequently included autogamous homomorphic
lines (Adachi et al. 1982). In the case of an

illegitimate combination in the diploid, the
incompatibility caused by heterostylism was
so strong that almost all of the pollen tubes
failed to reach the base of the style. In
contrast, the inhibition of pollen tubes tends
to be weaker in induced autotetraploids,
especially in deformed strains PH (Pin-type
homostyle) and TH (Thrum-type homostyle).
We tried to analyse the genetic composition of
heterostylism by using variations in the style.
We have reported some results elsewhere.
However, a chromosomal irregularity occurs in
the autotetraploid during meiosis. Further
analysis might be limited in autotetraploids.
Recently, in vitro culture and subsequently
plant regeneration from callus have been
achieved by several researchers. Prof. Kreft
has indicated the possible applications of in
vitro techniques to buckwheat (Kreft 1983).
One of them would be to analyse haploid
formation. If we can obtain haploid plants
easily by anther culture, the morphological
and genetic analysis might be made very
easily. Our laboratory and Bohanec (1989)
succeeded in anther culture in buckwheat.
However, to date these plants have all been
diploid. We have reported the anther culture
method (Adachi et al 1988). However, real
haploids have not yet been successfully
obtained.

Another possible challenge might be the
use of tartary buckwheat, #. tataricum for
overcoming heterostylism, which is only one of
the self-compatible species in the genus
Fagopyrum. Cross-incompatibility with
common buckwheat is, however, strong with
the conventional method. If we could succeed
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in fusing the somatic cells of common and
tartary buckwheat, this could provide a new
prospect not only for the analysis of
heterostylism incompatibility but also for an
improvement in productivity.

Defectiveness of embryo-sac and failure of
fertilization.

Low and unstable seed set of buckwheat
depends on environmental conditions, especially
high temperature. The main cause of the
defect is abnormal development of the
reproductive  organs. Nakamaura (1949)
defined it as an enervative sterility of the
pre-zygote  under cultivation at  high
temperature. It is impotence caused by the
incomplete development of the embryo sac
which might in turn be caused by an
imbalance between assimilation and
respiration in the floral organs. Adachi and
Kajita (1989) reported varietal differences of
flower number and seed set along each
cluster in autumn and spring seasons as
shown in Fig. 1. Lachmann and Adachi (1989)
studied varietal responses in the reproductive
characteristics, especially flower number and
seed set, depending on photoperiodism and
thermoperiodism under controlled conditions.
On this basis, plant breeders should attempt
to decrease the total number of flowers per
plant. Less energy would then be wasted in
flower formation in buckwheat.

Post-zygotic embryo abortion and embryo
culture.

Nakayama (1975) pointed out the genetic
control of post-zygotic seed abortion. We
suggested that there might be a critical point
for embryo growth bhetween 2 and 3 days
after pollination. Embryo development after
pollination = was  subsequently  followed
histochemically by new embedding techniques
which were developed in my laboratory. Fig. 2
shows the symptoms indicating embryo
abortion. We have recently succeeded in
observing embryo development very easily and
in detail by Nomalsky’s differential

interferomicroscopy, as shown in Fig. 3. It
could be useful for analysis of seed collapse in
the developmental process. By checking
proembryonic  abortion, Uchinomiya (1990)
succeeded in ovule culture just three days
after pollination.

It is necessary to continue to devise a
breeding strategy for overcoming breeding
barriers by using the flood of developments in
plant biotechnology.
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Fig. 1. Flower number and seed set in buckwheat varieties.
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Fig. 2. Embryo development of autotetraploid buckwheat (From Adachi 1986).

a) one day after pollination (normal), b) three days after pollination (normal), ¢) four days after
pollination (normal), d) to i) are abnormal development of embryo or collapse of embryo-sac. Bar
represents 50 pm.

E - egg cell, En - endosperm, Nu - nucellus cells, Pt - pollen tube, Su - suspensor
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Analyses of genetic variants in common buckwheat,
Fagopyrum esculentum Moench: A review

Ohmi Ohnishi

Laboratory of Genetics, Faculty of Agriculture, Kyoto University, Kyoto 606, Japan

Key words: developmental traits, dwarfism, genetic analyses, heterostyly, isozyme variability, leaf
morphology, linkage map, morphological traits, mutants, physiological traits, self-incompatibility

Introduction

This article briefly reviews genetic analyses
of morphological, physiological and
developmental traits and isozyme variability
in common buckwheat. Since genetic studies
on these characters have only recently started
in buckwheat, many of them are still at a
premature stage for practical buckwheat
breeding. Morphological analysis by crossing
two distinct land races does not work well in
buckwheat since land races are not well
differentiated morphologically. On the other
hand, buckwheat is  heterostyly and
outbreeding and thus displays great genetic
variability within a population. The first
genetic analyses of mutants utilizing this
trait of population variation were performed
by Ohnishi (1986), and Ohnishi and Ohta (1987,
1989). Variant plants can be induced
artificially by irradiation and chemical
mutagens (see, for example, Zheleznov 1965,
Alekseeva 1986, 1989) and may be used for
buckwheat breeding. = However, genetic
analysis on such induced mutations has not
been achieved so far.

The subsequent section contains a list of
genetic variants found in common buckwheat
[the name of mutant (gene symbol, its linkage
group)] and a brief description of the results
of genetic studies on them. Among the
morphological variations listed, vestigial petals
(Vp) is the only dominant mutant; all other
mutants are recessive.

DESCRIPTION OF MUTANTS
MORPHOLOGICAL TRAITS
1. Heterostyly

(1) Self-incompatibility (S, I

Charles Darwin pointed out heterostyly in
buckwheat more than a century ago. It is
controlled by a sporophytically acting single
locus: thrum Ss and pin ss. The locus
simultaneously controls style length, anther
position, pollen size and self-incompatibility.
This complex locus was first analyzed by
Sharma and Boyes (1961). They proposed five
closely linked loci to interpret observed
variation in heterostyly-related traits. This S
locus has been shown to be closely linked
with the loci, dwE (one of the loci controlling
dwarfism), Mdh-3 and Est-1 (Ohnishi 1986,
Ohnishi and Ohta 1987). The linkage group
including the S locus is now designated
linkage group I.

2. Dwarfism

Dwarfism in buckwheat is caused by
several loci (Ohnishi and Nagakubo 1982); at
present six loci are known. Dwarf plants
caused by different loci are distinguishable in
some cases (e.g. dwA vs. dwD) but not in
others (e.g. dwA vs. _dwC). The plant height
of dwarf plants is highly dependent on the
genetic background as well as on the loci
involved.
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(2) dwarf A (dwA, II)

Dwarf plants are 10-50 cm in height, but
they are sufficiently vigorous and fertile. This
is one of the most commonly found types of
dwarfism in buckwheat and many dwA
mutant lines have been isolated from
cultivated populations in Japan and other
countries (Ohnishi and Nagakubo 1982,
Ohnishi 1988a). The dwA locus is closely
linked to the loci gsA and ct, and moderately
to the Adh locus (Ohnishi 1986, Ohnishi
unpublished). This is a good genetic marker
for linkage group I

(3) dwarf B (dwB, 1)

This type of dwarfism was first found in a
sib-line from the Higashi-Iyayama population
in Japan. It is characterized by truncation of
the tips of the foliage leaves. The dwarf
plants usually grow to more than 50 cm but
are less fertile than normal plants. The dwB
locus also belongs to linkage group II (Ohnishi
1986).

4) dwarf C (dwC, III)

This is the dwarfism most commonly found
in farmers’ fields (Ohnishi and Nagakubo
1982). Plant height, usually 10-70 cm, is
highly dependent on the genetic background.
It has good viability and similar fertility to
normal plants and is therefore a good
morphological marker for linkage group IIL
The dwC locus is closely linked to the py8
and pg6 loci and moderately to the ir, Sdh-1,
and Got-2 loci.

(5) dwarf D (dwD, IV)

This form of dwarfism is also frequently
found in cultivated populations (Ohnishi and
Nagakubo 1982). At the early stage of
growth, it has a stem with short internodes
and a height of only 10-15 cm, though it later
extends less branched stems and reaches 20-60
cm depending on the genetic background. The
locus is closely linked to the wl locus.

6) dwarf E (dwE, I)
This locus is closely linked to the
self-incompatibility locus S (Ohnishi 1986). A

variety with this dwarf mutant allele has
been registered in Canada. Allelism between
the allele found in Japan and that found in
Canada was confirmed in a cross between
them. The dwarf plants have more branches
than  normal plants, and grow to
approximately 40-60 cm in height. They are
vigorous, but less fertile.

(7) dwarf F (dwF, II)

This type of dwarf has seldom been found
in cultivated populations. The dwarf plants
grow to 30 cm at most. The first internode of
the plants is almost normal, but the second
and latter internodes are extremely short;
foliage leaves thus grow compactly near the
top of the main stem. The mutant stock
isolated from the Kamiagata population in
Japan is poorly fertile, although it has normal
pollen fertility. The locus is loosely linked to
the Sdh-1 and Got-2 loci (Ohnishi and .Ohta
1987).

3. Leaf morphology

The common buckwheat leaf is sagitate or
triangular. Several mutants affecting leaf
morphology have been found, of which cut
leaf (ct), irregular cuts (ir), long leaf (g),
miniature leaf (min) and willow leaf (wl)
alter the leaf shape, while the mutants crepe
leaf (cp) and thick leaf (thl) have a quite
different appearance on the leaf surface. Leaf
morphology mutants are, in general, good
genetic markers unless they suffer from male
or female sterility.

(8) crepe leaf (cp, ID
The surface of the foliage leaves is

shrivelled like crepe. This mutant was first
found in a sib-line of the Kamiagata
population in Japan. Another line from the
Kim-hae population in Korea was allelic to
the cp line mentioned above. This mutant is
female sterile in most circumstances, but
occasionally has a low fertility, probably
depending on the genetic background. This
mutant belongs to the second linkage group
(Ohnishi and Ohta 1987), but the exact
location has not yet been determined.
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(9) curled leaf (cu, III)

The mutant has upward curled leaves. It is
known to be linked to the Sdh-1 and Got-2
loci, hence belongs to linkage group III
(Ohnishi and Ohta 1987). This mutant shows
poor fertility, so genetic analyses have not
progressed very far.

(10) cut leaf (ct, II)

This mutant was first found in a sib-line
derived from the Kim-hae population in Korea.
The tips of the foliage leaves have irregular
cuts. The mutant plants are completely
female sterile, although they have normal
pollen fertility. ct is closely linked to the gsA
and dwA loci (Ohnishi 1986, Ohnishi and Ohta
1987).

(11) irregular cuts (ir, III)
It was first found in a sib-line originated

from the Chilin population in China. A new
mutant with a similar phenotype was also
found in a homozygous line of gsB (green
stem B). The ir locus belongs to linkage group
III and lies between _dwF and Got-2 (Ohnishi
and Ohta 1989). In spite of its distinct
abnormality of leaf shape, mutant plants
show good fertility in both male and female
organs and are easily maintained as a
homozygous line.

(12) long leaf (g, ?)
The  phenotype of this mutant is

characterized by slightly longer foliage leaves;
the width remains almost the same as normal.
It is occasionally indistinguishable from
normal plants. The linkage relationship has
not yet been determined.

(13) miniature leaf (min, VIII?)

The foliage leaves of the mutant line have
small leaves, slightly narrower and about
1/2-2/3 the length of normal leaves. When
this mutant was first found in a sib-line of
an Hungarian population, it had very small
short leaves and was thus called 'miniature
leaf’”. The min locus probably belongs to
linkage group VIII since its inheritance
appears to be independent of any of the

known mutants. However, it remains possible
that it is located on the tip of another
chromosome (Ohnishi and Ohta 1989).

(14) stuck cotyledons (sc, III)

When the seeds germinate, two cotyledons
are stuck together face to face. The mutant
plants can later grow foliage leaves, though
very weakly. This mutant is very weak and
less fertile, but still fertile enqugh to be kept
as a mutant line. It has recently been
revealed that the sc locus is linked to the
Sdh-1 and Got-2 loci, and hence belongs to
linkage group III (Ohnishi unpublished).

(15) thick leaf (thl, VII)

This recessive mutant has thick dark green
leaves both in the cotyledons and foliage
leaves. Female fertility is slightly depressed.
It is closely linked to the Pgm-2 and Mdh-1
loci of linkage group VII  (Ohnishi
unpublished).

(16) willow leaf (wl, V)

The foliage leaves of this mutant are
narrow and long, like a willow leaf. The
mutant was isolated from the Kamiagata
population in Japan. Mutant plants have
normal vigor and normal pollen fertility, but
they are almost completely female sterile. It
is therefore quite difficult to keep the mutant
line by sib-crosses. It was revealed that the
wl locus is closely linked with the dwD and
Pgi-1 loci, indicating its membership of
linkage group V (Ohnishi and Ohta 1987).

4, Stem color

Green stem, pink stem, brown stem and
yellow stem are the most commonly found
stem color abnormalities. More than three loci
are involved in the green stem character in
buckwheat; each expresses green color in the
stems and branches (Ohnishi and Ohta 1987,
1989). The green stem phenotypes caused by
distinct loci are indistinguishable from each
other. Pink stem is also controlled by more
than one locus. At present only one locus has
been identified for the brown stem although
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more than one locus will probably be involved
(Ohnishi unpublished).

(17) green stem A (gsA, II)

The gsA mutant is the most commonly
found type among the different green stem
variants (see Ohnishi and Ohta 1987). Mutant
homozygotes have clear green stems and
branches. The mutants have good viability
and good fertility; so this is one of the best
morphological markers for any purpose. The
gsA locus is very tightly linked with the
dwA and ct loci.

(18) green stem B (gsB, II)
This mutant also has clear green stems and

branches. The mutant was isolated from the
Bosna population in Yugoslavia. It is as
vigorous as normal but has quite low
fertility. The _gsB locus is linked with the rc
(red cotyledons) and bw (brown stem) loci, and
all together they compose linkage group VI
(Ohnishi and Ohta 1989).

(19) green stem C (gsC, II)
This is another stem color mutant

displaying clear green stems and branches.
Two mutually allelic mutant lines have been
established from inbred lines, one from the
Geihoku population in Japan and one from an
Hungarian population. This is not a good
marker since the mutant homozygotes are
almost completely female sterile. The gsC
locus also belongs to the linkage group II, but
is located far from dwA, ct and gsA (Ohnishi
and Ohta 1987).

(20) green stem D (gsD, VII)

The mutant was isolated from the
Syabrubensi population in Nepal. The stem
color is dull green or yellowish green, slightly
different from other green stem mutants (gsA
- gsC) although in many circumstances all
green stem mutants are indistinguishable
from each other. Its linkage with the Pgm-2,
Dia-1 and 6-Pgdh-1 loci has recently been
clarified (Ohnishi unpublished).

(21) pink stem (ps, VI)
The mutant plants have clear pink stems

and branches. The pink stems are physically
weak so the mutant plants often suffer from
lodging. The mutant plants have excellent
fertility so the ps locus is a good
morphological ~ marker for  experimental
purposes. When the ps mutant is combined
with any of the green stem mutants, the
double mutant displays colorless stems. The
ps locus is closely linked with the vestigial
petal Vp mutant (Ohnishi 1986).

(22) pink stem B (psB, III)
The mutant displays dark pink stems at

the early stage of development, and later
becomes nearly normal in color, but less
vigorous. This mutant has quite low female
fertility, and is hence difficult to keep as a
homozygous line. It is linked with the py8,
Sdh-1 and Got-2 loci in linkage group III.
However, the exact location of it has not been
determined so far (Ohnishi and Ohta- 1989,
Ohnishi unpublished).

(23) pink stem C (psC, ?)
The pink stem mutant isolated from an

Hungarian population by a sib-cross was not
allelic to any of ps, psB and _psD (Ohnishi and
Ohta 1987). However, no further genetic
analysis has been achieved.

(24) pink stem D (psD, I)

Although this mutant is called "pink stem’,
it actually has pale yellowish pink stems, and
is quite different in stem color from the other
pink stem mutants. The stems of the mutant
always elongate at the early stage of
development and often suffer from lodging.
The mutant plants have fewer branches and
fewer flowers, and hence set fewer seeds. This
mutant psD locates near the S locus of
linkage group I (Ohnishi and Ohta 1989).

(25) brown stem (bw, V)

The mutant has brownish stems; the stem
color is usually distinguishable from that of
the other stem color variants and normals,
but occasionally indistinguishable from normal
color. The brown mutant isolated from the
Higashi-Iyayama population in Japan is closely
linked with the red cotyledon (rc) and green
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stem B (gsB) loci (Ohnishi and Ohta 1989).
Other locus or loci than the bw mentioned
above are probably involved in the same
brown stem phenotype.

(26) yellow stem (ys, II)
This mutant is characterized by brownish

yellow stems. The yellow stems of mutant
plants elongate at an early stage of
development, like the psD mutant. No detailed
linkage analysis has been yet achieved, but a
preliminary analysis indicates that the ys
locus is linked to the dwA locus, hence it
belongs to linkage group II (Ohnishi
unpublished: data on dwA x ys given in the
footnote of Table 3 of Ohnishi and Ohta 1987
are incorrect).

5. Leaf color mutants

Mutants in this category, with the
exception of red cotyledon mutant (rc), which
has extra red pigmentation in the cotyledons,
are  chlorophyll-deficient. = Ohnishi  (1982)
pointed out that more than 100 loci are
probably involved in chlorophyll-deficient
phenotypes. Mutants have been classified for
the sake of practical convenience into albino,
yellow, pale yellow, pale green and
variegated. Albino and yellow mutants have
an unambiguous clearcut phenotype. Genetic
analyses on them are, however, very difficult
since they are lethal and maintenance of these
mutants in a heterozygous condition is
impracticable. The variegation of leaf color
has attracted the attention of buckwheat
breeders. Some variegation mutants segregate
as a Mendelian factor (see Ohnishi 1982), but
others exhibit a rather complicated manner of
inheritance (Ali-Khan 1971, Tatebe 1972).
Variegation mutants do not, therefore, make
good genetic markers. Mutants analyzed for
their linkage relationship are thus mostly the
pale green or pale yellow types, which are not
lethal.

(27) red cotyledons (rc, VI)
The cotyledons of this mutant are dark red

when they are extended after germination.

The leaf color later becomes almost normal
though the red coloration remains in the stem,
branches and flowers. The vigor and fertility
of the mutant are normal, but it has a
weaker root system. The rc locus is linked
with the bw and gsB loci (Ohnishi and Ohta
1989). The double mutant gsB rc¢ homozygote
has creamy green stems and this phenotype is
distinguishable from gsB and rc as well as
from normal.

(28) pale green No. 6 (pg6, II)

A mutant with pale green foliage leaves
was isolated from the Niimi population in
Japan by sib-cross. This mutant, pg6, is
closely linked with dwC and Got-2 (Ohnishi
and Ohta 1987).

(29) pale yellow No. 8 (py8, III)

The mutant has pale yellowish cotyledons
and foliage leaves. It is distinguishable from
normal plants throughout all stages of
development. It has good viability and
fertility and so is an exceptionally good
genetic marker. It is closely linked with the
dwC locus and moderately with the Sdh-1 and
Got-2 loci (Ohnishi and Ohta 1987).

(30) pale yellow No. 12 (pyl12, III)

A pale yellow mutant was isolated from an
Hungarian population, and its close linkage to
the dwC locus was revealed by Ohnishi and
Ohta (1987). That is all we know so far about
this mutant.

(31) pale yellow No. 22 (py22, III)

This mutant was isolated from the Che-ju
population of Korea. Both cotyledons and
foliage leaves have a pale yellow color.
Ohnishi and Ohta (1987) reported that it is
moderately linked to the dwC, Sdh-1 and
Got-2 loci.

(32) pale yellow No. 23 (py23, III)

This mutant was isolated from the
Kamiagata population in Japan. The mutant
has a pale yellow color in both the cotyledons
and foliage leaves. It has been demonstrated
that the py23 locus is linked with the Sdh-1
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locus (Ohnishi and Ohta 1987) and the Got-2
locus (Ohnishi unpublished). It thus clearly
belongs to linkage group III.

(33) pale yellow No. 24 (py24, VII?)

The mutant has clear yellow to pale yellow
cotyledons and foliage leaves. The foliage
leaves of the mutant are also apparently
thinner than normal leaves. The plants have
weaker viability and lower fertility. Although
it has been suggested that the py24 locus is
distantly linked to the Pgm-2 locus (Ohnishi
and Ohta 1987), this conclusion is questionable
(Ohnishi unpublished).

(34) pale yellow No. 25 (py25, V)

This pale yellow mutant, isolated from the
Yarsa population in Nepal, exhibits a pale
yellow color in both the cotyledons and
leaves. It has now been shown to be linked to
the ps locus, indicating its membership of
linkage group V (Ohnishi unpublished).

6. Other morphological characters

(35) vestigial petals (Vp, V)

The gene symbol Np was used for this
mutant in Ohnishi (1986). This is a dominant
mutant; all other morphological mutants so
far found in buckwheat are recessive. This
mutant was first found as a mutant plant in
a farmer’s field in Niimi, Japan. The flowers
of both the heterozygotes Vp/+ and the
homozygotes Vp/Vp have vestigial petals and
look like petalless flowers. Howeéver, the
mutants occasionally have white vestigial
petals. The expression of Vp probably depends
on the genetic background. Both the
homozygotes and the heterozygotes are viable
and fertile. It is linked to the ps locus
(Ohnishi 1986).

(36) determinate growth habit (det, ?)

This mutant plant has a determinate rather
than the normal indeterminate growth habit.
It was first found by Fesenko (1968) and later
independently by Bohanec and Kreft (1981).
The frequency of the det gene has been found
to be very high in such cultivated populations

as the Ticino population in Italy and several
Yugoslav populations (Ohnishi unpublished).
The det gene has pleiotropic effects: cessation
of further growth of the apex and new leaves
and the formation of a unique morphology of
the inflorescence (see Kreft 1989). It has been
used for improving cultivars with respect to
uniform ripening, resistance to lodging and
constant yield. The expression of the det gene
highly depends on the genetic background, and
it is therefore often difficult to distinguish
these mutant plants from normal plants. As a
result, genetic analysis of this mutant has not
progressed.

(37) bushy inflorescence (bs, III?)

When the mutant plants mature, short
branches clump from the uppermost part of
the main stem, like the dwF plants. The leaf
and stem color of the mutants are slightly
paler than in normal plants. The mutant
plants are thus distinguishable even at an
early stage of development. Since the mutant
homozygotes are almost completely female
sterile, linkage study of the mutant has not
progressed very far. However, a preliminary
analysis indicates that it belongs to linkage
group III (Ohnishi unpublished).

I now  briefly comment on other
morphological traits. Morris (1947) reported
that winged seeds are dominant over
non-winged ones, although inheritance of the
trait was rather complicated. Apparently two
types of winged condition ‘are present in
buckwheat; one has thick broad wings and is
often found in land races from the northern
part of temperate Asia, ie. Japan and
northern China. The other type is found
mainly in  southern  China and has
faintly-notched thin wings around the edges
of the kernels (Ohnishi wunpublished). No
detailed study has been made on these
variants. Flower color is also variable among
different land races as well as among
individuals in a population. Most plants in
Agia have pale pink flowers, while Japanese
and Korean land races have white flowers.
Seed color is also known to be variable among
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land races; the grey buckwheat races found
in southern Europe, Yugoslavia, Italy and
France, are remarkably beautiful (Kreft
1981). Unfortunately, genetic studies have
not been performed on the color of seeds
and flowers.

ISOZYME LOCI

Electrophoretic analysis of isozymes in
buckwheat was started in 1983 in my
laboratory. The main purpose was a
world-wide survey of allozyme variability
(see Ohnishi 1988b). Linkage analyses of
isozyme loci, particularly of those loci
showing polymorphism, can easily be done
by analyzing F., progeny (Ohnishi 1986).
Furthermore, combining isozyme loci and
morphological traits, linkage analyses have
greatly progressed in a short time (Ohnishi
and Ohta 1987, 1989). The method of
electrophoresis employed with buckwheat is
standard, so see for example Tanksley and
Orton (1983) and Ohnishi and Nishimoto
(1988).

(38) Alcohol dehydrogenase (Adh, II)

Only one locus is known to be involved
in buckwheat Adh, although two loci are
usually known in Adh in other plant
species. The enzyme is only active in the
seeds; after germination, activity quickly
decreases in the leaves and other tissues. It
has now been shown that the Adh locus is
closely linked with the gsA and dwA loci,
indicating its membership of linkage group
II (Ohnishi unpublished).

(39) Diaphorase (Dia-1, ?; Dia-2, VII)

Diaphorase is controlled by two independent
loci, designated by Dia-1 and Dia-2. The Dia-2
locus controlling the slower band is
polymorphic in most Chinese and Nepali
populations (Ohnishi and Nishimoto 1987,
Ohnishi 1988b). The locus is linked with the
gsDD, Pgm-2, 6-Pgdh-1 and Mdh-1 loci (Ohnishi
and Ohta 1989). The Dia-1 locus is completely
monomorphic in all populations so far studied,
so no genetic analysis has been carried out.

(40) Esterase (Est-1, I; several unidentified
loci)

Many loci are involved in esterase in
buckwheat, as in other plant species. The
electrophoresis  methods  employed  with
buckwheat, however, do not clearly separate
esterase isozymes. Only the fastest band has
therefore been analyzed so far. It is controlled
by an Est-1 locus which is linked with the S,
psD and Mdh-3 loci (Ohnishi and Ohta 1989).

(41) Fumarase (Fum, II?)

Experimental band patterns show that only
one locus is involved in this enzyme in
buckwheat. It is completely monomorphic in
all known populations in the world and so no
detailed genetic analysis has been performed.
However, a preliminary experiment using a
variant plant shows its probable location in
the second linkage group  (Ohnishi
unpublished).

(42) Glutamate dehydrogenase (Gdh, ?)

Judging from observed band patterns, this
enzyme is controlled in buckwheat by one
locus. Although it shows allozyme variability
in a few populations in Asia (see Ohnishi and
Nishimoto 1987, Ohnishi 1988b), no detailed
genetic study has been carried out.

(43) Glutamate-oxaloacetate transaminase (=
Agpartate aminotransferase) (Got-1, ?; Got-2,
1ID)

At least two and probably three loci are
involved in Got in buckwheat. The Got-1
locus which controls the fastest band zone is
almost completely monomorphic; so no
attempt has been made to reveal its linkage
relationship. The Got-2 band is more active in
the leaves than in the seeds. This locus is
polymorphic and has three alleles in most
populations. The Got-2 locus is closely linked
with the dwC, pg6, pg8, Lap and Sdh-1 loci
(Ohnishi and Ohta 1987, 1989). Along with the
Sdh-1 locus, this is a good marker for linkage
group III.

(44) Isocitrate dehydrogenase (Idh, VII)
This enzyme is also controlled by one locus.
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The enzyme is dimeric, hence three bands
appear in heterozygotes, but in homozygotes
twin bands appear, one main band and one
ghost. Utilizing a mutant isolated from the
Dunche population in Nepal, a preliminary
analysis was carried out and the result
shows that the Idh locus is linked to the
thl locus, indicating .its membership of
linkage group VII. (Ohnishi unpublished).

(45) Leucine aminopeptidase (Lap, III)

Lap shows monomeric band patterns. It is
completely monomorphic in all land races so
far examined. Using a variant plant, it was
shown that the locus is linked to the py8
Sdh-1 loci (Ohnishi and Ohta 1989).

(46) Malate dehydrogenase (Mdh-1, VII;
Mdh-3, I; Mdh-4, I?)

Three loci have been analyzed; however,
judging from the band patterns which have
appeared, at least two more loci are
probably involved in Mdh in buckwheat.
The Mdh-1 locus which controls the fastest
band zone in Mdh is highly polymorphic in
all known populations of the world (Ohnishi
1988b). The locus is closely linked with
Pgm-1, 6-Pgdh-1 and gsD (Ohnishi and Ohta
1989). The locus name of "Mdh-2" has
tentatively been given to the second fastest
band zone in Mdh. However, it always
shows the same band patterns as Mdh-1,
which may imply that the Mdh-2 band is
just an experimental artifact. No further
analysis has been done on it. The Mdh-3
locus controls the most active third band in
Mdh. The Mdh-3 locus is polymorphic in
most populations. The locus is closely linked
with the S, psD and dwE loci (Ohnishi and
Ohta 1987, 1989). The Mdh-4 band overlaps
with the Mdh-3 band if the N or S alleles
segregate at the Mdh-3 locus. On the other
hand, if the Mdh-3 locus has the F allele,
the _Mdh-4 bands do not overlap with the
Mdh-3 band, and the Mdh-4 locus can easily
be analyzed. Preliminary study indicates
that the Mdh-4 locus is linked with the S
locus (Ohnishi unpublished).

(47) Phosphoglucomutase (Pgm-1, ?, Pgm-2
VI

Pgm is controlled by two independent loci
in buckwheat as in many other plant species.
The slower band is controlled by the Pgm-2
locus, which is highly polymorphic in all
known populations in the world except
populations in Kashmir, India (Ohnishi and
Nishimoto 1988). The Pgm-2 locus is tightly
linked to the 6-Pgdh-1, and also moderately
with the Dia-2, Mdh-1 and gsD loci (Ohnishi
and Ohta 1987). The Pgm-1 locus is usually
monomorphic, so genetic analysis has not been
carried out.

(48) Phosphoglucoisomerase (Pgi-1, V; several
unidentified loci)

Electrophoresis of Pgi did not yield clearcut
bands on the anodal side, so only the band
zone on the cathodal side has been analyzed.
It is monomorphic. Using a variant plant, the
Pgi-1 locus has been shown to be linked with
the wl locus (Ohnishi and Ohta 1989) and the
dwD locus (Ohnishi unpublished).

(49) 6-Phosphogluconate
(6-Pgdh-1, VII; 6-Pgdh-2, ?)

Two loci are involved in this enzyme in
buckwheat. The 6-Pgdh-1 that controls the
faster band is highly polymorphic in most
populations in China and Japan (Ohnishi
1988b). It is closely linked with the Pgm-2
locus and moderately with the Dia-2 and
Mdh-1 loci (Ohnishi and Ohta 1989). The
pattern of the second 6-Pgdh-2 band varies at
different stages of germination and early
development; genetic analysis of the locus is
therefore quite difficult.

dehydrogenase

(50) Sikimate (Sdh-1, III;
Sdh-2, ?)

This enzyme is also controlled by two loci.
The Sdh-1 locus which controls the faster
band is highly polymorphic in all populations.
It is closely linked with the isozyme loci
Got-2 and Lap and the morphological markers
dwC and dwF. The second locus, which is less
active, has not been analyzed because it is
entirely monomorphic. This enzyme can be

dehydrogenase
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assayed both in leaves and seeds. Sdh-1 is
thus a good genetic marker in linkage studies.

PHYSIOLOGICAL AND DEVELOPMENTAL
CHARACTERS

Photoperiod
Buckwheat is a short-day crop, and is

therefore grown in summer to autumn. When
it is grown in spring or early summer, it
grows very tall but has fewer flowers and
sets essentially no seed. Such physiological
aspects of photoperiod in buckwheat have
been extensively investigated since they are
of practical importance for cultivation and
breeding of buckwheat (see for example
Lachmann et al. 1989, Cai et al. 1989, see also
Skok and Scully 1955). Nagatomo (1962)
studied the dark period necessary for flower
initiation and demonstrated that a ten hour
dark period is necessary for flower formation
in autumn type (short-day) buckwheat and
nine hours in summer type (day-neutral)
buckwheat. Furthermore, he suggested that
the summer type is dominant over the
autumn type. This is a rather unexpected
result, since the autumn type seems to be
"wild"; his results should be confirmed by
future studies.

Developmental factors

Earlier and more uniform ripening of
kernels is necessary for improving the yield in
buckwheat. Earliness or lateness in ripening is
a trait controlled by polygenes and possibly
also major genes. No statistical analysis has
been attempted on this trait. (The same is
true of other quantitative characteristics;
hence quantitative traits have not been
included in this review). A mutant which
considerably retards  development  and
flowering was found in a sib-line of the
Togakushi population in Japan. A recessive
single gene is responsible for this mutant. No
further study, however, has been done so far.
Similar mutants, giants, have been found by
Alekseeva (1989), after irradiation (see also
Bochkareva 1989). At one time, a group of
buckwheat scientists at Shinshu University

tackled a variant which causes seed abortion.
However, they did not succeed in isolating and
analyzing the seed abortive mutant.

Lethality and sterility mutants

Lethal mutants have been studied in many
plant species. They are incidentally found by
detection of a skewed segregation ratio of the
marker genes. In buckwheat, a lethal factor
has been detected closely linked to the dwD
locus, but detailed study on it has not been
performed (Ohnishi unpublished). Ohnishi and
Katayama (1981) surveyed male and female
sterility mutants segregating in cultivated
populations. They reported that approximately
20 genes are involved in total in male
sterility and another 20 genes in female
sterility. However, the maintenance of male
and female sterility mutants in the laboratory
is very tedious, so genetic study on .them is
impracticable at present.

Disease resistance

Fungal or viral disease has not been
studied very much in buckwheat. Research
has just started (see example Milevoj 1989,
Bobkova and Polivanova 1989). Systematic
study of disease resistance in buckwheat must
at present focus on the isolation of different
fungal and viral strains and of disease
resistant and susceptible buckwheat races.

In conclusion, an up-to-date linkage map of
Fagopyrum esculentum is presented in Figure
1. Many of the loci studied are known only
by their linkage group, their exact locations
on the chromosomes have not been
determined. Furthermore, many mutants,
particularly those induced by irradiation and
chemical mutagens in the Soviet Union have
not been genetically studied. Further studies
will be required to construct a detailed
linkage map that can be used in buckwheat
breeding.
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Figure 1. Linkage map of common buckwheat. Approximate positions of the loci are shown; the
position of loci shown in parentheses have not yet been determined.
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Abstract

Common buckwheat (Fagopyrum esculentum Moench) is one of the most typical cultivated
plants whose flowers display dimorphic heterostyly and self-incompatibility. In general, this plant
requires legitimate pollination between different flower types, pin and thrum. The present paper
briefly reviews the development of knowledge of the pollination biology and reproductive ecology
of buckwheat for the purpose of breeding improvement, seed growth and cultivation technologies
on the basis of the nature of the breeding system and its evolutionary significance, and which
has resulted in increased heterosis, adaptibility in seed yield and genetic diversity.

Biologija oprasitve in ekologija razmnoZevanja za pozlahtnitev ajde

Ajda ima med polj$¢inami najbolj znacilen dimorfizem cvetov in samoinkompatibilnost. Rastlina
potrebuje za uspeSno opraSitev pelod z rastline drugega tipa. V tem c¢lanku je kratek pregled
biologije oprasitve in ekologije razmnoZevanja ajde, da bi tako prispevali k Zlahtnjenju,
semenarstvu in izboljSanju pridelovanja ajde. K vsemu temu lahko prispevajo raziskave naéina
razmnoZevanja ob upoStevanju evolucije; mozno bi bilo poveéati heterozo, adaptabilnost, genetsko

raznolikost in pridelek zrnja.
Introduction

Knowledge of the so-called pollination
and/or reproductive biology of any cultivated
species is the most important and practical
science for establishing useful plant breeding
methods as well as for clarifying the process
of species and varietal differentiation in the
plant kingdom.

Common buckwheat (Fagopyrum
esculentum Moench) is one of the most typical
cultivated plants whose flowers display
dimorphic heterostyly and self-incompatibility
(Darwin 1876). Although buckwheat seed is a
very valuable and widely used food in the
world, systematic breeding research has not so
far been carried out except in the USSR,
Poland, etc. There are therefore many
phenomena in the buckwheat life cycle which

remain unknown.

In the USSR, mass selection of buckwheat
was started in 1917 at the Shatilov (now
Kursk) Station and a leading variety named
‘Bogatyrj (Hero) of high nutritive quality and
large grain was released (Kopeljkievskii 1937).
The author simultaneously provided a great
deal of important information on the
pollination biology and reproductive biology of
buckwheat which he had discovered through
his breeding research work: cross-pollination
occured both by wind and insects, special
isolation was therefore needed for breeding
work; an improved variety could be produced
in seven years; by selecting only the largest
seeds of a population a yield increase of as
much as 44% was obtained; a new type of
flower in which the pistil and stamens were
of equal length had been found in a number
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of individuals alongside the ordinary
heterostylous forms; inbreeding by
self-pollination had been found to be quite
possible and dwarfs and other abnormalities
were isolated in inbred generations; a marked
reduction in yield was observed in the first
inbred generation but yields progressively
increased again in later generations.

Omljchenko (1940) reported that buckwheat
is very sensitive to environmental conditions
and best yields are obtained from varieties
when grown in their own locality; the main
way of obtaining higher yields from
buckwheat is by selection of varieties suited
to the region of growth, combined with good
cultivation under favourable weather
conditions; selection and breeding of new high
yielding varieties should be based primarily on
local forms or varieties from ecologically
similar regions.

Krotov (1944) also performed basic studies
on samples of seed from crops sown on large
isolated areas and compared them with
samples which were the product of one to
four years of cross-pollination among different
varieties of buckwheat. He concluded that
cross-pollination tended to increase the grain
yield, but that this was most pronounced in
varieties with a low yield and least
pronounced (sometimes a decrease) in high
yielding varieties; and the increase became
larger as successive pollinations became more
frequent. The decisive influence, however, was
exerted by the conditions which prevailed
during the growth of the parent plants and
during the period of pollination; the length of
the growth period, certain morphological
characters, and the quality of grain were also
influenced by cross-pollination.

On the other hand, selective fertilization
and/or sexual selection has the great
advantage of improving various plant species
through gametophytic competition (Mulcahy et
al. 1983). In terms of selective fertilization in
buckwheat, Prezent (1940) reported that the
modern Darwinian view postulated a mutual
action between pollen and ovule in which the
most compatible combination was selected.
This was only the best combination from the

agricultural point of view, however, when the
biological and agricultural aspects coincided;
in view of the mutual nature of the selective
process, as great a range as possible of both
mother plants and pollen parents should be
made available in all cases. Best results
would be attained where the two parents
responded well to the same environmental
conditions. So in intravarietal crossing, local
varieties are best for use as mother plants
whereas when breeding for some new set of
conditions, wide crossing would be
recommended in order to provide the widest
range of possible new adaptations.

The study of pollination biology and
evolution should be encouraged as a means of
improving practical methods of breeding and
seed growth in allogamous crops like
buckwheat (Namai and Ohsawa 1986, 1988).

The above descriptions clearly indicate the
importance of the nature of the reproductive
system of buckwheat in explaining the often
inadequate yields and in explaining the
different experience of breeders and other
workers with varied materials and in
different geographical localities. This
knowledge is also applicable to current efforts
to improve breeding methods.

The present paper is a brief review of the
results of buckwheat breeding research by
many authors, mainly in the USSR, based on
pollination biology and reproductive ecology.

1. General meaning of pollination biology and
reproductive ecology

Charles Darwin wrote several books and
papers on pollination systems and plant
reproduction and many of his conclusions are
still valid today. Real (1983) reported that
pollination systems have long been recognized
as a model for understanding the interplay
between natural selection and evolution, and
much of the early research in pollination
biology, such as long lists of visitors to
flowers, individual breeding systems and
mechanisms of pollen transfer guaranteeing
specific cross-pollination, was only devoted to
describing these adaptations and the selective
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forces presumed to bring them about. In
recent years, however, a remarkable change
has taken place in the style of research on
pollination biology, which has started to
investigate various components of
plant-pollinator interactions (Jones and Little
1983), and instead of the peculiarities of the
pollination system, emphasis is now placed on
uncovering the general principles that
underline all ecological and evolutionary
changes (Real 1983).

According to three excellent monographs on
pollination biology and reproductive ecology
(Real 1983, Jones and Little 1983, Doust and
Doust 1988), pollination biology consists of the
following elements:

a) role of insect pollination in the ecology
and evolution, -

b) pollinator-plant interactions and the
evolution of breeding systems,

¢) male competition, female choice, and sexual
selection,

d) pollination ecology,
structure, and gene flow,
e) foraging behavior of pollinators,

f) adaptive nature of floral traits,

g) evolution, maintenance, and loss of
self-incompatibility,

h) sex determination,

i) competition and facilitation for pollination
among plants,

j) patterns of fruit and seed production,

k) systems ecology of pollination systems,
and

1) applied pollination biology.

plant population

Reproductive  ecology cosists of: (a)
sociobiology of seed, (b) inclusive fitness, seed
resources, paternity and maternal allocation,
(¢) plant morphology and reproduction, (d)
influence of competition on plant reproduction,
and (e) all the elements of pollination biology.

I believe that a new science called
"reproductive biology" or "breeding
systematology" should be constructed soon by
combining pollination biology and reproductive
ecology and that it should become the central
focus in evolutionary and agronomic research,
as well as in the practical development of

agricultural technologies for seed production
of various crops.

In the following section, some of the
above-mentioned: elements especially relevent
to the pollination biology and reproductive
ecology of buckwheat will be briefly
described.

2. Role of insect pollination in the evolution
of buckwheat

The main purpose of studying this element
is the elucidation of the possible origin of
insect pollination and the nature of early
insect pollination mechanisms, bearing in mind
the  importance  of  insect  pollination
mechanisms in the establishment of current
angiosperm diversity. It is widely known that
the relation between flowers and insect
pollinators is typically the result of long and
intimate coevolutionary interactions. Following
the origin of insect pollination, it seems likely
that selective pressure for increasing the
efficiency of insect pollination would have
become significant, and if male and female
reproductive structures (pollen grains and
ovules) served to attract insects, the
percentage of successful pollinations would
have been related to the average time
between a pollinator’s visit to an ovule and
its last visit to a pollen-bearing organ of the
appropriate species (Crepet 1983). Insect
pollination has such obvious advantages at
species and at taxonomic levels in the plant
kingdom as 1) energy conservation through
reliable directional pollination (Cruden 1977),
2) the potential of more outcrossing than wind
pollination, especially in populations of
relatively widely dispersed individuals (Regal
1977), 3) successful  pollination under
conditions unfavorable for wind pollen
dispersal (Crepet 1983). Pollination by faithful
pollinators might provide a mechanism for
restricting  gene  flow  from  parental
populations to isolated  demes, thus
augmenting the speciation process in a way
consistent with the rapid evolution of new
species (Grant 1949, Crepet 1983).

Turning attention to the present state of
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plant species in Fagopyrum, there are three
main species, i. e., common buckwheat (Z.
esculentum), tartary buckwheat (¥, tataricum)
and perennial buckwheat (#. cymosum). In
terms of their pollination requirements,
ordinary common buckwheat and perennial
buckwheat are generally self-incompatible and
cross-pollinated by various insect visitors
whereas tartary buckwheat is completely
self-compatible  and  self-pollinated, and
infrequently visited by insects. In addition to
these phenomena, Marshall (1969) and
Astafjev  (1974b)  described some wind
pollination in buckwheat, although it was
estimated that the actual intensity of wind
pollination is unlikely to be high (Namai 1986,
1989). The green flower of tartary buckwheat,
generally without nectar, is unattractive to
bees, whereas the white and/or reddish ones
of common and perennial buckwheats,
producing a lot of nectar, are extremely
attractive to them. Even in common
buckwheat, a green flower form occasionally
occurs under normal crop conditions as well as
in intervarietal hybrids and in irradiated
materials (Alekseeva 1975, Alekseeva at al.
1988), and in inbred lines (Fesenko 1983). Such
plants showed three types of pollination:
chasmogamy, partial chasmogamy and partial
cleistogamy (Alekseeva 1975).

Heslop-Harrison (1959) revealed that a
combination of asexual (apomixis and
vegetative) and sexual reproduction gives a

plant optimal versatility since sexual
reproduction produces new ecotypes and
asexual perpetuates the successful ones.

Apomixis, which is considered to be the final
step in the reduction of pollination, has been
described as occuring occasionally in common
buckwheat, and stable apomictic populations
have already been produced by breeding
homozygous lines for  genetic factors
controlling the ability of the egg cells to
develop without fertilization etc. (Zheleznov
1973, 1976, Zamyatkin 1980). In apomictic
populations, therefore, the male nucleus
eventually loses all genetic functions,
although many apomicts need pollination to
start the apomictic development of seed, even

if fertilization does not seem to occur; it has
been suggested that the attractive blossoms
of certain apomictic species may have some
competitive value by attracting pollinating
insects from obligate insect-pollinated species
in the same plant community (Faegri and Pijl
1979). Faegri and Pijl (1979) also pointed out
that environmental selective pressure may in
the end be decisive for the equilibrium
between sexual reproduction with its diversity
and asexual reproduction with its effectivity,
and pollination is one of the environmental
factors.

From the evolutionary point of view of
breeding systems, it is inferred that the three
Fagopyrum species, common buckwheat (Z.
esculentum), tartary buckwheat (. tataricum)
and perennial buckwheat (#. cymosum), have
a common ancestor which was a homomorphic,
self-incompatible,  perennial  form  with
entomophilous flowers; tartary buckwheat is
phylogenetically the most ancient, and
common buckwheat has arisen from perennial
F. cymosum by divergent evolution following
dispersal to different environments,
particularly aided by artificial selection and
domestification (Kovalenko 1986, Kovalenko
and Shumnyi 1988).

Many basic floral features have been
generally related to the selective power of

insect pollinators over evolutionary time
(Stebbins 1981). Further understanding of
evolutionary pathways, especially

plant-pollinator  relationships and  floral
morphological and physiological changes in the
genus Fagopyrum is required. There must be
studies of the role of insect pollination under
the influence of various natural environments
and domestication in each species.

3. Pollinator-plant interactions and evolution
of breeding systems in buckwheat

Most research on pollination mechanisms in
buckwheat has to date proceeded in isolation
from research into the evolution of breeding
systems, as until very recently was the case
with much other historical research of
pollination ecology. However, the evolution of
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breeding systems has been occuring in all
species through a combination of floral traits
and pollinator behavior, tightly linked to
population genetics. Belated consideration
must therefore be given to the genetic bases
of floral adaptation for pollination and
reproduction in order to expand biological
and/or agronomic research for improved
buckwheat cultivation.

Relating pollen and seed dispersal patterns
to the genetic structure of plant populations,
knowledge of potential and actual gene flow
in plants was first summarized by Levin and
Kerster (1974). Empirical evidence suggests
that gene flow, especially through pollen
dispersal, is extremely restricted in range, and
typically, the pattern of insect-mediated pollen
dispersal is strongly leptokurtic (Levin 1979,
1981). The relationship between pollinator
movements and pollen dispersal patterns, in
terms of its genetic importance, depends on
such pollinator characteristics as pollen
carry-over rates and directionality of
successive moves between flowers (Levin
1981), as well as on such plant characteristics
as the breeding system and inflorescence
architecture (Wyatt 1982).

Buckwheat flowers, which generally occur

in racemes but occasionally in corymbs
(Shakhov 1977), each have five petaloid
perianth segments, eight nectaries which

alternate with the filaments of the stamens,
and a superior ovary. Of the eight stamens,
the inner whorl of three stamens dehisc
inwards, and the ovary has three united
carpels and is surmounted by three styles.
Flowers occur in two forms as a distylous
heteromorphic system; one morph has flowers
with long styles and short stamens (pin) and
the other has flowers in reciprocal positions
with short styles and long stamens (thrum).
The pollen grains of long-styled flowers are
smaller than those of the short-styled ones.
Although self-fertilization is sometimes
possible, the only compatible crosses are
usually those between two morphs (Darwin
1876), so an insect probing for nectar easily
becomes dusted with pollen on both sides of
its body. Darwin (1877) proposed that the

reciprocal positioning of anthers and stigmas
in distylous taxa was a device to promote
such disassortative pollination, and observed
that pin and thrum pollen was found in
different positions on bumblebees and moths
visiting Primula spp..

Similarly, Rozov and Skrebtsova (1958)
reported that the predominant pollens on the
thoraces and abdomens of honeybees visiting
buckwheat were of the long and short-styled
flowers respectively; a bee usually touched
the stigma of a long-styled flower with its
abdomen but the stigma of short-styled one
with its head and thorax.

Buckwheat flowers are abundantly visited
by various insects. Honeybees are believed to
be the main insect pollinator according to
various reports, i.e., 63-72% of the visitors
(Kopeljkievskii 1953), 86.6% (Demianowiczowa
and Ruskowska 1958), etc. However,
honeybees do not visit buckwheat during the
first 2-3 days of its flowering.
Moreover, though honeybees are one of
the important pollinators of buckwheat, they
are not so good as various flies as pollinators
of buckwheat cultivated in areas where many
different flowers are blooming concurrently
since honeybees have a strong habit of
visiting buckwheat fields only at the zenith
period of flowering on fine warm days,
whereas various flies, such as Eristalis
cerealis (shimahanaabu), flower and house
flies, etc., are constant daily visitors during
most of the flowering period, except on days
of heavy rain (Namai 1986).

In terms of the relationship between the
number of insect pollinators visiting a
buckwheat flower and the number of pollen
grains deposited on a stigma lobe of each
flower in the two morphs, the % seed set
which results from the intensity of so-called
"legitimate  pollination"  between  forms
differing in style length, depends greatly on
the frequency of visits (Namai 1986, Namai
and Ohsawa 1986). Table 1 gives more
detailed data on this phenomenon. The data
explain the relationship between the number
of insect pollinator visits to a flower and the
% seed set in common buckwheat. Data were
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obtained from one inflorescence in a
buckwheat field and the number of visitors
was counted by an 8 mm macro-cinecamera,
releasing the shutter every one second from 9
to 11 oclock in the morning for 6 days. It
was concluded that three or more visitors
induce a promising higher seed set percentage.
On the basis of an experiment in artificially
controlled pollination wunder an operation
microscope in  favorable  environmental
conditions, mean seed set percentage in
flowers with only one compatible pollen grain
deposited on a stigma lobe was about 40% and
in flowers with 3 or 5 being about 70%, while
flowers with 10 or more compatible pollen
grains gave up to 80-90% seed set (Namai and
Ohsawa 1986).

Table 1. Relationship between the number of
insect pollinators visiting a flower and % seed
set in common buckwheat

No. of No. of No. of mean %
visitors flovers seeds seed set
observed harvested
0 8 2 25
1-2 5 2 40
3-4 8 7 87
5-6 6 6 100
7-8 5 5 100

Heterostyly is generally assumed to have
arisen independently many times in different
phylogenic  lines of the  angiosperms
(Nettancourt 1977). Ganders (1979) considered
the evolution of heterostyly an unsolved
mystery. However, on the basis of many
previous papers, Wyatt (1983) summarized the
possible evolutionary history of the origin of
heteromorphic (distylous) from monomorphic

(hermaphroidite) forms and dioecy from
heteromorphic forms as follows:
Stage 1 - the original monomorphic

population consisting of two mating types
between the heterozygous (Ss) and recessive
homozygous (ss),

Stage 2 - the mating types have become

dimorphic in style and stamen length,
enhancing  disassortative  pollination and
resulting in typical distyly, with the

short-styled thrums being heterozygous (Ss),

Stage 3 - the original dioecy has become
established, with the thrums representing the
heterogametic male flowers and the pins
homogametic female flowers.

Incompatibility reactions and morphological
differences in distylous taxa are in general
genetically controlled by a supergene that
behaves as a simple Mendelian factor (Lewis
1949, Dowrick 1956, Charlesworth and
Charlesworth 1979); the short-styled thrum is
usually the Ss heterozygous, and the
long-styled pin is the ss recessive homozygote
(Vuilleumier 1967, Ganders 1979). A wide
range of selfing and outcrossing mechanisms
in diverse angiosperm taxa has been
discovered by many researchers (Mather 1943,
Stebbins 1950, Grant 1975, Barrett 1988). This
wide diversity has led to the concept of
so-called "balanced breeding systems" in plants.
At present, it is generally accepted that the
advantages of autogamous reproduction in
terms of adaptation to the immediate
environment provided by increased
homozygosity are a trade off against those of
outcrossing, which retains genetic variability,

together with long-term evolutionary
flexibility.
Morris  (1951) demonstrated that in

compatible matings the pollen tubes reached
the base of the styles within 15 minutes after
pollination, but that in  incompatible
combinations the growth of the tubes was
checked at the base of the stigma in the short
style and in the lower half of the long style;
in an interspecific cross between common
buckwheat and #. tataricum, the pollen tubes
of the former reached the base of the styles
of the latter within 20 minutes; the growth
of the pollen tubes of F. tataricum, on the
other hand, was inhibited in the styles of
common buckwheat; the behaviour of the
pollen tubes of F. tataricum in the long and
short styles of common buckwheat was
identical with that of the behaviour of the
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pollen tubes in incompatible matings within
common buckwheat; no hybrids from the two
species were obtained. Sharma and Boyes
(1961) clarified the genetic system of
self-incompatibility in buckwheat in
accordance with Dowrick’s hypothesis of the
control of incompatibility by the supergene S
in Primula.

They postulated a similar gene in
Fagopyrum esculentum, thrum plants (Ss)
being heterozygous for the subgenes G (short
style), Is (thrum incompatibility reaction of
the style), Zp (thrum incompatibility reaction
of the pollen), P (large pollen grains) and A
(long thrum stamens), and pin plants (ss)
recessively homozygous for the subgene s.
They also described two artificially induced
segregants of thrum plants (plant A and plant
B), which each bore a branch with modified
flowers, among plants from buckwheat fruits
treated with X-rays or termal neutrons, and
discussed the origin of thé induced modified
flowers as follows:

Plant A had a branch with homostyled
flowers, differing from the thrums on the
same plant only in possesing long styles, and
plant B had a branch bearing both pins and
thrums as well as one half-pin, half-thrum
flower with four short and four long stamens
and one long style and two short ones.
According to the results of crossing with a
control pin plant as male, they suggested that
the incompatibility reactions of the pollen and
style in the homostyled flowers were the
same as those of the thrums on A plant, and
the homostyled flowers may have originated
due to (1) mutation or conversion of G to g,
(2) a very small deletion or (3) somatic
crossing over within locus S. According to the
results of illegitimate crosses between flowers
on B plant and legitimate crosses of flowers
on this plant with pin and thrum controls, the
incompatibility reaction of pollen and style in
the pins and thrums of B were as would be
expected for the two types of flowers on
normal plants. Mating within the single
half-pin flower was fertile. A thrum plant (T)
in the progeny of B was notable for its
relatively high degree of self fertility (28.6%),

but apparently this self fertility was not a
consequence of a  breakdown in the
incompatibility system, since pollen and stylar
reactions in matings with pin and thrum
controls were unchanged. The self fertility of
T raised difficulties in explaining the origin of
the modified branch of B according to the
hypothesis previously given; possibly other
genes acting on locus S were modified by the
radiation treatment.

Zheleznov ~ (1967) observed that a
buckwheat population contained an average of
20% of individuals with some degree of self
fertility, and self fertility in buckwheat is
heritable but influenced by environment.
Marshall (1969) described that a new flower
form with shorter styles had been found and
self-fertile homomorphic lines of buckwheat
subsequently developed, some of which were
especially adapted to self pollination since the
flowers had equal pistil and stamen height,
and there was a significant positive
correlation between the self fertility of the
parents and that of the progeny in the Ss to
S. generations. Khotyleva et al. (1977)
reported that crosses of 16 cross combinations
were made between buckwheat varieties and
the F,-Fo hybrids were selfed; the F, hybrids
had a higher degree of self compatibility than
their parents, while F» was inferior to ¥, in
the % seed set after selfing. It was therefore
concluded that inbreeding leads to an increase
in self-incompatibility, and cross pollination to
an increase in self-compatible heterozygotes;
an optimum level of heterozygosis is
maintained in this way.

Anokhina (1979) reported that heterozygous
forms of buckwheat often had the highest
degree of self compatibility and crossing
varieties of different origin increased self
compatibility; the hybrids differed in reaction
to controlled selfing. In addition, the number
of inflorescences in inbred F, was equal to
that of the more vigorous parent in only one
case out of 16 and in the remaining 15 crosses
the number was intermediate or lower than
in either parent. Fesenko (1979) described that
four homostylous forms, with short style and
stamens, S;S. and S.S., or with long style
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and stamens, // and LL, were crossed inter se
in a full diallel scheme and also with
heterostylous plants, sZ and Ls, which had
the recessive marker character determinate
habit; all the legitimate crosses were
compatible; of the illegitimate crosses, some
were compatible and some incompatible;
almost all crosses of the type SxL, apart from
the illegitimate combination sLxsL, proved
compatible; the crosses sLx// and sLxLL were
compatible; in crosses with heterostylous
forms, it was best to use homostylous forms
as the pollen parent, since they are able to
self pollinate. Fesenko (1987) also reported
that when the F;s (with short style and long
stamens) which were obtained from plants
with a long style and short stamens (a
dominant character) pollinated by a plant
with a long style and short stamens
(recessive), were selfed, the progeny from one
hybrid showed no segregation (all plants had
short styles and long stamen); progeny tests
suggested that mno selective fertilization
effects were at work; it was thought that a
recessive lethal factor closely linked with the
recessive allele at the heterostyly locus might
account for the elimination of recessive
homozygotes after fertilization.

Alekseeva (1966) discovered two buckwheat
plants showing different forms of male
sterility in buckwheat; one of them was
deficient in chlorophyll and the other had an
excess. The former produced some seed on
open pollination, on pollination with other
lines or with other sterile types. In the latter,
plants differed in the amount of seed they
produced and in the pollinators that gave the
best result, some giving no seed at all. A
certain number of sterile plants of the same
type occured in the progeny, showing the
presence of both restorers and fertility
maintainers. Zheleznov and Yetsenko (1970)
reported that male sterility was evidently
determined not only by nuclear genes, but
also by the interaction of these with sterile
cytoplasm; some pollinators were sterility
maintainers and restorers; a scheme has been
developed for detecting sterility maintainers.

Wyatt (1983) reported a positive correlation

between mean precipitation during the
growing season and the percentage of plants
spontaneously setting fruit in the absence of
pollinators in nine populations of Arenaria
uniflora in the southern United States. He
believed that autogamy arose in response to
competition for pollinators (Levin 1972)
between outcrossing morphs of A. uniflora
and a second winter annual species endemic to
rock outcrops, A. glabra, which is pollinated
by the same species of bees and flies. In the
varieties of rapeseed (Brassica napus L.) in the
world, a negative correlation has been defined
between the visit frequency of insect
pollinators and self fertility with automatic
self-pollination ability (Namai and Ohsawa
1987).

Only a few studies have been carried out
in which explanations of the evolution of
breeding systems with special reference to
floral morphology have been examined
critically in different species. It is, however,
suggested that in the Fagopyrum species, a
number of dynamic evolutions of breeding
systems in connection with pollinator-plant
interactions under various environmental
conditions are likely to have occurred and to
be occurring.

4. Male competition, female choice, and sexual
selection in buckwheat

It has largely been ignored until recently
that sexual selection generally occurs in
plants. Stigmas on plants are often smeared
with far more pollen grains than is needed to
fertilize all the ovules (Haldane 1932). The
existence of sexual selection in plants was
first suggested by Bateman (1948). He
demonstrated that sexual selection exists in
plants as a result of the size difference in
male and female gametes, and male
competition  should lead to  increased
production of pollen. Several papers have
recently been published which consider the
role of sexual selection in plants on the
evolution of  breeding  systems and
reproductive strategies.

Stephensen and Bertin (1983) defined sexual
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selection as the differential reproductive
success of individuals of the same sex and
species that survive to reproductive age and
are physically capable of reproduction as an
aspect of Darwin’s natural selection. Sexual
selection is divided Dbasically into male
competition and female choice, which has the
potential for being a potent evolutionary force
in plant populations.
Male competition is
categories, pre- and post-pollination
competition. = Plant  characteristics  that
influence  pre-pollination  competition in
particular are divided into the following four
categories: 1. phenology, 2. flower number and
arrangement, 3. proximate attractants, and 4.
floral rewards. Competition should increase
from predominantly selfing to predominantly
outcrossing species. Cruden (1977) suggested
that pollen/ovule ratios are significantly
greater in xenogamous than in highly
autogamous species. When the number of
viable pollen grains deposited on a stigma
exceeds the number of ovules that the
maternal sporophyte can nourish into mature
seeds, male competition as post-pollination
competition  will  occur.  Post-pollination
phenomena such as 1. differential germination
of pollen, 2. growth of pollen tubes, 3. fusion
with egg nuclei, and 4. ovule and ovary
development are potentially influenced by
both the pollen deposited on the stigmas and
the maternal sporophyte. Mulcahy (1971)
demonstrated that pollen tube growth rates in
maize varied among individuals and were
associated with pollen germination ability in
vitro, and a reasonably good correlation
between in vitro and in vivo results was
found in various cases (Sari-Gorla et al. 1975).
If pollen grains produced by various donors
differ in genetic quality and if reproduction is
not pollen limited, the maternal sporophyte is
under selective pressure to allow only those
pollen grains with the highest genetic quality
to sire her seed crop (Janzen 1977, Charnov
1979). Female choice could operate at any of
several times as follows: 1. selective
pollination, 2. selective fertilization, and 3.
zygotic female choice (seed and fruit abortion).

divided into two

Selective fertilization, seed abortion and fruit
abortion shield a plant from some of the
random events associated with pollination
(Mulcahy 1979). Pre- and post- fertilization
mechanisms of female choice should provide
different advantages and disadvantages to the
maternal sporophyte. It is generally estimated
that the earlier the selection, the fewer the
resources that are wasted, hence sporophytic
incompatibility which occurs on the stigmatic
surface would be the least expensive. Some of
the later forms of rejection which occur in
stylar tissue, ovules, enlarging seeds and/or
enlarging ovaries may be based on
characteristics more closely related to
offspring quality. As a result of the
importance of post-pollination female choice
and its demonstrated effect of increasing
components of offspring quality, selection will
provide female sporophytes with the
possibility of receiving many pollen grains in
order to maximize the possibility for such
choice (Mulcahy et al. 1975, 1978, Bertin 1982,
Bookman  1984). Fruit abortion as a
post-fertilization mechanism of female choice
allows plants to respond to uncertainties
associated with the number of pollinated
flowers, fruit and seed predation, and
fluctations in the resources available for
reproduction, such as those caused by leaf
herbivory (Stephenson 1981). In several species
fruits are generally more likely to mature
from the first rather than later pollinated
flowers. This pattern of selective maturation
tends to minimize the resources wasted by
fruit abortion because those fruits that have
received the greatest resource investment are
presented (Stephenson 1981). It is also
suggested that the degree of self- and
cross-fertilization influences the intensity of
sexual selection by affecting the variance in
the reproductive output of the two sexual
functions of hermaphrodites (Willson 1979,
1982).

In spite of the value of research into the
pollination biology of buckwheat for practical
improvement to breeding and cultivation
methods, little information about it is so far
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available.

In short-styled flowers of buckwheat the
number of pollen grains per pollen sac ranged
from 24 to 44 with the mode at 32 (128 per
anther), while in Ilong-styled flowers the
number ranged from 23 to 68 with the mode
at 48 (192 per anther) (Doida 1959). Primak
(1973, 1976) reported that a comparison of
homostylous with heterostylous forms of a
buckwheat variety showed that variation in
pollen grain size was greatest in short-styled
homostylous forms and least in short-styled
heterostylous forms. Short-styled, long-styled
and homostylous forms also all have radially
symmetrical single pollen grains of elongate
ellipsoid shape; short-styled plants have the
largest, best-filled pollen grains, their grains
being almost twice the size of those in
long-styled and homostylous ones. On the
other hand, Pausheva (1960) suggested that
the size of pollen grains and fertility ability
of the pollen of a variety depend on the
position of the flowers on the plant, and the
largest pollen with the highest degree of
fertility came from inflorescences at the base
of the main stem, especially from the central
anthers of the flowers which opened first.

In terms of sexual selection such as male
competition and female choice in buckwheat,
Petelina (1949) described how two new
buckwheat varieties, ’Ivanovskaja’ and
’Aleksandrovskaja’, were selected at the

Aleksandrovskaja State Breeding Station, the’

former being obtained by  selective
fertilization of three improved local varieties.
When the two new varieties were grown
mixed, their productivity was greater than
when they were sown individually. This was
explained by the stimulationg effect of
foreign pollen. Musiiko (1949) described the
application of the method of so-called
supplimentary fertilization, based on the
selective fertilization principles of Lysenko
and Michurin, to breeding and seed growth of
buckwheat etc.; in practice, the measure
consisted of encouraging open cross pollination
in the field; supplementary fertilization
increased the yields of crops when repeated
twice or three times during the flowering

period and resulted in a marked reduction of
empty seed; the heritable properties of the
seed, particularly its resistance to diseases,
were also improved. Kopeljkievskii (1949) also
described the family 2/44 of 'Bogatyrj (Hero),
which was obtained by selective fertilization,
as being most productive without control of
cross pollination with other geographically
distant  varieties grown as neighbours.
Krutenko (1958) reported that mechanical
mixtures of seed of the same variety but
obtained from crops grown under varied
environments gave rise to more productive
progeny than that of the highest yielding
component in  experiments at  Odessa.
Nemlienko (1969) described how  open
pollination of maternal plants was found to
be the most useful method of studying the
effectiveness of heterosis in buckwheat;
heterosis appeared to be increased when a
locally adapted variety was used as -female
parent and a variety from another region as
male parent.

Zamyatkin (1967) reported that pollination
with a pollen mixture from several plants led
to greater set and more intensive fruit
growth than pollination with pollen from only
one plant; the difference was particularly
noticeable in intervarietal pollination; when
compared in similar conditions 51% of
Fagopyrum tataricum flowers set fruit but
only 15% of those of F. esculentum. Elagin
(1971) also described how the most favourable
type of pollination was legitimate, in which
biologically compatible gametes are combined
and high yields are made possible; legitimate
pollination can be intensified by the use of
suitable culture techniques and, in particular,
by bee pollination; pollination was effected
most actively in the morning, when there was
an abundance of pollen from the lower
inflorescences of the main stem and from the
flowers which had opened first.

Skrebtsova et al. (1974) described a study
of the effect of the number of visits by bees
to long-styled flowers on seed set and
1000-seed weight in common buckwheat; as
the number of visits increased from two to
ten, there was a rise in the 1000-seed weight
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in the year of pollination and in the F, and
F. progeny, and short-styled forms had a
higher 1000-seed weight in F, and F, than
long-styled forms, owing to short-styled
flowers secreting more sugar than long-styled
ones. It is assumed that those phenomena are
strongly connected with sexual selection
altering the genetic composition in buckwheat
populations.

In relation to polycross and synthetic
varieties of buckwheat, Palilov and
Samusenka  (1970) and  Palilov  (1971)
suggested that the F, from hybrid seeds
which had set on short- and long-styled
components of a variety grown in a polycross
was superior in seed production to progeny of
the same hybrid obtained from the
short-styled or long-styled components of the
initial population, grown separately; the
degree of heterosis of seed yield in
intervarietal polycross hybrids varied with the
conditions of cultivation of the F, and with
soil and climatic conditions in the year of the
polycross. Differences in conditions in different
years also effected the composition of the
seed-progeny population. I consider that
heterosis in buckwheat might be influenced
both by the action on the phenotype of the
hybrids and also through population genetic
processes, and most cases of these phenomena
resulted from such sexual selection as pre-
and post-pollination competition.

Taranenko et al. (1981) reported that when
inbred material selected for high self fertility
and having a recessive marker character (long
style) was used as the maternal parent in
uncontrolled crosses with a short-styled tester,
then the degree of cross fertilization varied
but was always less than that of self
fertilization, which was 63.8-84.1%. Anokhina
(1980) also pointed out that between 30 and
70.6% of self-incompatible plants were found
in three monomorphic and two dimorphic
varieties; among hybrids in which a
monomorphic variety was seed parent and a
dimorphic one pollen parent, the greatest self
compatibility was found in the heterozygotes.
Fesenko and Antonov (1981) established a
method of producing synthetic varieties in

which 300-500 of the best plants of the
breeding material were selected for yield and
grain quality in the first year, inbred in the
second, subjected to test crosses by the
topcross method in the third and tested for
yield in F, in years 4-6, the 4-10 best families
then multiplied and tested in generations 1-3
in years 8-10 respectively; state variety trials
then occupied years 11-13; plants might be
selected from the first or second generation
for a second cycle of recurrent selection; this
breeding program is said to increase yield by
15-20%.

Shakhov (1988) pointed out that the degree
of cross pollination depended on the spatial
arrangement of the crossing components and
the proportions of the parental plants, that it
had a localized character and was affected by
the genotype of the crossing components and
by environmental factors; in a 3-component
mixture with various proportions of plants of
different forms, one or other of the pollinators
was found to be given preference in cross
pollination.

Successive selection of segregating
populations for better performance under
different environmental conditions, which is
called ‘"seasonal and/or local disruptive
selection”, is known to be a very valuable
breeding method for improving the range of
adaptability of autogamous crops (Oka 1975,
Tsai et al. 1970), but very few studies have
been done on allogamous crops. On the basis
of the experimental result of successive
cultivations of a summer type and a
late-summer (autumn) type variety of
buckwheat in two different cropping seasons
for two years under natural selection, Namai
(1983) assumed that seasonal and/or local
disruptive selection would be effective for
breeding  widely adapted varieties of
buckwheat. In Japan there are usually two
cropping seasons for buckwheat cultivation:
summer cropping from middle spring to middle
summer and autumn cropping from late
summer to late autumn. Successive
cultivation of a summer and an autumn type
variety was done in the summer and autumn
seasons for two years. Fig. 1 shows the seed
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yield variation of their progenies in the
summer season of the third year. Seed yield
of the summer type variety tended to rise in
the strain with successive cultivation in the
autumn season as did the autumn type
variety with that in the spring season. In
allogamous crops, successive selection wunder
different environments every 2-3 cropping
seasons seemed to be most effective. The
result of the experiment might be obtained
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from such successive selection pressure as
sexual selection and assortative mating under
different environmental conditions. Sexual
selection is a basic phenomenon of sexual
reproduction, and a most important research
item of pollination ecology and plant
population structure.

Namai and Ohsawa (1986, 1988) proposed a
new concept of ‘reproductive success rate"
(RSR) pertaining to the pollen grains deposited
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Fig. 1: Seed yield variation of common buckwheat with successive cultivation in two cropping
seasons (results of third year summer season) (Namai 1983). Horizontal axis shows the cropping
seasons of the last and the previous year; 0, summer season; 1, autumn season.

on a stigma (RSR-P) and the ovules in a
pollinated flower (RSR-O), as well as the total
intensity of transferring progenitor genes (Tr)
and the intensity of genotypic variation in the

progeny (Gv) on the basis of RSR-P and
RSR-O, throughout studies of the pollination
biology of brassica crops etc. They are
calculated from the following equations:

RSR-P (%) = (Number of seeds obtained) x (Number of pollen grains deposited)
RSR-O (%) = (Number of seeds obtained) x (Number of ovules in pollinated flower)
2 x (Number of seeds obtained)
Tr (%) =

x 100

(Number of pollen grains deposited) + (Number of ovules in flower)

Gv = (RSR-P) x (RSR-0)
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Tr corresponds to the possibility of seed
setting. Gv indicates the ratio of the number
of practical fertilizing gamete combinations
producing seeds to the total number of
possible fertilitzing combinations between the
pollen grains deposited and the ovules in the
pollinated flowers. Table 2 shows the actual
RSR-P and RSR-O in pollination with
different numbers of pollen grains on a
stigma and the corresponding Tr and Gv
values in buckwheat on the premise that
there were 300 compatible pollen grains and
flowers, calculated from the original data
(Namai and Ohsawa 1986).

Our studies on RSR-P and RSR-O clearly

reveal a route for expanding genetic variation
through such male competition and female
choice by limited pollination; (1) the highest
RSR-P should be achieved under limited
pollination with about 1:1 pollen to ovule
ratio, (2) the lowest intensity of male
competition in  post pollination should
correspond to the highest RSR-P, (3) the
highest total intensity of transferring
progenitor genes (Tr) should correspond to the
highest total intensity of RSR-P and RSR-O
in the pollinations, and (4) the widest genetic
variation should occur with the highest
intensity of genotypic variation (Gv).

Table 2. Variation of expected total intensity of transferring progenitor genes (Tr) and intensity
of genotypic variation in progeny (Gv) in buckwheat

RSR- 0 Tr Gv

No. of pollen No. of flovers No. of seeds RSR-P

grains/stigma pollinated obtained
1 300 120.0 40.0 40.0 40.0 1600.0
2 150 83.1 27:7 55.4 36.9 1534.6
3 100 70.2 23.4 70.2 35.1 1642.7
5 60 41.4 13.8 69.0 23.0 952.2
10 30 26.5 8.8 88.4 16.1 777.9

5. Pollination ecology, plant population amount of cross-pollination, is very sensitive

structure, and gene flow in buckwheat

Many components of a plant’s life history
control gene flow, microevolution and
population differentiation, including generation
length, cytogenetic factors such  as
chromosome number and  crossing-over
frequency, and fertilization controls such as
breeding and pollination systems, population
size, and external isolation mechanisms (Grant
1949, 1958, Bradshaw 1972).

Recent detailed work in pollination biology,
particularly by agronomists dealing with
genetically homogenous cultivated plants
growing in simple environments, has shown
that pollination biology, particularly the

to the geometry of the population: the
number of plants that are massed together,
the density of flowers within the population,
and the shape of the population (Handel
1983). Different sizes, densities, and shapes of
populations of the same species can elicit
different  responses from  pollinatorsand
differences in the amount of pollen that is
transferred. On_ the other hand, because
natural populations have great genotypic and
physiological diversity and also rarely have
monomorphic pathes of plants, natural stands
probably involve more complex interactions
among  population  geometry, pollinator
behavior, and gene flow (Handel 1983).

Most movements by pollinators are to very
near neighbours, but occasicnal longer flights
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also occur. Movement is controlled by their
behavior, the size and pelage of their bodies,
and the location of pollen grains on the insect
body (Faegri and van der Pijl 1966, Proctor
and Yeo 1972). When flowers on one crop
species are visited by more than one insect
species, different pollination effects have been
seen. For example, Pedersen (1967) showed
that honeybee and leaf-cutter bees visiting
alfalfa gardens caused different amounts of
cross-pollination and different total seed
yields, the leaf-cutter bees having lower
cross-pollination rates (45.4% vs 41.2%) but
19% higher yields. Although in some cases the
correlation of pollinator movement patterns
with actual pollen transport may be weak,
pollinator movement and pollen deposition
patterns have a very complex relationship
(Lertzman and Gass 1983).

It has been shown that in brassica crops,
pollen flow by insect pollinators is strictly
dependent upon the total visiting time length
on pollen parent flowers as well as the length
of visit to each seed parent flower and the
total visiting time on seed parent flowers
(Ohsawa and Namai 1988). The correlation of
cross pollination efficiency with total visiting
time length on seed parent flowers was
clearer with the order of flowers visited by
the pollinator, and most pollen grains from
the pollen parent which each pollinator (
FEristalis cerealis,  Shimahanaabu) could
pollinate were deposited onto seven and more
seed parent flowers for 420 sec. on average.
The mean cross pollination efficiency of
shimahanaabu on successive flowers was 1.3
pollen grains from different flowers per 1
sec.- visit in the case of our experiment in
rapeseed. It was also shown that about 80%
of pollen grains smeared on a shimahanaabu
from the donor plant was depositied on only 3
to 4 flowers visited, and the main range of
pollen flow by shimahanaabu was very short,
up to about 1.5 m in the experimental
isolation cages.

In heterostylous species in addition to
Fagopyrum esculentum, different size classes
of pollen grains are often found. Some work
in natural populations of heterostylous plants
in which pin and thrum colonies are spatially

isolated has been done in order to study the
rate of pollen collection and movement
between pin and thrum flowers (Ganders
1974, Ornduff 1978, 1980), the population
structure of the morphs and the rate of fruit
set (Wyatt and Hellwig 1979, Wyatt 1982).

In a buckwheat population, the flight
distance of shimahanaabu from flower to
flower is less than 30 cm and mostly less
than 10 cm, and the main radius of pollen
flow by shimahanaabu is within 1 m in cages
with a few pollinators, while it expands when
sufficient pollinators (about 10 per 100 caged
plants) are held in a cage (Namai 1986).
Tables 3, 4, 5 and 6 show the other results of
my study on the time course of pollination of
common buckwheat in a field of Tsukuba.

As shown in Table 3, it appeared that
legitimate pollination occured more frequently
in thrum (short-styled) flowers than in pin
(Iong-styled) flowers, whereas illegitimate
pollination occured more frequently in pin.
This assumed that the time course of the
number of remaining pollen grains on an
anther in Tables 4 and 5 indicated the
intensity of each of the pollinators’ visits.
Consequently, the difference in the intensity
of legitimate pollination between pin and
thrum types seemed to be due to thrum
flowers having some floral traits prompting
insect  pollinators to cause legitimate
pollination even in a few visits.

As shown in Table 6, it was observed that,
due to such pollination mechanisms, pin
flowers mature significantly fewer seeds than
thrum flowers. Skrebtsova et al. (1974) and
Lee (1986) have also reported similar results
in common buckwheat. A similar result has
been reported in Primula veris (Richards and
Ibrahim 1978).

Self-compatible homomorphic forms with
pin and with thrum flowers of buckwheat
seem to be successful even at the diploid level
(Marshall 1968, 1970, Zamyatkin 1971,
Fesenko and Antonov 1973, Astafjev 1974a,
Antonov 1977, Kovalenko et al. 1980,
Zakharov 1980, Ruszkowski and Noworolnik
1983, Kovalenko and Shimova 1986), and also
at the tetraploid level (Essner 1953, Adachi et
al. 1982, Dovzhenko et al. 1987, 1988,
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Table 3. The time course of the maximum number of compatible pollen greiins deposited on a
stigma lobe of each flower in common buckwheat (n=30, mean * standard deviation)

Flower Time No. of pollen grains on a stigma lobe Frequency distribution

type Total Legitimate Illegitimate 0-5 6-10 11-15 16-20 21-30 31<
9 0.0£0.0 0.0%0.0 0.00.0 30
10 4.6%5.6 1.21.6 3.4¥4 4 22 2

Pin 11 14.2%7 .4 4.4%4.2 9.7¢5.4 22 4 2 2
12 24.4%6.3 8.6%4.6 15.8%5.4 8 13 5 4
9 0.1%0.1 0.0£0.0 0.120.1 30
10 5.9%3.8 4.5%3.5 1.420.3 21 4 2 2 1

Thrum 11 11.7%3.4 8.5¢3.6 3.240.8 17 4 2 3 3 1
12 19.4%8.2 14.5%5.9 4.92.9 4 7 7 5 6 1

30 flowers of each form were tested at each time.

Table 4. The time course of the number of
remaining pollen grains on an anther of
common buckwheat (n=10, mean t standard
error) A

Table 5. The correlation coefficient of the
mean number of remaining pollen grains on
an anther (A) with the number of pollen
grains deposited on a stigma (Bs) of common
buckwheat (n=10)

Time Pin Tz Between (A) and (Bs) Time  Pin  Thrum
9 141.3* 6.8 (15.3) 129.4%6.9 (16.9)
10 84‘7f16'9 (62.9) 85'7f6'9 (25.6) Between (A) and total number 10 -0.792** -0.351
11 36.1£10.2 (89.2) 38.0%5.8 (48.4) of pollen grains on a stigna
12 23.5% 9.6 (129.8) 28.3%6.4 (71.8) 11 -0.714% -0.534
(_ )i ey, (8). (LSD(p=0,05)=26.5) Between (A) and total number 10 -0.760* -0.395
of compatible pollen grains
on a stigma 11 -0.612 -0.506
Dovzhenko 1988). From the floral

morphological point of view, plants with
thrum flowers (short styles and stamens) tend
to produce more seeds than those with pin
flowers (long styles and stamens) (Adachi et
al. 1982, Melkonova and Dovzhenko 1986),
whereas Dovzhenko et al. (1987, 1988, 1989)
and Dovzhenko (1988) obtained a self-fertile
long-styled monomorphic population.

Ren and Liu (1986) studied the flying
distance of various insect pollinators in large
buckwheat fields, applying dye spraying. They
released about 10,000 dyed pollinators and

Between (A) and total number 10
of incompatible pollen grains
on a stigma 11

-0.790** -0.303

-0.776** -0.536

*P < 0.05.
#* P < (.01,

then caught by net visiting pollinators at six
different flying distances from 500 to 5,000
m: among the pollinators, bumblebees had the
greatest range, reaching 4,500 m, followed by
honeybees that could reach 4,000 m. The
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Table 6. Daily seed set percentage of pin and thrum plants from which needless new buds were
properly removed in common buckwheat at open field

Flowering Veather in the morning No. of Mean seed set percentage
days Yeather Mean temp. ¥ind velocity plants Pin Thrum
Y (m/sec) 10 (%) (%)

Oct. 4 fine 22.6 1.6 10 86.2 (58) 89.5 (57)
S rain 15.1 2.0 10 16.7 (48) 32.3 (67)
6 rain 13.7 1.4 10 50.0 (40) 78.9 (57)
7 cloudy/fine 16.9 2.4 10 69.8 (53) 82.9 (35)
8 fine 18.0 2.1 10 66.7 (33) 85.4 (41)
9 cloudy/fine 17.4 2.8 10 57.7 (26) 62.5 (24)
10 cloudy/fine 18.6 1.7 5 90.5 (21) 83.3 (18)
11 cloudy/fine 21.0 2.9 5 83.3 (12) 80.0 (15)
12 cloudy/fine 20.1 1.1 5 81.8 (11) 91.7 (11)
13 fine/cloudy 17.8 1.2 5 45.5 (11) 87.5 (8)
14 fine 18.2 1.6 5 93.3 (15) 100.0 (17)

( ): Number of flowers observed.

flying ability of other pollinators was poor.
They also studied pollen spreading distance by
wind: 500-600 m when the velocity of the
wind was less than about 3 m/sec., but up to
1,000 m when higher than 6 m/sec. It was,
therefore, concluded that a safe isolation
distance was about 4,000 m in areas where
there are a lot of bumblebees and honeybees,
and about 1,000 m when such bees are
absent. Petelina (1970) considered that
large-grained varieties should be tested in
plots at an isolation distance of 200 m.

In order to maintain many breeding lines
and the genetic resources of allogamous plant
species, some simple and cheap isolation
procedures are indispensable for preventing
contamination. In cotton, Afzal and Khan
(1950) found that some crossing occured when
as much as 84 m separated fallow fields, but
cotton itself was the most effective barrier;
they suggested that a belt 12.2 m wide on
either side of the junction of two varieties
should be discarded and the remainder of the
fields could be picked for seed. Simpson and
Duncan (1956) also found that cotton itself
was the most efficient form of isolation, and
cross pollination between two varieties was

reduced from 26 to 4% by a 7.6 m barrier of
each variety. On the basis of our studies as
mentioned above, these phenomena are easily
understandable as a general feature of all
crops (Namai 1986, Ohsawa and Namai 1988).

Zhebrak (1963) concluded that pollen from
the 2x parent grew somewhat more rapidly in
4x pistil tissues than did pollen of the 4x
parent in 2x tissues, and that pollen-tube
growth was irregular in both series of crosses
and increased rapidly when the temperature
was raised. In:some cases, the pollen-tubes
ceased growth and terminal swellings
appeared.. The frequency of this phenomenon
increased at higher temperatures. Where
fertilization did occur, the development of the
resultant 3x embryo and endosperm was very
slow. The embryos generally degenerated at
different stages of development, notably at
the 4-6 day stage. He also reported that
individual tetraploids grown in proximity to
diploids and individual diploids grown in
proximity to tetraploids failed to set any
seeds in these tests. Lapinski (1968) reported
that no evidence of mature triploid seed was
found on tetraploid plants pollinated with
haploid pollen or on diploid plants pollinated
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with diploid pollen, and seed set might be
reduced when diploid and tetraploid plants
were grown in adjacent plots, the reduction
being greater in the latter. Petelina (1974)
also reported that when various diploid
varieties of buckwheat were pollinated with a
mixture of their own and tetraploid pollen,
then all the forms selected were large-grained,
early diploids with no cytological
abnormalities and good resistance to cold.
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revealed no cross pollination effect between
2x and 4x buckwheat varieties, a tesselated
plot design of 2x plants in 4x plants
performed well in the USSR for isolated seed
multiplication  (Fig. 2). These isolation
techniques are also practically applied to
buckwheat breeding in Poland (Ruszkowski,
personal communication). In addition, a
rectangular field was more susceptible to
contamination from exogenous pollen than a

According to the previous data which square one (Pedersen et al. 1969).
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Fig. 2. Isolation field of seed multiplication in buckwheat (Fesenko 1983).
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In mutation breeding of  common
buckwheat as an allogamous plant, a simple
isolation  technique is indispensable for
inducing homozygous segregants for induced
recessive gene(s). So spacing hill (or small
row) cultures without any cages at intervals
of more than 2 to 3 meters from each other is
a very convenient and practical method for
conducting sib-crossing within each hill (or

small row) by natural insect pollinators

(Namai 1989). This sib-crossing method was
established through field experiments on the
pollination biology of spacing hill cultures of
buckwheat, arranged at various intervals
from each hill with about 10 pin or thrum
plants planted alternately on the basis of
previous studies (Namai 1986). By means of
gamma-ray irradiation (30kR) of seeds at the
Institute of Radiation Breeding, NIAR, MAFF
and successive sib-crossing by the simple
spacing  hill culture, a high yielding
short-stemmed mutant was produced (Namai
1989).  Basic  studies  concerning  the
reproductive biology, especially pollination
ecology, plant population structure and gene
flow, have great advantages in developing

various breeding methods as well as in
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clarifying the biological process  of
microevolution and population differentiation.

The following is the outline of agroecotype
differentiation in common buckwheat from
the evolutionary point of view, especially such
pollination  biology as gene flow, ie,
assortative mating which occurs easily when a
population of autumn type (southern type) is
cultivated under long day (more than 14.5 h)
conditions.

Historically, Bazhenov (1946) pointed out
that over 200 varieties from other regions and
from abroad have been tested, but the ancient
local race proved better than any and was
chosen as the basis of selection. Nagatomo
(1959) reported that summer types of
Japanese buckwheat, generally cultivated in
northern parts, were not so sensitive to a
long-day photoperiod, whereas autumn types,
cultivated in southern parts, were very
sensitive; a complete autumn type therefore
could not bloom in conditions of 14.5 hours
day length, but summer types could easily
bloom in those conditions. Krotov (1962)
concluded that yield improvements of local
- forms were effected by mass or family
selection, carried out either once or in two
successive generations. Alekseeva (1967) noted
that classification of local cultivars of
buckwheat in the western districts of the
Ukrainian SSR  revealed the following
ecogeographical  groups: =~ White  Russian
(Belorussian) (northern parts in / ca. 52.5-56°
N), Poles’e (subgroups: early and mid-season),
forest-steppe  area  (Kremenec  Podolskij
subgroups), Dnestr valley and Carpathian
(Precarpathian and High Carpathian; in 7 ca.
48-50° N). Ujihara and Matano (1974) reported
that in 26 varieties of common buckwheat
collected in Japan, those from lower latitudes
were taller, later flowering and had more
leaves, branches and inflorescences and also
that variation within characters increased as
latitude decreased. Nishimaki (1975) also
revealed that one of the problems encountered
in the cultivation of buckwheat arises from
the existence of spring (summer), winter
(autumn) and intermediate ecotypes, which
differ in response to day length and

temperature; the summer type had early
development and when sown in spring, yields
of over 2 ton/ha. are fairly consistent, and if
sown in summer, its growth cycle was short,
growth was poor and grain yields were low;
if the autumn type was sown in spring, the
plant grew very tall, growth period was very
long, growth was good but yields were
reduced; the intermediate type had high grain
yields at all dates, but excessive stem growth
after spring planting and poor development
after autumn planting; the yield of autumn
and intermediate types fluctuated considerably
with the year. The regional distribution of
these different types was also described by
Ujihara and Matano (1974).

Fesenko (1978) reported that the duration
of the growth period in local varieties varied
from 130 days in forms from India to 100-130
days in those from China and Japan, 90-100
days in those from the Primorje region of the
Soviet Far East, 70-90 days in those from
Siberia and the central region of the RSFSR
and 60-70 days in those from Belorussia;
vigorous varieties from India formed 15-20
nodes in the branching zone of the stem,
while Belorussian varieties formed only 2-3
nodes; forms with the largest grain
(1000-grain weight 27-33 g) occured among
those from Japan, China and Belorussia
(1000-grain weight 19-21 g), and the husk
content in varieties from throughout the
world varied from 18.5 to 26%. Gorina and
Anokhina (1980) concluded that earliness was
correlated with height (node) of insertion of
the first inflorescence; in early varieties, the
first inflorescence generally appeared at node
2-3 in Belorussia and a shorter growth period
was also associated with lower yields;
selection for high percentage of fully
developed fruits was seen as a promising
means of combining earliness with high yield.
Baryura and Zakharov (1979) also concluded
that the effectiveness of selection, at two
different stages of development, for length of
growth period, and early selection before
flowering was twice as effective as selection
at the end of the growth period.

Matano and Ujihara (1979) reported that
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about 300 cultivars from all over Japan were
classified by their flowering and yield
responses into summer, autumn and
intermediate agroecotypes; seed shape was
also divided into three types, A (completely
no-winged), B and C (winged), and it showed a
close relationship to the agroecotypes (the
seeds of most autumn types were no-winged
as A but most summer types winged as C);
cultivars thus classified were found to have a
close relation to geographical distribution.
They also suggested that the primary
agroecotype might be regarded as an autumn
type adapted to the climatic conditions of a
low latitude, and a summer agroecotype might
have originated through cultivation under
different conditions. It seems that the summer
type occured in northern China, northern
Korea and Manchuria, and buckwheat seems
to have been introduced to Japan via trade
routes from Korea.

Minami and Namai (1986a, b) demonstrated
experimentally that the summer ecotype may
have differentiated from the autumn ecotype

through natural and artificial selection during
the summer in the course of its introduction
from southern Japan into northern Japan,;
grain yield was greatly reduced in the
autumn ecotype under summer cultivation; at
Tsukuba (/. 45° N) artificial selection at 20%

pressure for earliness and lateness of
flowering carried out on the most typical
autumn ecotype cultivar ’Miyazakizairal’
usually cultivated in Miyazaki Prefecture,

Kyushu Island (/. 31° N) was effective for
late flowering in both summer and autumn
cultivation seasons but selection for earliness
was only effective in the summer; the highest
grain yields were seen in the progeny of early
flowering plants selected in the summer. They
also discovered that when summer-sown
plants of cultivar 'Miyazakizairai’ were scored
for flowering date and harvested early or late,
then  summer-sown  progeny  of  the
early-harvested plants tended to flower earlier
than the original population, while late
harvesting  decreased @ the number  of
early-flowering plants.



42 Hyoji Namai

Figure 3 gives other data obtained in
Tsukuba which explained the different
responses of various ecotypes of common
buckwheat to seasonal environmental
conditions and resulted in differentiation of
their progeny populations.

It was, therefore, concluded that in Japan
the autumn type variety retains a very wide
potential for genetic diversity in flowering
time, ranging from early to late and the
summer type variety may have been
differentiated during the  process of
introduction from southern to northern areas
by assortative mating from the autumn type
variety through such natural and artificial
selection as early harvesting under long day
condition in the summer season.
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Buckwheat has always played a very
important role in the Russian economy, at one
time being produced for export. In the XIX
century buckwheat was planted on more than
4 mln ha.

The first scientific publications are dated
1881 and 1889 (1, 2).

At the end of the XIXth century,
buckwheat plantings were suddenly reduced.
The Russian government had worked out a
Programme of Research aimed at devising
measures for increasing the yield of
buckwheat. The scheme was elaborated by
the First All-Russia Congress for Experiments
in 1901. It stimulated the organization of
scientific research work (3 - 8).

Some work (9, 10) was devoted to botanic
classification of buckwheat.

The Genus Fagopyrum is subdivided into
the species F. esculentum Moench, Z.
tataricum (Z.) Gaertn. Fagopyrum cymosum
Meissn.,, F. suffruticosum. By crossing
tetraploid forms F. tataricum and Fagopyrum
cymosum the scientists A.S. Krotov and E.T.
Dranenko in 1973 created a species form Z.
giganteum Krotov (11).

Russian scientists have studied many
peculiarities of the biology of buckwheat. L.A.
Pulman (2) established that buckwheat is a
moisture-loving crop. The coefficient of
transpiration of buckwheat is 2 - 3 times
more than that of cereals. Buckwheat is very
sensitive to moisture deficiency during the
period of blossom and fruit formation.

E.A. Stoletova discovered that USSR
varieties are neutral to day length, but that
varieties from the Far East of the USSR,
Japan, China and India develop more quickly

under conditions of a short day (12).

D.N. Pryanishnikov (13) found that the
buckwheat root system is able to assimilate P
from hard-available compounds. It also takes
up much K and is sensitive to Cl.

Many works are devoted to the biology of
pollination. ~ S.M. Korzinsky and N.A.
Monteverde demonstrated Ch. Darwin’s .ideas
of the advantages of legitime pollination (14).
N.V. Fesenko (15) showed that under natural
conditions, only legitime pollination is
effective. Z.P. Pausheva (16) opened the
phenomenon of fruit incompatibility: necrosis
of legitime ovaries when legitime fruits are
formed. F.E. Zamyatkin stated that necrosis
takes place among fruits of legitime origin
(embryon selection of ovaries of not full
biological value).

Buckwheat is an indeterminant plant (18):
the buckwheat flower dies off after 24 hrs
without pollination, whereas other
cross-pollinating plants (rye, hemp) - range
from 10-20 and sometimes up to 60 days.
Duration of fruit formation is limited: 21 - 24
days (19). In wheat, the range is from 20 to
40; and in corn, 35 - 63 days. This explains
buckwheat’s low yielding capacity.

Many investigations have been devoted to
the problem of the low yielding capacity of
buckwheat. This phenomenon is connected
with the ovaries’ dying off. Some causes for
this phenomenon have been discovered:

- moisture deficiency and high temperatures
at the time of blossoming and fruit formation
(2);

- formation of too many flowers and ovaries
and associated nutritional deficiency (20);

- imperfect heterostyllic apparatus;
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insufficient pollination, deficiency of legitime
pollen (21 - 23);

nutritional  deficit
simultaneous growth, blossom
formation (24).

This phenomenon has a role in the
defensive-adaptation mechanisms of
buckwheat. The main defensive-adaptation
trait of buckwheat is assumed to be its
intensive growth. Buckwheat can compete
with others species owing to evolutionary
adaptability to a warm and wet climate and
to its capacity for long intensive growth,
branching, blossoming and fruit formation. In
conditions of light and moisture deficiency,
nutritional elements supply not the flowers,
but the vegetative organs. It causes mass
dying off of ovaries, but allows the plant to
grow.

The mass dying off of ovaries is thus
caused by defensive-adaptation mechanisms
which help the species to survive. To create
buckwheat varieties with a high yielding
capacity it is necessary to transform its
defensive-adaptation mechanisms, which is
very difficult (18).

The beginning of selection in Russia is
linked to the names of I.A. Pulman (7), L.F.
Althausen (8), and with the work of
Shatilovskaya experimental station.

The station’s first achievement was the
breeding of the variety Bogatyr. The
methodology of its breeding is obscure.

The work with the variety included seed
sorting for grain size and weight. They have
written (25) that this work was done from
1901-1909. As a result, the vegetation period
of the planted variety increased by 2 weeks
and yield by ,78%.

The variety Bogatyr showed a high yielding
capacity and ability to grow under various
conditions. It has been planted in different
regions of the USSR for many years. It is
presented here as an example of the
successful use of an evolutionary method of
selection.

In the XIX century, peasants pastured
herds of animals on fields intended for
buckwheat planting, which is why buckwheat
was planted at the beginning of June.

associated  with
and fruit

Scientists at the Shatilovskaya station
established that buckwheat should be planted
during the 38rd ten-day period of May, 2
weeks earlier. In addition, the soil for
buckwheat planting should be properly
cultivated and fertilized.

A combination of selection of large-sized,
full-kernel grain, early sowing and high
yielding capacity created favourable conditions
for gathering in a selected population of
late-ripening, high-productive, large-sized
plants and for developing a high yielding
capacity. 5

In 1968, E.S. Alekseeva bred the variety
Victoria on the basis of a local high yielding
ecotype from West Ukraine.

The next stage was breeding of large-size
varieties with high technological qualities of
grain, All the local varieties of the USSR
have small seeds with weight 20 - 22 g and
satisfactory technological qualities.

The first large-size variety, Shatilovskaya 5,
was bred in 1967. The donor of large size was
a biotype from the variety Amurskaya
mestnaya, crossed with the variety Bogatyr.
Shatilovskaya 5 grain has weight 28 g; groat
outcome - up to 79%. In 1971, N.N. Petelina
bred an outstanding large-grain variety
Krasnostreletskaya with grain weight up to
33 g. The donor of large size was a biotype of
Japanese origin, from the collection material
of Vavilov All-Union Research Institute of
Plant Industry. On this basis, Petelina bred a
large group of varieties. Varieties
Shatilovskaya 5 and Krasnostreletskaya were
also used for breeding large grain varieties.
Small grain varieties are not used nowadays.

The breeding of tetraploid varieties was an
outstanding  achievement in  buckwheat
selection. The first tetraploids were bred in
the USSR by V.V. Sakharov and A.R. Zebrak
in the forties. Breeding tetraploid varieties
was  difficult since  polyploidy caused
undesirable  phenomena  with  buckwheat
(sterility, late ripening). The investigations of
L.I. Dovzenko, A.I. Tkachev, E.D. Gorin, A.M.
Dorofeev were devoted to avoidance of these
phenomena,

The following tetraploid varieties are
grown nowadays in the USSR: Bolshevik 4,
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Iskra, Minchanka and others. Many scientists
have tried to use heterosis for increasing the
yield capacity of buckwheat. The first step in
this direction was taken by G.M. Soloviev. He
worked out a method of mass hybridization on
the basis of heterostyly. Practical results
were obtained when using a method of
breeding synthetic varieties on the basis of
individual-family selection for compatibility
(27). The varieties Kievskaya and Orlovchanka
were bred by this method.

Modern  breeding might be termed
mutational. It has become clear that only
mutant genes can be donors of such valuable
traits as limited growth, lodging resistance,
narrow leafness and others.

The first success in this direction was
achieved with the breeding of a determinant
Sumchanka variety. The determinant form
was described by E.A. Stoletova in 1940, but
it was only used fo breeding purposes in 1954,
by D.M. Kildishev. A number of determinant
varieties have been bred to date. Their traits
include: limited growth; lodging resistance and
narrow leaf. These varieties give high yields
in regions with a short hot summer.

References

Based on a form with limited shooting they
have bred an ultraquick ripening variety,
Skorospelaya 86, with a period from
germination to ripening of 60 days. It can
serve as a forecrop for winter crops.

F.E. Zamyatkin and H.G. Marshall have
used homostyle autofertile forms to stimulate
the breeding of autofertile varieties, which
some scientists believe will revolutionise
buckwheat breeding. Today, homostyly has
helped to solve the problem of buckwheat
inbreeding and mass selection of mutations.
Several dwarf, short-stem, small-leaf and
other mutants have been selected for breeding
work.

The main source of initial material in the
USSR is the Vavilov All-Union Research
Institute of Plant Industry. It possesses a
collection of more than 2000 buckwheat
samples. More than 1700 of them are local
varieties from the USSR. :

Testing is a very important stage of the
breeding process. For this purpose, the State
Commission for Cultivar Testing was founded
in 1937 in the USSR. It has branches for
testing in all regions of our country.

1. Batanuu A. ®. KynbTypHbie copra rpeunxu. 3emnesebpueckas rasera, No 11, 12, 13 CI16. 1881 r.

(89

[Myasman U. KpaTkue o6uue pe3yibTaThl UCCIeNOBaHNsA 00 ypoxae rpeuuxu 3a 15 et (1883-1897).

MeTeoposnoruyeckuil BecTuk, 1899, No 4, c. 99-107.

(O8]

Mynbman U. A. Tpeunxa (Polygonum fagopyrum esculentum) CII6. 1905.

4. Anprraysen JI. @. Kakumu npuunsamu o6ycloBauBaeTest Habnogaemoe B Poccun cHukenue ypo-
KAMHOCTH FPEYNXM M KAKUE OIBITHI MOLJIN Obl ObIT MPEANPUHATDI [1sl M3y 4EHMs! ITOTO Bonpoca’
Tpyne! 1-T0 che3pa gesiTeneit Mo CelbCKOX03sMCTBEHHOMY onbITHOMY fiey B C.—IlerepGypre. CII6.;

1902, c. 42-85.

N

Jleoenauues A. H. K 6unoruun rpeunxu. CenbCKOE XO35IACTBO U JIECOBOJCTBO. T. 237. 1911 5.

6. Cneskun I1. P. Tpeunxa n eé posaenbiBanue B Poccun. Exeronuuk Tnasuoro ynpasnenus 3emiey-
crpoiicTpa u 3emieenus no aenapramenty 3emnenenus. [erepGypr. 1913.

7. Mynbman U. A. Ouepk AesATeNbHOCTH 1 PE3YIbTaThl PaG0T BOropoiuiikoro onsITHOro noJisi 3a 40 ner
(1881-1921). BecTHHK OMBITHOTO JIeNd CPejiHE-YePHO3eMHON obnacTn. SAnBapb-nekadps 1922 r.

8. Amnbrraysen JI. Y3 coprosojubix pador Haj rpeunxoit. Coobuenue u3 Bopo no 3emiefenuio 1
[TousoBegeHMIO Y yeHOro KoMuTeTa [naBHoro Ynpasienus 3emiegenns 1 3eMICyCTPORCTBA U 3eM-

nepenust. T. 3. 1910. CII6.

9. Cronerosa E. A. I'peunxa. Cenbxosrus. JI. 1940.
10. Kpotos A. C. I'peunxa. Cenabxo3usgar. M.-JI. 1963

11. Kporos A. C. [Ipanenko E. T. Amduanmiong rpeunxu Fagopyrum Giganteum Krot. sp. Nova.
Broanerens BHUU pactenueso aersa uM. H. M. BaBunosa, 1973, No 3, c. 41-44.
12. Cronerosa E. A. I'peunxa. Cenbxosruz. M.—J1.. 1958.



50

13.

14.

15.

16.

Ll

18.
19,

20.

21.

22.

N.V. Fesenko

Mpsauumnukos 1. H. O dochopuokucnbix ynobpenusix. Pochoputsbl. BecTHHK cenbckoro
xo3stcTBa. 1902, No 44.

Kopxwunckuit C. Y. u MonTteBepae H. A. OnbiTbl Hap onbuieHHeM rpeduxu. OTHeNbHbIA OTTHCK.
CII6. 1898.

decenko H. B. O6 3¢ppeKTUBHOCTH WILIETHTHMHOTO ONbIJICHHSI TPEYHXH B €CTECTBEHHBIX YCIOBUSIX.
CenbckoxossicTennas ouonorus, 1971, No 3, ¢ 465-467.

[Taywesa 3. I1. Pe3ynbTaThl H3yyeHUs IPOLIECCa OTMUPAHUS 3aBSI3€H Y TPEUUXHU C IOMOILBIO MEYEHBIX
aroMmoB. JToknagsl TCXA, 1957, B. 27

Samarkun @. E. BausiHue pa3sHOKAyeCTBEHHOCTH JIETUTUMHOTO ONBUIECHHSI HA IUIO000pa30BaHUE
rpeunxu. Cenexkuusi u arporexuuka rpeunxu. Open, 1970, c. 196-205.

decenko H. B. Cenekiuus n ceMeHOBOACTBO rpeuynxu. »Konoc«, 1983.

decenko H. B., [Iparynosa B. E. ®opMupoBanue, HalIuB U CO3PEBAHUE 3€PHA y COPTOB IPEUUXHU.
Hoxknagsl BACXHWII, 1971, Bem. 11, ¢. 17-18.

[Tenonupac A. A., 3oroBa E. Marepuains! no 6uonoruu rpeunxu. OnbitTHas naceka. 1929, No7-8, c.
309-315.

JTebepsanueB A. H. MccnegoBanus no Bonpocam 6uosnoruu rpeunxu. Tpynsl HlaTunosckon cenbeko-
XO3SIMCTBEHHOM OnbITHOM cTanuu. 1919, Opemn, cep. 2. Bbim. 2.

Konenpkueckuit I'. B. OnbuieHue rpeunxu n4€naMu — BasKHbIH pPe3ePB MOBBILICHUST YPOXKARHOCTH
3epHa U yBesndeHus megocobopa. I'peunxa u npoco. Opein, 1967. c. 235-248.

. IMaymesa 3. I1. O6 oTMUpPaHUK LBETKOB IPEUMXH U 3aBSI3€¥ ¥ MPUEMAX TOBBILLICHUS YPOKANHOCTH

rpeunxu. Joknager TCXA, 1960, B 53.

. Conosbes I'. M. XapakTep pa3BUTUSI U BPEMsI OTMUPaHUS LIBETKOB y rpednxu. CeseKuus u CEMEHO-

BoacTBO, 1947, No 10.

. Jlucunpin I1. M. Cenexuuonnsiit otnen. M36panubie counnenusi. — M. Cenbxo3rus, 1953. 1. 2 c. 233—

255.

. Conosbes I'. M. 3naueHue reTepoCTUINM IPU THOpUAM3aLK rpeunxu. — CeneKkuust U CEeMEHOBOJCTBO,

1952, No 4, c. 17-28.

. ®ecenko H. B., Autonos B. B. Mcnonb30Banue MHAMBUYATLHOTO NEPHOAMUECKOTO OTOOPA B CEJIeK-

LIMU TPeYUXH Ha ypoxkanHocTb. Hayunsie Tpyast BHUMU 3epH06060BBIX U KPYNSIHBIX KyabTyp. 1978,
T.7,c. 118-127.



Fagopyrum 10 (1990): 51-55

Zinc in buckwheat
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Abstract

Buckwheat flour was subjected to peptic and pancreatic digestion. The soluble zinc component
in the digesta was separated by gel filtration chromatography on Sephadex G-50. Approximately
72% of the zinc in buckwheat was solubilized on digestion. The majority of the soluble zinc was
bound with a substance with molecular weight of approximately 1,000 dalton. Our findings
suggest that zinc in buckwheat may be available for absorption.

Cink v ajdi

Proudevani sta bili peptiéna in pankreatska prebavljivost ajdove moke. Po tretiranju je bila
topna komponenta s cinkom lo¢ena s kromatografsko gelsko filtracijo na Sephadexu G-50.
Priblizno 72% cinka ajdove moke je topnih na ta nacdin. Vedina topnega cinka je bila vezana na
snov z molekulsko maso pribliZzno 1000 daltonov. Na osnovi ugotovitev se lahko domneva, da je

cink v ajdovi moki za organizem dostopen.
Introduction

Zinc is an essential micronutrient for
humans. Today nutritional deficiency of zinc is
fairly common throughout the world and is
one of the major nutritional problems (Prasad
1982, Sandstead 1973, Moynahan and Barnes
1973). The World Health Organization has
published provisional requirements for dietary
zine (WHO 1973). A recommended dietary
level for zinc has been established in several
countries in recent years (IUNS 1982). Zinc is
widely distributed in foods. Rich sources of
dietary zinc include meat, milk, and dairy
products (Welsh and Marston 1982, Spring et
al. 1979, Gibson and Scythes 1982). Cereals
are also a good source of dietary zinc in view
of their large consumption.

Availability of dietary zinc for intestinal
absorption is generally low (Hazell 1985).
Furthermore, a marked variation in the
absorption of zinc has been observed among
different foods (Sandstead et al. 1982,
Sandstrom et al. 1989). There dre many

" which dietary =zinc is

dietary constituents, including protein, dietary
fiber and phytic acid, that beneficially or
adversely affect the absorption of zinc
(Cousins 1985). Although the chemical form in
presented to the
absorptive cells appears to have a profound
influence on the availability of the zinc
(Sandstrom 1988), the chemical form in which
dietary zinc occurs prior to the absorption is
still not fully understood.

Buckwheat (Fagopyrum esculentum
Moench) constitutes an important source for
humans of some essential nutrients such as
protein and vitamins. Although buckwheat
contains zinc (Tanaka et al. 1974, Pomeranz
1983), it is unknown whether or not the zinc
in buckwheat is available for gastrointestinal
absorption, or is utilizable as a good source of
dietary zinc.

The present study aimed to characterize the
zinc present in buckwheat and then to clarify
the distribution of zinc and its chemical form
on the 1in vitro enzymatic digestion of
buckwheat.
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Materials and methods

Materials. Commercially available fresh
buckwheat flour was obtained locally and
used immediately. The protein content of the
buckwheat flour, as determined by the
micro-Kjeldahl method (N x 6.31) (AOAC
1984), was 12.49 ¢ 0.19 g per 100 g flour on a
fresh weight basis (means * S.D.). Pepsin (EC
3.4.23.1, from porcine stomach mucosa, 2 x
cryst.) was obtained from Sigma Chemicals
Co.; and pancreatin NF, from Difco
Laboratories. Sephadex G-50 was a product of
Pharmacia LKB Biotechnology. All other
chemicals were of analytical grade.

Classification of zinc. To obtain information on
the form of zinc in buckwheat flour, zinc in
the flour was classified with respect to water
solubility: buckwheat flour was incubated in
a 20-fold volume (V/W) of water for 2 h at
37°C, followed by centrifugation at 10,000 x g
for 20 min; the supernatant obtained was
then assayed for zinc. Another aliquot of the
supernatant was applied on a Sephadex G-50
column (1.6 x 95 cm), which had been
pre-equilibrated against distilled water.

In _vitro proteolytic digestion. Proteolytic
digestion was performed according to the
method of Akeson and Stahmann (1964) with
a slight modification (Ikeda 1984). Peptic
digestion was performed in 0.06N hydrochloric
acid for 3h at 37°C with an enzyme-to-protein
ratio of 1:100. Immediately after peptic
digestion, the incubates were adjusted to pH
8.0 with 2M Tris-HCl buffer. A pancreatin
solution was then added to the digestion
mixtures with an enzyme-to-protein ratio 1:20
and incubated for an additional 20 h at 37°C
in 0.2M Tris-HCl buffer (pH 8.0). Sodium
azide was added to the digestion mixture to a
final concentration of 0.025% to prevent
growth of microorganisms. Immediately after
digestion, the suspension was placed in an
ice-cold vessel to diminish enzymatic action,
and then clarified by centrifugation (10,000 x
g, 20 min). An aliquot of the soluble digesta
obtained was assayad for zinc. Another

aliquot of the soluble digesta was applied on
a Sephadex G-50 column (1.6 x 95 cm),
pre-equilibrated against 0.1M Tris-HCI buffer
(pH 8.0).

The insoluble fraction after digestion was
incubated with 0.05 - 5.0% sodium dodecyl
sulfate (SDS)  solution, followed by
centrifugation at 10,000 x g for 20 min. An
aliquot of the supernatant obtained was
assayed for zinc; and another aliquot of the
supernatant was applied on Sephadex G-50
column (1.6 x 95 cm), pre-equilibrated against
0.1M Tris-HC1 buffer (pH 8.0) containing 0.5%
SDS.

Analytical methods. Zinc was determined with
a Hitachi 208 atomic absorption
spectrophotometer. In determining zinc in a
solid sample, the sample was wet-ashed with
sulfuric acid and 30% hydrogen peroxide prior
to atomic absorption spectrophotometry. The
distribution of protein in column effluents
was determined by means of Asso
measurements. Peptide content was estimated
according to the method with
2,4,6-trinitrobenzenesulfonic acid (TNBS)
(Goldfarb 1966), and phosphorus was assayed
according to the method of Bartlett (1959).

Results

Table 1 shows the total zinc and
water-soluble zinc in various foods, and the
soluble zinc released on peptic and pancreatic
digestion of these foods. The highest level of
total zinc was found with oyster. Buckwheat
flour contained a moderate amount of total
zinc. The water-soluble zinc in the foods was
in a range from 3 to 45% with an average of
approximately 20%. Buckwheat was found to
have a relatively high proportion of
water-soluble zinc in relation to total zinc
(Table 1). Figure 1 shows the chromatographic
elution profile of the water extract of
buckwheat flour on Sephadex G-50. Most of
the water-soluble zinc emerged as a single
peak with molecular weight of approximately
1,000 dalton.

Considerable amounts of zinc in all the



Zinc in buckwheat 53

Table 1. Total and water-soluble zinc in several foods and zinc released on in vitro digestion of

the foods.

total zinc in vater-soluble soluble zinc
foods 100 g food' zinc' in the digesta®

(mg) (% total zinc) (% total zinc)

buckvheat flour 2.61 £ 0.18 40.3 £ 5.8 722+ 3.0
oyster® 36.63 * 11.39 14.7 £ 0.6 53.2% 9.0
parmesan cheese? 4.28 + 0.56 17.1 1.6 91.0 7.8
soybean meal? 2.61 = 0.17 4.8*1.5 40.6 * 12.4
cgg yolk? 3.06 £ 0.47 2.9 0.7 98.3% 1.9
polished rice® 0.31 £ 0.04 18.1 = 4.2 58.1% 4.9
beef meat® 3.83 0.55 2.9%0.5 48.4% 7.0

1. Values are means * S.D. (n=5).

2. Data, except for buckwheat flour, is cited from reference (Ikeda 1990).

foods examined, except for soybean meal, were
released in their digesta on peptic and
pancreatic digestion (Table 1). A relatively
high level of soluble zinc was found in
buckwheat flour. Figure 2 shows the
classification with respect to solubility of the
zinc released on the peptic and pancreatic
digestion of buckwheat flour. Analysis of the
insoluble zinc on digestion indicated that 70.7
t 49% (means * S.D.) of the insoluble zinc
was solubilized with SDS solution.

Figure 3 shows the chromatographic elution
profile on Sephadex G-50 of the soluble
digesta which occured on the peptic and
pancreatic digestion of buckwheat flour. Zinc
present in the soluble digesta of buckwheat
flour emerged as a single peak, designated as
the zinc fraction. The molecular weight of the
zinc  fraction was estimated to Dbe
approximately 1,000 dalton. The ultra-violet
absorption spectrum of the zinc fraction is
illustrated in Fig. 4. The zinc fraction had a
maximum at 270 nm and a minimum at 250
nm,

Figure 5 shows the chromatographic elution
profile on Sephadex G-50 of 0.5% SDS-soluble
portion of the insoluble fraction which occured
on the peptic and pancreatic digestion of
buckwheat flour. The SDS-soluble zinc

consisted of two peak fractions: one peak
fraction had a molecular weight of
approximately 1,000 dalton; and the other a
molecular weight of 30,000 dalton or over
(Fig. 5).

Discussion

Buckwheat contained a moderate amount
of dietary zinc (Table 1). Noodles made from
buckwheat flour have been long popular in
Japan. A common noodle dish which is made
from approximately 80 g of buckwheat flour,
provides about 2 mg of zinc, as estimated
from the data of Table 1. This indicates that
the noodle dish provides a good source of zinc.
The zinc in buckwheat was highly soluble in
water, in comparison to that in various foods
examined (Table 1). The water-soluble zinc
component consisted of a single zinc fraction
with low molecular weight (Fig. 2). Noodles
are cooked in  boiling water before
consumption. The Japanese people usually
drink the hot water soak, "Soba-yu" in
Japanese, after eating the noodles. It has been
believed that its soak may contain nutrients
(Nagatomo 1984), although the scientific
rationale for such a habit has been yet not
fully elucidated. In terms of the high
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Figure 1. Chromatographic elution profile of the water extract of buckwheat flour on Sephadex

G-50.
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Figure 2. Classification of zinc released on
digestion of buckwheat flour with respect to

solubility.

water-solubility of zinc of buckwheat flour
(Table 1), the hot water soak, "Soba-yu", may
also be a good source of dietary zinc.
Enzymatic digestion of the foods examined,
except for soybean meal, enables the amount
of soluble zinc to be increased (Table 1).

at 420 nm
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Buckwheat contained a high level of zinc
released on digestion (Table 1), as suggested in
our previous report (Ikeda et al. 1989). The
zinc  released was bound with a
low-molecular-weight  component (Fig. 3),
perhaps with a protein-like substance (Figs. 3
and 4). The previous findings suggest that
solubilization of dietary =zine, through its
binding with low-molecular-weight components
which occured on digestion, may be essential
for the gastrointestinal absorption of dietary
zine (Ikeda 1990). Oyster, which contains zinc
highly available for gastrointestinal
absorption (O’Dell et al. 1972), is shown to
consist of a soluble, low-molecular-weight zinc
component on digestion (Ikeda 1990). On the
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Figure 3. Chromatographic elution profile of the soluble digesta occuring on digestion of

buckwheat flour on Sphadex G-50.
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Figure 4. Ultra-violet absorption spectrum of
the zinc fraction occuring on the digestion of
buckwheat flour.

i Absorption spectrum was determined in 0.1M
Tris-HCl buffer (pH 8.0).

E|£ o5 | E
Soso}-Bos0l- . k02 LEGEND:
B T S04 ] zine
goz i g i g 8 phosphorus
a §025 ~o02 ¢ 25§' ---------- absorbance at 280 nm;
z § Nl & ———— absorbance at 420 nm
oL IR, S—. A\ 2 TFRT. PR N e ) _J 0 after incubation with TNBS.
0 20 40 60 80
Fraction number (4.0 mt/tube)

Figure 5. Chromatographic elution profile of 0.5% SDS-solution portion of the insoluble fraction
occuring on the digestion of buckwheat flour on Sephadex G-50.

other hand, egg, which contained less available
zine (Oelshlegel and Brewer 1977), is shown to
consist of a high-molecular-weight component
on digestion (Ikeda 1990). In view of both the
observed amount and chemical form of zinc on
digestion, we conclude that the zinc in
buckwheat may be a good dietary source and
may be easily available for absorption.
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Abstract

The susceptibility of buckwheat (Fagopyrum esculentum Moench.) to tumour formation by A.
tumefaciens and to hairy root formation by A. rhizogenes was investigated. Tumours were incited
on stems and leaves of micropropagated plants, or on hypocotyl and cotyledon fragments of
aseptically germinated seedlings. Hairy roots were also incited on stems of micropropagated
plants. Plantlets and plant parts of the tetraploid cv. 'Pennquad’ and the diploid cv. 'Siva’
buckwheat responded very well to all A. tumefaciens strains. In all experiments the strain A281
exhibited a remarkable virulence, stronger than that of A348, Ach5 and A6. Hairy roots
developed readily on stems, at the site of A. rhizogenes inoculation. Axenic tumour tissues and
hairy roots were isolated from primary proliferations and cultured for more than a year on
hormone-free media. It has been concluded that buckwheat is very sensitive to Agrobacterium,
which could be used as a vector for genetic transformation.

Osetljivost heljde (Fagopyrum esculentum Moench.) prema
rhizogenes

Agrobacterium tumefaciens i A.

Ispitivana je osetljivost heljde (Fagopyrum esculentum Moench.) prema Agrobacterium
tumefaciens koji obrazuje tumore na biljkama i prema A. rhizogenes koji obrazuje korenove
("hairy roots"). Tumori su bili inicirani na stablu i listovima biljaka koje su razmnoZavane u
kulturi in vitro, ili na otsedcima hipokotila i kotiledona izolovanih sa sejanaca koji su klijali u
aseptiénim uslovima. Korenovi su takodje inicirani na stablu biljaka gajenih in vitro. Biljke i
fragmenti biljaka tetraploidnog varieteta 'Penkvad’ i diploidne ’Sive’ heljde su vrlo dobro reagovali
na sve sojeve A. tumefaciens. Soj A281 je u svim eksperimentima pokazao izuzetnu virulenciju,
znatno ja¢u nego sojevi A348, Ach5 i A6. Korenovi su se razvili na stablu, na mestu inokulacije
A. rhizogenes. Od primarnih proliferacija su izolovani akseniéno tumorsko tkivo i korenovi, koji se
gaje vise od godinu dana na podlozi bez hormona. Zakljuéeno je da je heljda vrlo osetljiva prema
infekeiji koju izaziva Agrobacterium, koji bi prema tome mogao da se iskoristi kao vektor za
geneti¢ku transformaciju ove vrste.

Introduction

The soil bacteria A. tumefaciens and A.
rhizogenes are known to induce crown gall
tumours and hairy roots, respectively, by the
insertion of a part of the plasmid DNA into

the plant genome. Since the genes located
between the ends of the transferred DNA are
expressed in plant cells, plasmids carrying this
DNA can be used as vectors for genetic
engineering. A number of plant species has so
far been successfully transformed, and
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transgenic plants of several species are
reported to carry new traits that improve
their economic value (Fraley et al. 1986;
Zambryski et al. 1989). Although most
dicotyledonous plants are susceptible to
Agrobacterium, numerous examples indicate
that tumourigenesis specifically depends both
on the type of plasmid harboured by the
bacteria, and on the plant genotype. The
intended genetic transformation of a species
must, therefore, be preceded by investigation
of the plants’ susceptibility to the vectors.
The genus Fagopyrum has been mentioned in
recent reviews (De Cleene and De Ley 1976,
1981) as a possible host for A. tumefaciens,
but not for A. rhizogenes. The objective of
the present work was therefore to investigate
the susceptibility of buckwheat to various
common strains of these pathogens and to
elaborate a procedure for possible plant
transformation. This is part of a long term
study aimed at introducing unconventional
methods in buckwheat breeding.

Material and methods

The tetraploid cv. °’Pennquad’ and the
diploid cv. ’Siva’ of buckwheat (Fagopyrum
esculentum Moench.) were used in the
experiments. Sterile plantlets, obtained either
by micropropagation or from aseptically
germinated seeds were inoculated with
various bacterial strains. The micropropagated
clones originated from immature embryos
which had developed a shoot-producing callus
in culture (Neskovié et al. 1987). Sterile
seedlings were raised from surface sterilized
seeds, planted in test tubes containing agar
solidified half-strength B5 salt medium
(Gamborg et al. 1968).

The bacterial strains used for inoculation
are listed in Table 1. All bacteria were
maintained on agar (1.5%) solidified YEB
medium. For inoculation of plant material,
bacteria were grown overnight at 30°C in a
plate culture, or in liquid medium with
shaking, to about 5 x 10® cells per ml.

The stems of intact micropropagated plants,
about 5 cm high, were wounded by a sterile

needle and a dense slurry of A. tumefaciens
or A. rhizogenes cells was smeared over the
wound. For A. tumefaciens inoculation, a
variation of the leaf disk method (Horsch et
al. 1985) was also employed, using cotyledon
fragments and  hypocotyl sections of
germinated seedlings, as well as the leaf disks
and petioles of micropropagated plants. Three
days after inoculation, all plants and plant
parts were transferred to hormone-free basal
nutrient medium used for buckwheat (Srejovi¢
and NeSkovi¢  1981). Growth of A.
tumefaciens was suppressed using
carbenicillin, 1 mg ml™ in the first, and 0.5
mg ml™" in subsequent subcultures. For the
elimination of A. rhizogenes, 0.5 mg ml™ and
0.3 mg ml™* of cefotaxime was used. When
tumours developed, the proliferating tissue
was excised and cultured on the same
hormone-free medium. The root tips about 10
mm long that developed after A. rhizogenes
inoculation were excised after 18 days and
transferred to Petri dishes containing 10 ml of
hormone-free media. All cultures were grown
under white fluorescent light (5.0-7.2 W.m™>),
with 16 h light cycles, at 25:2°C.

Results and discussion

The modified leaf disk procedure produced
better results in tumour induction than the
inoculation of intact plants, since the plantlets
had thin and delicate stems and apparently
suffered from mechanical injury. Nevertheless,
tumours were induced at the wound sites
with all virulent bacterial strains in almost
all plants that survived the treatment (Figs.
1-5). In cotyledon and hypocotyl segments,
about 90% of ex'plants responded to the
inoculation by forming transformed callus
tissue. The A281 strain showed the highest
virulence in all experiments, followed by
Achb, A6 and A348. Hypervirulence was
evident from the dynamics of tumour
formation in cotyledon disks (Fig. 6) and
hypocotyl segments (not presented here). After
25 days, tumours incited by the A281 strain
were large (Fig. 5) and had approximately
double fresh weight (about 60 mg per callus)
of those induced by other strains. It was
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Figs. 1-5. Tumour formation by A. tumefaciens on buckwheat, 3 weeks after inoculation. 1, 2 and
3: Strains A348, A281 and A6, respectively, induced tumours at the site of infection of
micropropagated ’Siva’ (1, 2) and ’Pennquad’ (3) buckwheat plants. 4: Hypocotyl section of a
’Pennquad’ seedling with tumours induced by Achb strain. 5: Leaf disks of an in vitro multiplied
’Pennquad’ plant infected with (from left to right): A136 (avirulent), A348 and A281 strains.
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shown in parallel experiments that the strain
A281 was also the most virulent in tobacco,
while in Kalanchoe Ach5 tended to be slightly
more efficient than the other 3 strains
(results not shown here). Hypervirulence of
the A281 strain on legumes has previously
been reported (Hood et al. 1987).

Table 1. Bacterial strains used for inoculation

Strain Description

A. tumefaciens

A136 (58 cured of Ti-plasmid, avirulent

A281 A136 with pTiBo542, contains
succinamopine and mannopine

A348 A136 with pTiA6NC, contains octopine

AchS vild type, contains octopine

A6 wild type, contains octopine

A. rhizogenes

15834 ATCC
13332 ATCC
100

Explants with tumours, %
3

o 5 10 i5 20 25
Days after inoculation

Fig. 6. Dynamics of tumour formation by
various A. tumefaciens strains in buckwheat
cotyledons; about 50 cotyledons were infected
with each bacterial strain.

Tumour tissues cultured on hormone-free
media developed into large autonomous calli.
The initial difference in growth rate between
the tumours induced by various bacterial
strains was lost during the subsequent
passages. All calli grew well for up to 12
months as displayed in an index of growth
(W1-Ws)/Wo ranging from 6-12.

Hairy roots developed at the inoculation
site and were indistinguishable from the
adventitious roots at the stem base. However,
when the tips of transformed roots were
transferred to hormone-free media, they
formed abundant root colonies (Fig. 7), in
contrast to normal roots that immediately
died. Out of 73 plants inoculated with A.
rhizogenes, 29 (39.7%) formed hairy roots. The
strain 15834 produced hairy roots in 22
(75.8%) plants, and strain 13332 in 7 (24.1%)
plants that responded to infection.

It should be noted that in all experiments
controls were run either by exposing plants to
the same  conditions without bacterial

inoculation, or by using the avirulent strain
Swelling  of  the

A136. tissues, cell

Fig. 7. Hairy roots produced by A. rhizogenes
inoculation on a ’Siva’ buckwheat stem and
cultured axenically in hormone-free medium
for 3 months.
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proliferation, or root formation did not occur
in any control samples.

The autonomous growth of axenic callus
tissues and roots was taken as preliminary
evidence that genetic transformation did
occur. Analyses of tumour extracts by paper
electrophoresis showed that tissues
transformed by Ach5, A6 and A348 produced
octopine, while A281-transformed tissue
contained mannopine. Tumour DNA hybridized
with the corresponding DNA probes in
Southern blots. These results will be
presented elsewhere.

In conclusion, we have shown that
inoculation of buckwheat seedlings or excised
organs with 4 oncogenic strains of A.
tumefaciens resulted in tumour formation in
virtually all recipients. Inoculation with A.
rhizogenes induced the development of hairy
roots. These results show that buckwheat
should be added to lists of species that are
susceptible to Agrobacterium and that
projects for obtaining transgenic plants may
be feasible.
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Abstract

Hypocotyl protoplasts of tartary buckwheat (#. tataricum) were cultured on either solidified or
liquid modified MS medium using a nurse culture technique. Maximum plating efficiency could
be raised to 25% of the living cells by means of the technique used in this experiment. Calli
were obtained four weeks after protoplast isolation, but shooting could not yet be induced.

Regeneracija kalusa iz hipokotilnih protoplastov tatarske ajde (Fagopyrum tataricum Gaertn.)

Protoplasti, dobljeni iz hipokotilov tatarske ajde (# tataricum) so’ bili gojeni na trdnem ali
tekocem MS mediju ob uporabi tehnike sokultiviranja s kalusnim tkivom navadne ajde. Z
uporabo te tehnike je bila maksimalna dosezena uspesnost iniciacije delitev celic do 25 %.
Nastanek kalusa je bil opaZen 4 tedne po izolaciji protoplastov, regeneracija brstov pa za zdaj Se

ni uspela.

Introduction

Regeneration from protoplasts is one
prerequisite for the successful use of somatic
hybridization. Quite recently Adachi et al.
(1989) were successful in plant regeneration
from protoplasts in common buckwheat (F.
esculentum). Common buckwheat shows some
excellent properties such as the extraordinary
nutritional value of the grains and a short
vegetative period, but its breeding faces
difficulties due to heteromorphic
self-incompatibility. The wild species £
tataricum provides genetic resources such as
self-fertility and high productivity. It was
therefore suggested that somatic hybridization
of the two species could lead to improvements
in common buckwheat varieties. In a further
step towards asexual hybridization this report
deals with the culture of protoplasts and the
regeneration of calli in the species ZF
tataricum.

Materials and methods

Dehulled and surface sterilized seeds were
germinated on 1/10 hormone free MS medium
containing 1% sucrose. Pieces 1 cm in length
of 7 day old etiolated hypocotyls were cut
longitudinally and preplasmolysed for one
hour in 0.6 M mannitol supplemented with 5
mM CaCls. The plasmolyticum was then
removed and replaced by an enzyme solution
containing CPW salts, 0.6 M mannitol, 1%
Cellulase R10, 0.5% Macerozyme R10. The
hypocotyls were incubated statically at 25°C
in the dark for 16-18 hours. The protoplasts
were collected by filtration through 60 pm
nylon mesh and purified by washing two
times with 0.6 M mannitol in 5 mM CaCl,
and finally floated on 20% sucrose in 5mM
CaCl,. The protoplasts were initially cultured
at a density of 5x10% protoplasts per ml in
either liquid or agarose solidified (0.5% final
conc.) MS medium supplemented with 0.5 M
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mannitol, 3% sucrose, 2 mg/1 NAA, 1 mg/1 BA
and 5 mM CaCl,. The pH was adjusted to 5.8
prior autoclaving. To improve cell division,
cultures were activated with a nurse callus
from a vigorously growing callus culture of
common buckwheat. The nurse callus was
either placed on the surface of the agarose
plates or on an agarose drop surrounded with
the protoplast suspension. The cultures were
kept in the dark at 25° for the first four
weeks. The osmolytic pressure of the medium
was reduced after 7, 14 and 28 days with an
equal volume of protoplast medium containing
0.3 M and 0.0 M mannitol, respectively. After
four weeks, colonies about 0.3-0.5 mm in
diameter were placed in liquid droplets or
agarose blocks on top of an agarose solidified
callus proliferation medium and transferred to
continuous light. After two or three weeks,
the growing calli were transferred to a
regeneration medium (Tab. 1).

Results and discussion

Cell division started 3-5 days after
activation and was slightly earlier in the
bead-type like culture than in the liquid
culture. Plating efficiency (PE) reached 25% in
the bead-type like culture compared to 14% in
the liquid culture (Table 2). Microcolonies
became visible four weeks after protoplast
isolation. Colony formation was 36% in the
liquid culture and 28% in the bead-type like
culture (Table 3). Protoplasts of F. tataricum
generally tend to browning, particularly
detrimental to growth and development in
agarose plates. This could be improved by
preselection of seedlings which did not dye the
germination medium and additionally by
frequent dilution of the liquid medium or
replacement of the medium surrounding the
agarose blocks in the bead-type like culture
with new medium (Puonti-Kaerlas et al.
1988). Colonies doubled their size within 2-3
weeks upon transfer to callus proliferation
medium and continued their growth also on
the regeneration medium to form white to
light-yellow calli. Because ZF. tataricum is
quite reluctant to regenerate in tissue culture
from various explants e.g. hypocotyls,

immature embryos or axillary buds (not
published) an optimal regeneration medium is
still not established. A low regeneration
capacity was also observed in the wild species
Fagopyrum cymosum (Takahata 1988).

This is the first report on protoplast
culture in F tataricum. It could be shown
that it is possible to raise the PE from
approximately 1% (Adachi et al. 1989) to over
4% by means of the nurse culture technique.
This was also reproducible with several
common buckwheat varieties (Data not
shown). Without a nurse callus, protoplasts
started to divide 7-10 days after isolation
independent of the culture conditions. The
development stopped in the two-cell stage and
after two weeks the culture collapsed. This
was also observed in potato by Hein and
Schnieder (1986).

Tab. 1. Media protocol for protoplast culture
in /. tataricum

Components ~ Protoplast  Callus  Regeneration
MS

basal medium 0 0 0

CaCl> 5 m - -

Sucrose 3% 6% 3%

Mannitol 0.5 M - -

BA 1 mg/l 1 mg/l 2 mg/l

NAA 2 mg/l 1 mg/l 0.1 mg/l

Agarose 0.5%) 0.7 % -

Agar - - 0.7 %

pH 5.8 5.8 5.8

Tab. 2. Plating efficiency PE* of Z

tataricum prQtoplasts four weeks after

culture initiation

Culture Cells Living PE (%)  PE (%) of
counted cells living cells

bead-type

like 1000 171 4.3 25

liquid 1000 247 3.6 14

no. of dividing cells

*PE = x 100

total no. of cells counted
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Tab. 3. Colony formation of F. tataricum
protoplasts four weeks after culture initiation

and Taiji Adachi

This report taken in conjunction with the
communication of Adachi et al. (1989) provides
some evidence of the applicability of somatic
hybridization in buckwheat breeding.

Fig. 1. Callus formation from protoplasts of #.
tataricum. A. Freshly isolated protoplasts. Bar
=100 pm. B. Protoplast-derived cell colony
four weeks after culture initiation. C. Calli
on regeneration medium.

Culture Living Dividing Colonies Colonies (%)
cells cells  bigger than of dividing
10 cells cells
bead-type 171 43 12 27.9
like '
liquid 247 36 13 36.0
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Abstract

The chloroplast in common buckwheat was isolated from the leaf extracts by silica sol
gradient, subsequently its DNA was purified. To analyze its macro molecule, we observed the
electrophoretical patterns of DNA fragments digested with the three restriction endonucleases.

Izolacija in raziskava DNK kloroplastov pri ajdi

Kloroplasti ajde so bili izolirani iz ekstraktov listov s silika sol gradientom. Fragmenti DNK,
dobljeni po tretiranju z restrikcijskimi endonukleazami so bili raziskani z elektroforezo.

Introduction

There has been an explosion of information
concerning the structure, gene content and
expression of the chloroplast genome in a wide
range of plants in the last decade (Shinozaki
and Sugiura 1986). Chloroplast is not only an
important apparatus for photosynthesis, its
genetic system is organized in a relatively
simpler structure than that of the nuclear
and mitochondria genomes (Palmer 1985).
Additionally, chloroplast DNA (ctDNA) has
become a valuable marker for investigating
phylogenetic intra and/or inter genus
relationships (Kishima et al. 1987).

However, we have no knowledge of the
chloroplast genome in Fagopyrum species. In
this report we prepared purified ctDNA from
Japanese variety of common buckwheat and
electrophoretical analysis after digesting with
three different restriction endonucleases.

Materials and methods
Plant material: The Japanese common

buckwheat variety "Miyazaki Ootsubu" was
used in this study. The plants were cultivated

under greenhouse conditions. Before the
experiment, the plants were grown in the
dark for 48hr in order to decrease starch
deposition.

Preparation of ctDNA: Isolation of ctDNA
was carried out essentially according to the
method of Mikami et al. (1984). About 50g of
leaves were homogenized in 3 volumes of
buffer AMB (G0mM Tris-HC1 pH8.0; 7mM
EDTA; 0.35M Sucrose; 5mM
2-mercaptoethanol; 0.1% BSA). After filtration
through 4 layers of gauze and 2 layers of
miracloth, the filtrate was centrifuged for 10
min at 10000 x g in a swing rotor. The pellet
was suspended by buffer AM (lacking BSA in
buffer AMB), and centrifuged. The resultants
of pellet were loaded on a stepwise
20-40-60-80% Ludox AM containing 1% Ficoll,
3% PEG and 1% BSA in isolation buffer
(0.35M sorbitol, 2mM EDTA, 25mM Tris-HCI
pH7.5), and centrifuged at 1000 x g for 0.5hr
in an angle-bucket rotor as described by Price
et al. (1987). Chloroplast fraction was
collected and gently diluted to 3 volumes
with buffer AM, and pelleted at 1000 x g for
20 min.
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The pellet was resuspended in TE buffer
(60mM Tris-HCl pH8.0; 10mM EDTA), lysed
by addition of 3% Sarkosyl and proteinase K
(1000pg/ml). After overnight incubation, DNA
was extracted from the equivalent of
phenol-chloroform (1:1). DNA was purified by
precipitation with 2.5 volumes of ethanol and
CsCl-ethidium bromide equilibrium
centrifugation as described by Sugiura and
Kusuda (1979).

Restriction endonuclease analysis: HindlIl,
Pstl and Smal purchased from Nippon gene
and Takara Shuzou were used to digest
purified DNA. 1.5pg DNA was supplied in a
reaction of 20p1 enzyme solution.
Electrophoresis was performed on 0.8%
agarose gel by the method of Sugiura and
Kusuda (1979). After electrophoresis, the gel
was stained with ethidium bromide and
photographed with 254 nm UV light.

Results and discussion

A) Chloroplast isolation: In this experiment,
we chose the use of silica sol (Ludox AM)
stepwise gradient to isolate chloroplast
fraction rather than the sucrose stepwise
gradient method which is commonly employed,
since the silica sol gradient method does not
require ultra centrifugation, and it is
therefore convenient to manipulate and
rapidly to complete the step.

As shown in Figure 1A., the chloroplast
band appeared at the 20 - 40% interface in
the centrifuged gradient. Microscopic
observation indicated that this fraction
consists primarily of intact chloroplast (Figure
1B.), and is devoid of other cell components
and any debris as far as examined. Following
the chloroplast lysis, ctDNA was purified by
CsCl density gradient ultra centrifugation.

Figure 1. Isolation of buckwheat chloroplasts by using silica sol gradient. A. Centrifuged
chloroplast fraction is found as thick band between 20-40% silica sol layer. B. Microscopic
observation, at a magnification of 400, of the chloroplast isolated from silica sol fraction.
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B) Restriction endonuclease analysis: Figure 2. different enzymes, HindIll, Smal and Pstl.
represents the electrophoretic profiles of Appearance of these discrete fragments
completely digested c¢tDNA with three revealed that the DNA sample examined here

kbp
21.23 ™

» o
N o
Al

3.53

0.98
0.83

Figure 2. Restriction endonuclease fragment patterns of buckwheat ctDNA. Lane 1. HindIIl and
EcoRI double digest of lambda DNA; 2. buckwheat ctDNA digested with HindIIl; 3. digested
with Smal; 4. digested with Pstl. Numbers at the left side indicate the molecular sizes of lane 1.
used as size marker.
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was without contamination by other kinds of
DNA molecules. When contaminated, faint
bands or smear patterns can be observed.

In the case of the HindIIl electrophoregram,
at least 18 fragments were detected ranging
in size from 16.0 to 1.03 kilobase pairs (kbp).
Smal and Pstl digests from buckwheat ctDNA
display 11 and 10 bands, respectively, in this
profile. In Sma I and Pst I cleavage patterns,
however, certain DNA fragments of high
molecular size, obviously larger than 20.0 kbp,
are slightly visible.

When lambda DNA treated by double
digestion with HindIIl and EcoRI was used as
size marker,an approximate chloroplast genome
size for buckwheat was estimated. By
summing the molecular size of Hindlll
fragments, about 149 kbp was given in size.
Taking into account many other species data
(Palmer 1987), this value is quite plausible,
although further investigation is necessary to
be exact.

This is the first communication involving
buckwheat chloroplast genomes. To elucidate
the taxonomic and evolutionary relationships
in the genus Fagopyrum, we are comparing
the restriction endonuclease patterns by using
a number of species.
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Abstract

The influence of dietary and acid detergent fiber with varied particle size on casein digestion
by pepsin, trypsin and chymotrypsin was investigated in vitro. The highest inhibition (10-15%)
was found for trypsin and chymotrypsin with the addition of acid detergent fiber.

Synopsis

Badano in vitro wplyw blonnika pokarmowego i blonnika detergentowego kwasnego o
zréznicowanych rozmiarach czasteczek na trawienie kazeiny przez pepsyne, trypsyne i
chymotrypsyne. Znacznie wyZsza inhibicje (10-15 %) stwierdzono w przypadku trypsyny i
chymotrypsyny z dodatkiem btonnika detergentowego kwasnego.

Resumé

On a étudié in vitro l'influence de DF et ADF a différentes dimensions des molécules, sur la
digéstion de la casCine par pepsine, trypsine et chymotrypsine. L’inhibition importante (10-15%) a
¢té mis en evidence en cas de trypsine et chymotrypsine en presence de ADF.

Vpliv vlaken na encimatski razkroj kazeina

Proucevan je bil vpliv vlaken z razliénimi velikostmi delcev na in vitro razkroj kazeina s
pepsinom, tripsinom in himotripsinom. Najbolj je bil razkroj oviran (za 10 do 15 %) pri dodatku
kislih detergentnih vlaken.

Introduction and the digestive
Bartnikowska, 1987).

In earlier in vitro experiments (Amarowicz
et al, 1988) buckwheat fiber was found
significantly to reduce the amount of

enzymes (Hesik and

The high content of lysin in buckwheat
protein causes the nutritive value to be high
compared to cereals (Amarowicz and Fornal,
1986; Javornik et al, 1981). However, alpha-amino nitrogen released from cereals by
experiments with animals has shown low trypsin and chymotrypsin. Acid detergent
digestibility of buckwheat protein, which may fiber inhibition was clearer than that of

be due to the high content of fiber and
tannins in the seeds (Eggum et al., 1981).
Numerous in  vitro experiments have
demonstrated that fiber causes changes in the
activity of the digestive juices in the
duodenum. Electrostatic and other interactions
may occur between various fiber compounds

dietary fiber.

The aim of the present work was further
investigation of the above phenomenon, with
particular consideration of the influence of
fiber particle size on the inhibition of protein
proteolysis.
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Material and methods

Dietary fiber (DF) was obtained from
buckwheat seed coat according to Schweizer
and Wursch (1979) and acid detergent
fiber(ADF) according to van Soest (1963). The
material was ground and separated on sieves
into fractions 260-150 pm, 150-105 pm and
<105 pm.

400 mg of casein (Fluka) and 20 mg pepsin
(IE), trypsin or chymotrypsin (Serva) were
dissolved in 25 ml 0.02 M chydrochloric acid
or phosphate buffer (pH 7). Control samples
were fiber free, while those examined
contained the addition of 50 mg of DF and
ADF which had been previously obtained.
After 1 hour incubation at a temp. of 37°C
combined with shaking, the enzymatic reaction
was interrupted for the addition of 10 ml of
5% trichloroacetic acid. After filtration, the
tyrosine content in the solution was

determined by reaction with Folin-Ciocalteau’s
reagent (Mejbaum-Katzenllenbogen and
Mochnacka, 1966). Each sample was tested 4
times. The mean values obtained were
compared using the t-Student test.

Results and discussion

The results obtained are presented in
Tables 1 and 2. The amount of tyrosine
released from casein by pepsin diminished
with the addition of DF (fractions 150-105 pm
and <105 pm) and of ADF (fraction 260-150
pm) (Table 1). Using trypsin, the inhibitory
effect was observed with the addition of DF
fraction 260-150 pm and with the addition of
all three ADF fractions. The amount of
tyrosin after enzymatic hydrolysis with
chymotrypsin was obviously lower than on
the addition of both kinds of fiber, regardless
of particle size.

Table 1. Influence of the addition of fiber on the amount of tyrosine (pmol) released by enzymes

under experimental conditions.

Sample Pepsin

Trypsin Chymotrypsin

Control 39.120.3

With the addition of DF

Fractions: 260-150 pm 38.7x0.8(C**)
150']05 pm 36.520_5(A**B*:|=C:;x*)
<105 }Jm 37411 _O(Azkxg)

Vith the addition of ADF

Fractions: 260-150 pm 37.3%0.8(A**)
150-105 pm 38.2+1.0(B**)
<105 pm 39.31.2

33.7*0.5 45.1%0.2

42.120.9(A**Br+C)
44,250 4(A<BHCH)
39,90, 7(A**C**)

31.8%0.7(A**)
32.8%0.7(B*)
30.8%0.7(A**)

30.&0.6(/‘**) 39'210.9(14**8:!:*)
30.1%0.3(A*B**) 38,20, 9(A*+B*)
29.7%0.8(A™*) 38.9%1 . 2(A%¥)

A - significant difference between the sample
with fiber and the control sample

B - significant difference between the sample
with DF and the sample with ADF

C - significant difference between samples
with different fiber particle size

* . P = 005;
*_P =001
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Table 2. Ratio of tyrosine by enzymes in investigated samples to

that released in control samples (%).

Sample Pepsin Trypsin Chymotrypsin

With the addition of DF
Fractions: 260-150 pm 99.0 94.4 93.3
150-105 pm 93.4 97.3 98.0
<105 pm 95.7 91.4 88.5

With the addition of ADF
Fractions: 260-150 pm 95.4 89.9 86.9
150-105 pm 97.7 89.3 84.7
<105 pm 100.5 88.1 86.3

It follows from the experiment that the
inhibition of casein proteolysis depends on the
kind of fiber. The amount of tyrosine released
from casein by trypsin and chymotrypsin was
lower in the case of DF addition than in the
case of ADF addition. This statement relates
to fraction 150-105 pm, and for chymotrypsin
also fraction 260-150 pm.

The influence of fiber particle size on the
enzymatic hydrolysis of casein was obvious for
the DF addition with the use of pepsin. In the
case of enzymatic reaction with the use of
chymotrypsin, significant differences were
observed between samples with the addition
of each DF fraction; the greatest proteolysis
inhibition was found for fraction <105 pm.

The ratio between the mean values of
released tyrosine in the samples ranged from
84.7% to 100.5% (Table 2), while inhibition -
from 10% to 15% at ADF addition to samples
with trypsin and chymotrypsin and for
fraction <105 pm with DF addition using
trypsin. In the remaining samples, the
inhibition of casein proteolysis ranged from 0%
to 10%.

The varied influence of dietary fiber and
acid detergent fiber results from their
different chemical composition. Dietary fiber
mainly consists of hemicellulose, cellulose and
lignin, while acid detergent fiber contains no
hemicellulose. Amarowicz and Fornal (1987)
reported that buckwheat dietary fiber

contained 22.8% of hemicellulose, 37.3% of
cellulose and 39.9% of lignin.

The influence of fiber particle size on the
course of protein proteolysis observed during
the experiment is probably a result of the
varied contact between the active centre of
the enzyme and the substrate.

However, the problem requires further
investigation, which is confirmed by the
results of Ikeda et al. (Ikeda et al. 1986 and
1989). They suggested that the increase in the
trypsin-inhibitory activity of various dietary
fibers was greater when the fiber had been
added to the substrate prior to the addition of
the enzyme. In this context there appears a
question about the nature of the complexes
forming and their influence on enzymatic
activity. A complement to this problem might
be Acton’s suggestion that dietary fiber may
reduce protein digestibility through ionic
interaction, matrix restriction, and modification
of filtration characteristics by the fiber (Acton
et al. 1982).
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Abstract

Studies conducted on the growth and development behaviour of grains of Fagopyrum revealed
the existence of a disparity with regard to size and their capacity to accumulate dry matter. By
and large, there were two types of grains (bolder and smaller) which were distinguishable from
each other by their weight and volume. The relative status of their endogenous hormones
indicated that the variation in grain weight was traceable to the distribution pattern of different
endogenous growth regulators. Three different auxins (IAA and two unknown) and two
cytokinins (zeatin and 2iP) were detectable in all the grains. However, the bolder grains possessed
significantly higher levels of these substances. The exogenous application of these growth
promoters led to vigorous enhancement in dry matter gathering capacity of those grains which
were smaller in size. The level of gibberellin, on the other hand, (GAs and GA-), was not
associated with grain weight. However, it altered another important facet determining the sink
size i.e., fertility (grain number/ear). It was concluded that the relative contribution of different
endogenous hormones was the major factor determining the differences in grain weight and/or
sink efficiency in Fagopyrum.

Vloga hormonov za rast zrn pri ajdi

Raziskava razvoja in rasti zrn ajde je pokazala razlike glede zmoZnosti kopi¢enja su§ine v zrnih
in rasti zrn. Vecja zrna se od manjSih razlikujejo glede na maso in volumen. Raziskava relativnih
odnosov endogenih hormonov je pokazala, da lahko razlike v masi zrn poveZemo z razlikami v
endogenih regulatorjih rasti. Kvalitativno so bili ugotovljeni trije razlicni avksini (IAA in dva
neznana) in dva citokinina (zeatin in 2iP) v vseh zrnih, toda njihove relativne koli¢ine so razli¢ne;
vetja zrna so imela veé¢ teh snovi. Tretiranje manjSih semen z omenjenimi rastnimi hormoni je
povecalo njihovo sposobnost akumuliranja suSine. Nasprotno pa nivoja giberelinov (GAs in GA-)
niso mogli povezati z maso semen. Videti pa je, da so povezani s Stevilom zrn na socvetje.
Ugotovljeno je, da je relativna razporeditev razlicnih endogenih hormonov pomemben dejavnik, ki
dolo¢a razlike v teZi zrn oziroma v uéinkovitosti ponorov asimilatov pri ajdi.

Introduction to shed new light on its yield ability and
hence may prove beneficial in realising a

Buckwheat (Fagopyrum esculentum) has higher harvest index. A review of research
immense economic potential due to its protein into the physiological basis of grain growth
rich grains, plant hardiness, short growth reveals that Percival (1921) was perhaps the
period and the use of the foliage as a green first to report that grains within the same
vegetable. An examination of the various ear of cereals or related crops might be of
physiological attributes governing its grain different sizes and he opined that this
yield, especially with regard to endogenous difference might be due to some physiological

hormones vis-a-vis metabolic profile, is likely attributes operating within them. Since then,
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a number of investigations have been carried
out to evaluate the relative importance of
diverse physiological processes and their
contribution to grain growth or yield. Lupton
(1966) working on wheat and Hulquist and
Eastin (1970) working on sorghum, concluded
that an efficient translocation system
invariably contributed towards higher yield.
On the other hand, Wardlaw (1968) and
Bremner (1972), emphasised the ability of
individual grains to grow and precipitate
carbohydrates rather than the translocation,
as the major determinant of seed growth.
Asana (1974) argued that since the growth
rates of grains of wheat within the same ear
and variety differed during the early stages
of the ontogeny of grain, when assimilates
were not limiting, some inherent factor(s)
must control the growth of these grains.
Working on the hormonal control of sink
efficiency in wheat, Bhardwaj and Dua (1974,
1975), Dua and Bhardwaj (1979a, 1979b) and
Dua et al. (1982), showed that variation
among varieties with regard to 1000 grain
weight was traceable to the endogenous auxin
and cytokinin production of the variety
vis-a-vis that of the ear. It was unequivocally
shown (Dua and Seghal, 1981), that heavier
grains possessed a  significantly higher
combination of auxin and cytokinin than
peripheral smaller grains. This postulation
was further confirmed by culturing heavier
and smaller grain in a standardised nutrient
media, where it was shown beyond doubt
(Dua and Kalsi, 1989), that the size of the
grain was determined mainly by the
endogenous status of hormones and it was
this factor which governed the yielding ability
in a single grain or ear and in totality
determined the variability amongst the
different grains of the same ear. A situation
analogous to that of Triticum seems to exist
in minor cereals like buckwheat, where
variation amongst genotypes or different
grains is also prevalent. Tahir and Farooq
(1983, 1985) reported that two species of
Fagopyrum viz. F. esculentum and FZ.
sagittatum yielded poorly due to a plethora of
diverse factors. The yield was correlated to

flower abortion and/or the presence of mature
and immature grains simultaneously at the
time of harvest along with precocious
germination of grains. Other workers, such as
Adachi et al. (1983), have also attempted to
interrelate  its  yielding  ability  with
multifarious events, and various constraints
determinant of economic yield have been
isolated. Working on these lines, Sugawara
(1960) opined that translocation of
carbohydrates to the developing grains might
be a limiting factor during grain setting,
while Morton (1966) suggested that low grain
yield in Fagopyrum could not be attributed to
the lack of pollination, non-viable pollen,
self-incompatibility mechanism or any other
limiting cause and that some unknown
factor(s) responsible for poor yield might be
operating in these grains. Work done in the
last two decades in production physiology has
revealed that the yield capacity in craps is not
only influenced by the availability of
photosynthates but mainly by their sink
efficiency i.e., the inherent capacity of grains
to grow, and each grain might be endowed
with its own production potential (Dua and
Kalsi, 1990). Since a situation of differential
growth and dry matter precipitation potential
linked with poor yield has been prevalent in
the grains of Fagopyrum, it was considered
worthwhile to look into the relative
components of sink .size along with a
concomitant probe into the relative levels of
endogenous hormones in these unequally
growing grains. It is further proposed to
examine the effect of exogenous application of
growth regulating substances on their dry
matter precipitation capacity (harvest index).

Materials and methods

Plants of ZFagopyrum esculentum were
raised in pots (40x30x30 cm) containing 30 kg
of soil mixed with FYM, (Farm Yard Manure)
at Saproon Valley (H.P.) in the lower
Himalayas. Twenty seeds per pot were sown
and sixteen days later, seedlings were thinned
to eight, with the tagging of mother shoots.
The plants were grown with an optimum
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supply of water and nutrients and were given
a dose of Hoagland Solution at 10 day
intervals. The date of anthesis was noted and
the growth rate of different grains was
recorded from eight days after anthesis until
maturity. The grain volume was measured by
the water displacement method as reported by
Dua et al. (1983).

For the extraction of growth regulating
substances, samples from individual mother
shoots were pooled and divided into different
lots. Grains from the first fertile floret
characterised by a higher precipitating grain
weight and volume were grouped as B
(Bolder) grain and similarly, grain possessing
significantly lower grain weight and volume,
was apportioned as S (Smaller) grain. Grains
of the same age were used for the estimation
of different endogenous hormones. The
subsequent analysis, involving the extraction
and estimation of plant growth regulating
substances, was carried out at the
Department of Botany, Panjab University,
Chandigarh. The samples were extracted with
80 per cent ethanol at 0°C in a refrigerator
over a period of 24 hours. The extract was
evaporated under suction to remove the
ethanol and the aqueous phase was utilized
for the extraction of various growth
regulating substances. The auxins were
extracted by the method of Nitsch (1956) and
gibberellins by the procedure given by
Murakami (1966). The purified extracts were
chromatographed on Whatman Filter paper
No. I, using iso-propanol : ammonia : water
(10:1: 1 v/v/v) as a solvent for the developing
chromatographs. The different gibberellins,
GA3, GA5, GA7, GA9, and auxin (IAA) were
run separately and the different Rf zones
were bioassayed to detect their activity. The
qualitative and quantitative estimation of
cytokinins was carried out by a comprehensive
scheme standardised previously in this
laboratory (Dua and Jandiak, 1979). Standard
series comprising zeatin riboside, zeatin
ribotide, =zeatin and 2iP were also run
simultaneously on separate papers under
identical conditions. All Rf zones, eluted with
0.3N COsCOOH were tested for cytokinin

activity by the Xanthium strumarium leaf
disc senescence technique of Osborne and
McCalla (1961). Estimations of auxin activity
were carried out by use of the coleoptile
straight growth test as described by Mer et
al. (1962) with ’Kent’ oat (Avena sativa L.)
coleoptiles, gibberellins by the modified
technique of Ogawa (1963) using rice (Oryza
sativa L.) cultivar ’'Tainen-3’ seedlings. The
data were analysed statistically according to
the analysis of variance method.

Results
1. Studies on grain growth

A close scrutiny of the data available from
growth studies on the grains of Fagopyrum
(Fig. 1) revealed the existence of two types of
grains. The two types differed significantly in
their weight and volume at all stages of
grain development. At 8 days after anthesis,
grains categorised as bolder were
approximately 51.7 per cent heavier than
grains growing nearby and classified as
smaller grains. Similarly, these bolder grains
were 57.8, 64.1 and 68.5 percent heavier than
their counterparts (smaller grains) at 15 and
22 days after anthesis and at maturity
respectively. Volume estimates revealed that
bolder grains were 13, 16, 19 and 20 percent
more voluminous than smaller grains at 8, 15
and 22 days after anthesis and at maturity
respectively. In addition, the heavier grains
grew consistently faster than the smaller
grains during all stages of grain development.

2.  Endogenous distribution of growth
regulating substances in the different grains:

2A. Auxins

The pattern of auxins (per unit fresh
weight) in different grains showed that three
auxins (Rfs 0.1-0.2, auxin-I; 0.6-0.7, auxin-II;
and 0.9-1.0, auxin-Ill) were present in both
types of grain and their relative distribution,
along with total auxin, is given in Fig. 2.
Auxin-Il, which matched synthetic IAA,
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constituted the bulk of total auxins. All
auxins, irrespective of their chemical structure
or the grains in which they were present,
increased with the age of the grains. Further,
the bolder grains had 17.3, 24.4, 17.2 and 13.7
percent higher total auxins as compared to
the smaller grains at 8, 15 and 22 days after
anthesis and at maturity respectively. In
terms of the distribution of individual auxins
in the two types of grains, differences in the
levels of indole-acetic-acid were more
pronounced as compared to the other two
auxins, and were significantly higher in the
bolder grains.

2B. Gibberellins

Two gibberellins (Rfs 0.4-0.5 and 0.8-0.9)
were found to be present during the earlier
stages of development of grains of
Fagopyrum. The former matched synthetic
GA3 while the latter corresponded to GAT.
However, GA7 was not detectable during the
advanced stages of ontogeny and in general,
GA3 constituted the bulk of total gibberellins
(92 percent of the total during the earlier
stages and 89 percent in the advanced stages).
The total gibberellins decreased as the grains
progressed towards maturity and, surprisingly,
there was no significant difference in their
quantity in the two types of grain. It
appeared that this endogenous hormone plays
no major role in determining individual grain
weight but had a definite role in determining
sink efficiency through another parameter
(grain number), which is discussed elsewhere
in this paper.

2C. Cytokinins

Data on total as well as individual
cytokinins revealed the existence of two
cytokinins, at 0.4-0.5 and 0.8-0.9 Rfs, matching
zeatin ribotide and 2iP respectively. In both
types of grain, the total cytokinin increased as
the grain progressed towards maturity. As
apparent from Fig. 2, the Dbolder grains
possessed 78.6, 28.2, 49.1 and 57 percent

higher cytokinin as compared to the smaller
grains, at 8, 15 and 22 days after anthesis and
at maturity. Zeatin ribotide comprised 50, 40,
29, 40 percent of the total cytokinins present
in both types of grain, at 8, 15 and 22 days
after anthesis and at maturity respectively,
while the rest was contributed by 2iP.

3. Effect of exogenous application of growth
regulating substances on grain growth/grain
number:

Exogenous application of various growth
regulating substances offered some interesting
revelations with regard to grain weight
and/or grain number per ear. As apparent
from Fig. 3, the application of auxin or
cytokinin significantly improved the 1000
grain weight capacity and the smaller grains
responded more vigorously to the exogenous
supplementation of auxin or cytokinin. than
the Dbolder grains. The application of
gibberellin did not affect the single grain
weight component significantly. Nevertheless,
gibberellin  application improved another
desirable facet of sink efficiency i.e., the
number of grains/ear. The improvement in
fertility per ear was to the order of 40-45
percent and wherever. gibberellin was present
in combination with auxin or cytokinin, this
parameter (grain fertility) improved
significantly.

Discussion

The potential of a grain to grow and
accumulate photosynthetic assimilates has
been recognised as an important parameter
determining grain yield in many crops.
Percival (1921) suggested that the difference
in grain yield was attributable to either (i) a
longer period for starch deposition in some

grains; (i) hormonal interaction amongst
grains or (iii) competition for assimilates
among grains. Kiesselback (1948) added

another component to this list i.e. higher
translocation rate. In addition to these
parameters, a number of reports have also
favoured other miscellaneous factors such as
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photosynthesis (Birecka and WIlodkoswaska,
1966), leaf area duration (Wellback et al,
1966), or leaf area (Watson, 1952), which
singly or jointly imparted a higher yielding
ability to a cultivar. Research conducted in
the last three decades (Asana and William,
1965; Asana et al., 1969; Bingham, 1969 and
Rawson and Ruwali, 1972) has shown that
the primary determinant of yield in wheat is
sink efficiency (build up by grain size and
number). Subsequent work done on these lines
(Dua and Bhardwaj 1979a, 1979b; Dua, 1980)
has shown that differences in varietal yield
were traceable to differences in the
endogenous growth substances viz., auxins,
gibberellins and cytokinins. A correlation

between grain size and auxins and cytokinins
on the one hand, and gibberellin and grain
number on the other, has been established. A
further probe into the physiology of these
more active and efficient sinks (heavier and
faster growing grains) revealed the existence
of a different metabolic profile in operation in
them and ultimately these metabolic events
have been linked with the relative
distribution of hormones in these grains (Dua
et al, 1983). In another study carried out
under in vitro conditions (Dua and Kalsi,
1989), it was unequivocally shown that the
smaller grains remained small even under
optimum conditions of nutrient supply, thus
ruling out the possibility of a nutritional
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barrier in these grains. Based on these and
other reports, the heavier and smaller grains
were considered as independent biological
entities. Before the implications of the present
results on Fagopyrum are discussed and
conclusions drawn, it is worth recapitulating
the salient features of the results given in
the preceding section. The results show that
the minor cereal Fagopyrum esculentum is
also characterised by a variable size of grain
and differential yield. It was clear from an
examination of endogenous levels of hormones,
that the smaller grain possessed relatively
low levels of auxin and cytokinin and any
exogenous application of the same
significantly augments their dry matter
precipitation ability. In addition to this, the
application of auxin or cytokinin also
enhanced the yield ability of the bolder grains
but this augmentation, though significant,
was less than that available in the smaller
grains. From the foregoing, it appears that a
threshold level of auxin and cytokinin in
grains is required to sustain an optimum dry
matter accumulation capacity and these levels
seemed to be sub-optimal in the smaller as
compared to the bolder grains. Gibberellin on
the other hand, had a significant role in
deciding grain number and this showed
marked improvement when gibberellin was
applied exogenously. .  The individual
observations of Adachi et al. (1983) and
Morton (1966) that poor grain number in
Fagopyrum was not due to the lack of
pollination and that of Kusiorska and
Koszykowska (1981), who concluded that
failure in seed setting in Fagopyrum was due
to some unseen events following pollination,
are relevant in the present context. It seems
probable that at the commencement of grain
setting, a  hyper-endogenous level of
gibberellin might be responsible for giving the
initial momentum to grain setting whereas
subsequent development is regulated by
auxin/cytokinin  combinations. Data  on
exogenous application of gibberellin enhancing
the grain number significantly seems to
substantiate this conjecture. Reports showing
exogenous application of growth regulating
substances to enhance the grain yield of

different crops have emanated from a few
laboratories (Dua et al, 1982; Dua and
Bhardwaj, 1972a, 1979b; Dua, 1980 and Sweet
and Wareing, 1966). However, the present
study involving the assessment of sink
efficiency in relation to its components (grain
number x grain size) correlative to its
endogenous hormones and their adjustment
exogenously is probably the first of its kind
in Fagopyrum. The enhanced endogenous

levels of auxin and cytokinin available
internally to bolder grains or through
exogenous means to smaller grains may

enhance the transportation rate (Mullins,
1970) and storage capacity of the developing
grain as advocated by Humpries (1963), Sweet
and Wareing (1966) and Dua et al. (1989),
thus paving the way for the transformation
of a poorly developing sink to a relatively
better sink.

To conclude, it is proposed that. the
differential yield ability amongst different
grains of Fagopyrum seems to bhe related to
the levels of auxins vis-a-vis cytokinins, while
grain number appeared to be determined by
the extent of production or availability of
gibberellins.
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Abstract

The amino acid composition was determined in two buckwheat cultivars, ’siva’ and ’darja’.
Amino acids were separated as o-phthalaldehyde derivatives by high performance liquid

chromatography (HPLC).

Kvantitativna dolo¢itev amino kislin ajde s tekoCinsko kromatografijo visoke lo€ljivosti

Doloéili smo aminokislinsko sestavo dveh sort ajde ’siva’ in ’darja’. Med obema sortama ni bilo
bistvenih razlik v aminokislinski sestavi. Analizni postopek je temeljil na logitvi o-ftalaldehidnih
derivatov amino kislin s HPLC na reverzno fazni koloni. Detekcija derivatov je bila fluorescenéna.
Metoda je primerna za doloanje primarnih amino kislin.

Introduction

Buckwheat is used as a cereal in the
human diet. It has exceptional protein quality
among plants, the high biological value - over
90% - being due to the favorable amino acid
composition of buckwheat proteins (Javornik
et al, 1981; Eggum et al., 1984). The amino
acid content of buckwheat has been
determined as a whole and by solubility
protein fractions (Pomeranz and Robbins, 1972;
Javornik and Kreft, 1984). Lyman et al.
(1956) used a microbiological assay method for
determination of amino acids in buckwheat.
Tkackuk and Irvine (1969) used classical
ion-exchange chromatography, which is a long
procedure. Pomeranz and Robbins (1972)
performed an assay with an automatic amino
acid analyser. HPLC is a very appropriate and
useful method for determination of amino
acids. The separation of free amino acids is
performed on an NHy  column (Schuster,
1980), or on reverse phase columns

(Iskandarani et al., 1984; Walker et al., 1987).
The separation of derivative amino acids is
mostly used in HPLC. The derivatives are
then separated on reverse phase columns.
Precolumn derivatisation of amino acids with
o-phthalaldehyde/2-mercaptoethanol is a rapid
and sensitive method of amino acid analysis
(Sista, 1986). The reaction conditions are
relatively mild, but no derivative is formed
with  secondary amines (proline). The
derivative of amino acid cystin and/or cystein
has a very low molar extinction.

Material and methods
Material:

Two buckwheat cultivars, ’siva’ and ’darja’,
were used for the analysis. The cultivar ’siva’
was grown in Klefe (1988) and ’darja’ was
grown in Zabnica (1988).
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Methods:

The HPLC method was used for analysis.
It is based on the separation of
o-phthalaldehyde derivatives of amino acids on
a reverse phase column.

Standard solutions:

The amino acids (Serva) were dissolved to
give 1.0mM in 0.1M HCI. Mixtures were
prepared from these solutions.

Hydrolysis:

The samples were defatted with hexane
and hydrolysed with 6M HCI for 48 hours at
110°C (Bidlingmeyer, 1987). Acid hydrolysates
were neutralised with 5M NaOH.

Derivatisation procedure (Sista, 1986):

Neutralised aliquots were exposed to the
derivatisation conditions. Samples (20 pl) were
mixed with 10 Ul of the o-
phthalaldehyde/2-mercaptoethanol reagent.
After 1 min of reaction at room temperature,
200 pl of solvent A was added and the
mixture was injected into the HPLC system.
All amino acids except proline, which is a
secondary amine, react under these conditions.
Cystine has a very low molar extinction.

Chromatographic conditions:

The pumping system consisted of two
LDC/Milton Roy Constametric III HPLC
pumps with an MP 3000 System for gradient
control. The Rheodyne injector had a 20 pl
sample loop. The column, (250x4.6) mm, was
packed with Spherisorb S 5 ODS2. Column
effluents were monitored with a Shimadzu
RF-530 fluorescence detector. The excitation
wavelength was set to 330 nm. The emission
was measured at 425 nm.

Mobile phases:

Buffers were prepared from p.a. grade salts

and double distilled water. The pH of the
buffer (0.05 M sodium citrate, 0.005 M
disodium hydrogen phosphate) was adjusted to
6.5 + 0.03. To 96% of this buffer, were added
2% tetrahydrofurane and 2% acetonitrile.
Buffer B consisted of 63% methanol
(LiChrosolv, Merck), 2% acetonitrile
(LiChrosolv, Merck), and water = (double
distilled). All mobile phases were degassed
daily with a vacuum pump. The gradient used
was plotted on the chromatogram.

Results and discussion

Fig. 2 shows the chromatogram obtained
for the mixture of standard amino acids. The
separation of the critical pairs Thr and Arg,
Tyr and Ala was achieved with the addition
of acetonitrile to solvent B (Peéavar, 1989).
Table 1 shows that the content of nitrogen,
ash and moisture was similar in both samples.

Table 1: Characterisation of sample.

darja’ siva’
moisture 9.11% 10.53%
ash 2.67% 2.9%
nitrogen 1.81% 1.78%

Chromatograms obtained for the samples of
siva’ and ’darja’ are shown in Fig. 3a and b.
There were no significant differences in the
amino acid composition of the two cultivars
(Table 2).

Table 2 and Figure 1 show that the amino
acid composition of the two samples is very
similar. The amino acids Cys and Pro cannot
be determined in a single run (Cooper et al.,
1984). ’

Conclusions:

This method is very suitable for the rapid
analysis of essential amino acids.

The separation of the critical pairs can be
improved by the addition of acetonitrile to
solvent B.
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Figure 1: Amino acids in buckwheat ’siva’ and ’darja’
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Figure 2: Chromatogram of standard mixture of amino acids. The separation of OPA/MCE
derivatives of amino acids was performed on a Spherisorb S 5 ODS2, (250x4.6) mm column.
Solvent A: 0.056 M sodium citrate, 0.006 M disodium hydrogen phosphate, pH 6.5, 2% of
tetrahydrofuran, 2% of acetonitrile. Solvent B: methanol, acetonitrile, water (63:2:35). 1-Asp, 2-
Glu, 3-Asn, 4-Ser, 5-His, 6-Gln, 7-Gly, 8-Thr, 9-Arg, 10-Ala, 11-Tyr, 12-Trp, 13-Met, 14-Val, 15-Phe,
16-Ile, 17-Leu, 18-Lys.
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Figure 3a and 3b: Chromatogram of the hydrolysate of buckwheat a) ’darja’ and b)siva’.
Separation of OPA/MCE derivatives of amino acids was performed on a Spherisorb S 5 ODS2,
(250x4.6) mm column. Solvent A: 0.05 M sodium citrate, 0.006 M disodium hydrogen phosphate,
pH 6.5, 2% of tetrahydrofuran, 2% of acetonitrile. Solvent B: methanol, acetonitrile, water
(63:2:35). 1-Asp, 2-Glu, 4-Ser, 5-His, 7-Gly, 8-Thr, 9-Arg, 10-Ala, 11-Tyr, 13-Met, 14-Val, 15-Phe,

16-Ile, 17-Leu, 18-Lys.
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Table 2: Amino acid composition of buckwheat
samples (gAA/100g proteins).

Amino acid ‘darja’ 'siva’
Aspartic acid 8.7x0.4 8.6 0.4
Glutamic acid 19.6 £ 1.1 19.1 £ 1.1
Serine 3.6 0.2 3.7+0.2
Histidine 2.4+0.2 2.7%0.2
Glycine 5.8%0.2 5.9%0.2
Threonine 2.6 0.2 32202
Arginine 8.3+0.3 8.5+0.3
Alanine 4.5%0.3 4.7+0.3
Tyrosine 2,2%0.2 2.3%0.2
Methionine 1.3+0.1 1.2 0.1
Valine 5.9*0.4 5.5+0.4
Phenylalanine 39+0.3 4.0 0.3
Isoleucine 4.1+0.3 4.2%0.3
Leucine 6.9%0.5 7.0%0.4
Lysine 4.9 0.5 5.1%0.6
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Ajda v Nepalu

V preglednem ¢lanku avtor poroéa o nadinu pridelovanja ajde in o njeni uporabi v Nepalu.
Prikazani so na¢ini vrstenja polji¢in in kako je v vrstenje vkljutena ajda. Preizkusili so razli¢ne
vzorce ajde, rezultati poskusnega pridelovanja so prikazani v razpredelnicah.

Introduction

Buckwheat (Fagopyrum spp.) is one of the
staple food crops of the mountain people of
Nepal, where it is the sixth most important
crop after maize, rice, wheat, finger millet and
barley, and the main crop in certain high
mountain pockets where the Sherpa (people of
Tibetan origin) live. To date, buckwheat has
been an under-exploited, poor people’s or
neglected crop in Nepal. This pseudo-cereal
(called KUANNA = Ku = bad and ANNA =
cereal in Nepali) generally receives low inputs,
little care and a low priority from the
farmers themselves. However, it 1is an
important crop since it is grown in moisture,
nutrients and temperature stress conditions, in
very remote and food deficient mountain areas
of the country. It has a very short growth
period, wide adaptability and is thus grown as
a catch crop in different agro-climatic areas
and soil types in Nepal.

Cultivation

Buckwheat is mostly cultivated in
marginal upland areas with sloping infertile

> Paper presented at the 4th International
Symposium on Buckwheat, Orel, USSR, July
10-15, 1989.

land on which other crops cannot be grown.
However, in high mountain areas, farmers
grow this crop on the better land and apply
adequate compost. -

Buckwheat planting starts in May at
elevations above 2800 m and continues up to
September at lower altitudes. In the southern
plain area, this crop is planted from
Mid-November to Mid-December. Depending on
altitude, buckwheat takes from two to four
months to mature in Nepal. In certain
mountain areas, buckwheat is planted in
December as a second crop and is harvested in
March. Though it is generally considered an
autumn crop, strictly speaking buckwheat is a
summer crop in high mountain, an autumn
crop in middle mountain and a winter crop in
low mountain and plains areas.

In certain pockets pasture or bush forest is
cleared, all plant materials gathered into piles
and burned in close contact with the soil.
Buckwheat is then planted by broadcasting
after potato. Planting, interculture, harvesting
etc. operations are carried out manually by
the most primitive methods. It is cultivated
without the application of fertilizers or plant
protection measures.

Utilization

Nepalese farmers dehusk the tartary
buckwheat with the aid of a locally made
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wooden machine (dhiki). They believe that this
process reduces its bitterness. The buckwheat
grains are ground either by water mill or
hand mill, and the flour is screened two to
three times to remove the hull.

Sweet buckwheat is mainly used to prepare
different types of breads; and tartary
buckwheat is used for the preparation of
porridge and breads. To improve the taste of
tartary buckwheat, it is mixed with the flour
of sweet buckwheat, barley, wheat or finger
millet. In certain pockets of Nepal, tartary
buckwheat is used to prepare a local drink.

The tender leaves of wild and common
buckwheat are used as a green vegetable and
the straw is used as animal feed and bedding
material. Most of the buckwheat production is
consumed within the country, though it was
recently reported that about 296 metric tons
of buckwheat was exported at high value in
1986,/1987.

Species found in Nepal

Two cultivated species Fagopyrum
esculentum Moench (sweet or common) and
Fagopyrum  tataricum Gaertn. (bitter or
tartary) and one wild species Fagopyrum
cymosum Meissn. are found in Nepal. Bitter
buckwheat is grown exclusively in high
mountain regions above 1500 m. The sweet
type is very common, and is extensively
cultivated in middle and low mountain and to
some extent in high mountain and plains
areas. The wild type is perennial and occurs in
the altitudinal range of 1500m to 3000m
mainly beside rivers and trekking routes as a
"companion" crop of tartary buckwheat. Dr.
Ujihara has reported that most Nepalese
common buckwheat varieties are of the
autumn type, indeterminant growth and
sensitive to day-length. Bitter buckwheat is
more cold tolerant, higher yielding and fills
the grains better than the sweet types.

Buckwheat germplasms of Nepal have
widely varied genetic traits in terms of both
quality and quantity. Some experimental data
are presented in Table 1. Sweet and tartary
types differ in maturity, plant height, test
weight, seed setting, number of branches and
clusters and grain yield (Table 1).

Some statistics

The area and production of buckwheat
have not been recorded regularly in Nepal. A
National Sample Survey estimated about
17000 hectares in 1971/1972 and 11000
hectares in 1981/ 1982, which indicates a
decreasing trend in area. However, in 1985,
the Land Resource Mapping Project estimated
23100 metric tons production of buckwheat
from 43000 hectares, with an average yield of
540 kg/ha. Buckwheat cultivation is mainly
concentrated in mountain areas, but recently
its cultivation has been increasing in the
plains area (Tarai). Buckwheat growing areas
are shown in Figure 1.

Mountain cropping patterns and buckwheat

Cropping  patterns in the Nepalese
mountains are very complex, mainly due to
the huge altitudinal ranges, different
agro-climatic conditions and land types. Being
a short duration crop with high adaptation,
buckwheat fits uniquely into various cropping
patterns. Some of the mountain cropping
patterns with buckwheat as one of the
components are given below:

A) High mountain: 2000 m to 4000 m, cool
temperate climate

1. Rainfed upland
Patterns Duration

maize - potato - tartary buckwheat 2 years
barley or wheat - potato -

tartary buckwheat 2 years
tartary buckwheat - fallow 1 year
potato - tartary buckwheat 2 years
barley or wheat - buckwheat 1 year
2. Irrigated lowland
naked barley - buckwheat 1 year
potato - buckwheat 1 year
barley or wheat - buckwheat 1 year

B) Middle mountain: 1000 m to 2000 m, warm
temperate to subtropical climate
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1. Rainfed upland

maize/finger millet - buckwheat 1 year
maize - buckwheat 1 year
maize - buckwheat - wheat or barleyl year

2. Irrigated lowland

rice - buckwheat
rice - buckwheat - buckwheat

1 year
1 year

C) Low mountain and plain: 300 m to 1000 m,
subtropical to tropical climate

1. Rainfed upland

maize - buckwheat 1 year
maize - buckwheat - buckwheat 1 year
2. Irrigated lowland

rice - buckwheat 1 year

Buckwheat is grown in association with many
other crops too.

Research work on buckwheat

Being a secondary or minor crop,
buckwheat research has not until recently
been systematically carried out. Some research
was initiated in the early seventies by
evaluating cultivars from Canada and Japan
as well as local germplasm. The IR-13 variety
(Japan) has been identified. Buckwheat
research has received national attention
recently, and research has been supported by
international organizations and/or agencies
since 1986. Since 1987, buckwheat has been
one of the mandate crops of the "National Hill
Crops Improvement Program (NHCIP)", which
is a fully-fledged National Commodity
Program (Figures 3 and 4). Research is being
coordinated from its headquarters at Kabre,
with testing sites in different agro-ecological
zones of Nepal (Table 3 and Figure 2).

The main thrust of buckwheat research is
on varietal improvement to discover superior
high yielding genotypes. NHCIP has been

carrying out the following steps in its

varietal improvement program:

- Collection and introduction of local and
exotic germplasms.

- Evaluating  these  lines through an
observation nursery, preliminary yield
trials, and advanced varietal trials in

multi-location tests.
- Conducting farm trials (FFT, PPVT) and

demonstrations under field conditions.
- Variety release and seed conditions.

Germplasms from Canada, Japan, USSR,

Poland, India, Yugoslavia, South Africa, China,
Czechoslovakia, USA, Sweden and local sources
were evaluated in Khumaltar, Kabre and
Jumla. Based on selection criteria of better
seed setting, more branching and clusters, bold
and plump seeds, early to medium maturity
and plant height, 23 lines at Kabre, 29 lines
at Khumaltar and 11 lines at Jumla were
selected. In addition to early maturity, a high
percentage of seed setting and seed plumpness
were observed in buckwheat lines from
abroad. Most of the exotic materials showed
lower plant height, better seed setting and
earlier maturing than local germplasms, but
the grain yield of local materials is generally
higher than the exotic sources. Results are
given in Table 2.

Recurrent and mass selection programs
have already been started in Kabre.

Testing sites

The operational sites (Centre, sub-centre
and testing sites), located mostly in
mountainous zones (Table 3 and Figure 2), are
intended to generate adaptable technologies
which can then be disseminated within those
regions to achieve as comprehensive a national
coverage as possible. At present, simple trials
are being conducted there. Kabre Agricultural
Farm is the headquarters for coordination.

Organization

NHCIP is responsible to the Ministry of
Agriculture through the National Agricultural
Research and Services Centre (NARSC). The
organization chart, a modified version of that
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proposed by Mr. A.M. Pradhanang, is shown
in Figure 3. The stations or farms which have
been identified for hill crops research are
shown.

NHCIP functions independently but works
in close collaboration with the eight
disciplinary  divisions  headquartered  at
Khumaltar and another twelve centres located
in different parts of the country (Figure 3).
The functional organization chart of NHCIP is
given in Figure 4.

Technical constraints

Constraints to buckwheat research and
production in Nepal include the following:

1. Most of the germplasms display poor seed

Figure 1: Distribution map for buckwheat production

setting and cold susceptibility.

. Nepalese farmers are ignorant about the

nutritive  value and importance of
buckwheat.

. Since sweet buckwheat is a highly

outcrossed species, it is very difficult to
produce pure seed of many lines.

. Most local cultivars are low grain yielding.
. There is a lack of marketing facilities.
. There are very few improved technologies

and a shortage of the necessary inputs for
buckwheat production.

. Lodging, pests and diseases also limit

buckwheat production in Nepal.

. Tartary buckwheat is an important crop in

Nepal, but research findings on this type
are almost negligible.
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Figure 2: NHCIP research centres and testing sites
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Figure 3: Present crop research organisation chart (Pradhanang, 1984, with some modifications)
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Figure 4: Hill crops program institutional framework and functions (Sherchan et al. 1986)
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Table 1. Means of agronomical traits of sweet and tartary buckwheat (average of two locations,
1988/1989)

Flowering Maturity Plant 1000 Seed No. of No. of  Mean grain  Rank
Cultivar height grain set  branch/plant cluster yield for

(Days) (Days) (cm) wt.(g) (0-9) /plant (kg/ha) yield
Sweet type
22 Humla-S 25 70 104 30 3.0 3.5 10 1039 9
27 Humla-S 25 72 101 36 2.0 3.4 14 917 10
88 Humla-S 26 69 98 19 3.0 3:3 15 1079 8
126 Mustang-S 27 70 100 21 2.0 4.3 18 774 12
209 Mustang-S 25 66 93 31 3.0 349 17 1171 6
224 Tokyo-S 25 64 105 25 3.0 3.2 15 1475 5
246 1R-13-S 29 70 108 32 2.0 3.7 21 674 15
Local -S 25 66 89 27 2.0 3.5 10 1503 4
Mean 26 68 100 28 2.3 3.6 15 1070 -
Tartary type
13 Mustang-T 35 77 91 20 6.0 3.0 21 818 11
26 Humla-T 36 78 83 22 5.0 2.7 16 645 17
38 Humla-T 38 75 84 26 3.0 1.5 17 566 18
46 Mugu-T 36 71 81 25 4.0 2.3 17 431 20
58 Mugu-T 36 72 88 19 4.0 3.4 15 561 19
62 Humla-T 38 73 90 19 5.0 2.6 19 428 21
68 Humla-T 38 71 75 20 5.0 1.9 15 649 16
113 Mustang-T 31 63 44 17 5.0 3.0 71 740 19
143 Jumla-T 36 74 90 20 3.0 2.7 16 680 14
177 Tanahu-T 38 94 80 31 8.0 1.1 8 1137 7
210 Khumal-T 34 84 88 22 6.0 2.5 16 1775 2
236 Mustang-T 34 83 102 13 8.0 1.3 13 1824 1
Local-T 24 65 88 11 5.0 4.3 16 1630 3
Mean 35 75 83 20 2.5 20 914 -

Adopted from Initial Evaluation Trial, 1988/1989.
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Table 2: Agronomical traits of some buckwheat germplasms

Country Flowering Maturity Plant height 1000 grain  No. of No. of Grain yield Rank for

Cultivar of origin  (Days) (Days) (cm) wt.(g) branch/plant cluster/plant (kg/ha) yield
To-Matusoba Japan 26 59 63 34 2.0 3 600 8
Kabre-S Nepal 28 74 93 25 4.0 17 700 7
Shinshu-0-Soba Japan 27 68 65 55 2.0 8 600 8
Shinano-Ichigo Japan 27 61 71 33 3.0 5 1000 3
Siva Yugoslavia 28 67 63 23 4.0 8 300 15
Humla-T Nepal 38 84 77 17 6.0 25 1175 2
Dar ja Yugoslavia 27 60 60 23 3.0 8 425 12
Shinano-Soba Japan 26 59 65 28 2.0 5 775 5
Kabre-T Nepal 28 84 75 15 5.0 28 1450 1
Mancan Canada 36 60 63 29 3.0 5 388 13

GF 5239 Poland 26 61 65 20 3.0 8 725 6
Scorospelaya USSR 25 61 65 20 3.0 11 600 8
Emka Poland 28 81 65 36 3.0 9 350 14
IR-13 (Ckeck) Japan 27 62 70 22 4.0 12 950 4
Humla-S Nepal 28 75 83 26 4.0 19 550 11
HMean 28 68 69 27 3.4 12 706

T - Tartary or Tite

S - Sweet or Mithe F test i
(4 37
LSD (kg/ha) 580

Adapted from Preliminary Yield Trial, 1988/1989.
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Table 3: Hill crops research stations in Nepal

Temperature °C)
summer wvinter

Site Region Elevation Average = = seseeeemeemeeeemeceeececcmeceeeo--

(m) rainfall (mm) max. min. max. min
1. Pakhribas Eastern 1760 250 23.9 16.9 15.1 5.2
2. Kabre Central 1740 1900 26.0 12.0 18.0 4.0
3. Khumal tar Central 1360 1300 26.4 18.8 17:1 1.3
4. Kakani Central 2030 2400 22.9 14.3 14.4 2.3
5. Lumle Western 1670 5100 23.1 16.6 12.9 5.1
6. Marpha Western 2610 450 20.7 124 10.9  -1.7
7. Dolpa Mid-Western 2500 - - - - -
8. Jumla Mid-¥estern 2387 970 23.9 13.8 14.0 -4.7
Other possible sites for buckwheat research:
1. Tarahara Eastern 200 1700 32.8 23.2 27.4  12.5
2. Rampun Central 228 2020 3.1 23.9 22.8 7.6
3. Khairenitar Yestern 525 2301 32.1 21.4 25.5 12.0
4. Surkhet Mid-Yestern 450 1500 30.1 22.3 19.3 5.4
5. Doti Far-VYestern 620 1300 28.9 21.5 16.0 8.6

Source: Hill Crops Improvement Program in Nepal. Consultancy

Report, 1986 and other sources.
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Abstract

The nature of conjugation and chromosome behavior at the post-conjugation stages of meiosis
in high and low fertility plants of 3 populations (A, B and C) of autotetraploid buckwheat were
studied. At the start of the investigation, Population A plants had passed through a 17-stage
selection for increased fertility. Population B plants were C,-C» generation, derived from the
diploid buckwheat variety ’Bolshevik’, having passed through a 12-stage selection for fertility.
The fertility of Population A and B plants was 81-87% of the fertility of the diploid variety.
Population C was created on the basis of low fertility plants from Populations A and B, and
their fertility was about 20% of that of the diploids.

It was demonstrated that in plants of Populations A and B, 95-97% of chromosomes and in
plants of Population C, 90% of chromosomes formed bivalents. In population C, there was a
greater number of quadrivalents and, particularly, univalents per one pollen mother cell in
comparison to Populations A and B. A significant effect of quadrivalents and univalents on
autotetraploid fertility was demonstrated.

The highest percentage of changed PCMs was in Population C plants and the lowest in
Population B plants. Population A plants were intermediate.

On the basis of meiotic data, significant positive correlations were shown between the number
of quadrivalents and univalents, and the principal types of disturbances at the post-conjugation
stages of meiosis. It was concluded that the presence of unbalanced gametes in buckwheat
autotetraploids is due to the nature of the chromosome conjugation. So selection is necessary,
mainly for bivalent conjugation of chromosomes. Taking the example of Population B, we showed
the important role of the initial diploid material involved in polyploidization.

Problemi fertilnosti avtotetraploidne ajde. 1. del: Mejoza in fertilnost eksperimentalnih
avtotetraploidov ajde.

Raziskovano je bilo obnaSanje kromosomov v mejozi pri rastlinah z visoko oziroma nizko
fertilnostjo treh avtotetraploidne ajde. Populacija A je bila 17 generacij izbirana za visoko
fertilnost rastlin. Populacija B so rastline C,-C. generacije, dobljene iz diploidnega kultivarja
‘Boljsevik’, ki so bile 17 generacij izbirane za fertilnost. Populacija C je zasnovana z nizko
fertilhimi rastlinami populacij A in B, njihova fertilnost je bila samo okoli 20% fertilnosti
diploidov. Proucevani so bili na¢ini zdruZevanja kromosomov v mejozi, razne -citogenetske
anomalije ter povezava s fertilnostjo rastlin. Rezultati, dobljeni s populacijo B nakazujejo, da je za
uspeh dela s poliploidi zelo pomembna ustrezna izbira izhodi§énega diploidnega materiala.
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Introduction

Experimental autotetraploids of Fagopyrum
esculentum Moench were obtained in 1941 by
V.V. Sakharov, S.L. Frolova and V.V.
Mansurova from 9 varieties of diploid
buckwheat in the USSR. However, the most
promising for polyploidization was a diploid
buckwheat variety - 'Bolshevik’ (48-51). This
form of buckwheat, as a variety of the
autotetraploid 'Bolshevik-4’, was later released
for production.

In contrast to the initial diploid form,
autotetraploids have greater plant vigor,
larger and heavier kernels, less shattering and
better resistance to lodging. The new form of
buckwheat appeared to be more resistant to
the effect of different abiotic and biotic
factors, as well as to low temperatures, to the
effects of ionizing radiation and some chemical
mutagenes, and resistant to certain diseases.
Autotetraploids have a greater content of
some biologically important matter as
compared to diploids, such as: nectar, rutin,
etc. (9, 15, 49, 52).

However, the employment of these
valuable characters of autotetraploid
buckwheat in breeding practice is difficult
due to its reduced fertility as compared with
the initial diploid form, that is typical of most
other autotetraploids, which are used for the
sake of seed productivity. Firstly, most plants
of autotetraploid buckwheat were superior to
the diploid form considerably, the others were
equal, and some of them were inferior to the
initial form (48-49).

The problems of seed productivity in
experimental  autotetraploids have been
discussed for a long time. Nevertheless, the
problem of its renewal has not been solved as
yet, mnor have those mechanisms, which
condition its reduction been cleared up (6, 8,
16, 22, 27-28, 38, 45, 53, 63-64, 67).

Problems of seed  productivity in
autopolyploids have been considered from
cytogenetic (11-14, 18-19, 24, 30, 34, 38-39, 43,
56-57), embryologic (41-42, 66),
morpho-physiological (7, 28, 55) and genetical
(3, 17, 25-26, 37, 39-40, 43, 56, 60) points of
view.

Plant fertility depends on the regular
conjugation of homologous chromosomes in the
early prophase of the first meiotic division and
on the regular distribution of chromosomes at
subsequent  stages during macro- and
microsporogenesis.  Disturbances in these
processes cause the formation of aneuploid
egg-cells and pollen grains.

Autotetraploids differ from their
cerresponding  diploids in that they have 4
identical haploid sets of chromosomes, which
joint at their polarized ends and conjugate at
full length at the beginning of Prophase I.
The conjugation allows the approach of the
homologous chromomere to the corresponding
chromomere of the other. This explains why a
corresponding number of quadrivalents should
be formed in autotetraploids after chromosome
conjugation. However, in most experimental
autotetraploids, only some chromosomes form
quadrivalents, while other chromosomes form
respectively  bivalents or trivalents and
univalents, or they remain fully unassociated
(18, 20, 32-33, 35).

The partial conjugation of homologous
chromosomes observed in autotetraploids can
theoretically lead to the following types of
associations: quadrivalent, trivalent +
univalent, 2 bivalents, bivalent + 2 univalents,
and 4 univalents. The formation of
multivalents may also be observed. On the
basis of partial chromosome conjugation,
Darlington suggests that the associations of
homologues depend on the expression of
synapsis and on chiasma frequency and
position 11). This hypothesis was
experimentally confirmed in further studies
(21, 36, 47).

Chiasma formation depends on chromosome
length and the duration of conjugation (10, 29,
54). The quadrivalent form is determined by
the chiasma number and their localization as
well as the degree of their terminalization
(12-13). The co-orientation of centromeres (12,
58-59) affects the position of a quadrivalent in
the equatorial plane of the spindle and the
regularity of its divergence. In the process of
a quadrivalent arising in the form of a ring,
its position on the spindle will be such that
pairs of centromeres face each pole (parallel
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co-orientation). In this case, a regular
divergence of chromosomes to poles (5, 65) can
be observed. When a quadrivalent arises in
the form of a chain (linear co-orientation),
chromosomes will diverge random to the poles.
Parallel and convergent co-orientations as a
rule promote regular  divergence  of
chromosomes. The process of chromosome
divergence is broken in the presence of
convergent co-orientation.

‘Trivalent formation from autotetraploids is
correlated with a disturbance of conjugation
and, as a rule, the mean trivalent number per
cell is not large (19, 32). Trivalent behavior at
the post-conjugation stage of meiosis depends
on the position of the centromeres of the 3
chromosomes relative to each other and to the
spindle. ~ With  linear and indifferent
co-orientations, the two terminal chromosomes
will go to the opposite poles and the middle
one will usually remain on the equatorial
plate. With convergent co-orientation, two
chromosomes will move to one pole and the
third to the other.

Univalents are randomly distributed to the
poles at Anaphase I; at the division of a
centromere in the first meiotic division,
chromatids may go to the poles as daughter
chromosomes and at the second division, be
distributed to the poles; if the division of a
centromere has not taken place during the
first division, it does so during the second and
chromatids can diverge to different poles,
forming micronuclei; at the 1st and 2nd
meiotic divisions, a breakage of a univalent
through a centromere can be observed, which
will result in the formation of two telocentric
chromosomes, capable of lysing.

Univalents may occur in autotetraploids
because of trivalents, as well as through the
action of recessive genes for asynapsis or
desynapsis. In the first case, the mean tri-
valent number per cell must correspond to the
mean univalent number (34). In the second,
the genes for asynapsis prevent chromosome
conjugation, but due to the disbalanced
process of chiasma terminalization (early
chiasma sliding off a bivalent) disintegration
of a bivalent into two wunivalents by
diakinesis occurs (2, 4, 27, 30, 44).

Thus, along with cytogenetic, embryologic
and morphophysiologic reasons, reduction of
autotetraploid fertility may be due to genetic
factors at molecular, cellular, organism and
population levels.

Low fertility of experimental
autotetraploids limits their practical use,
which is why it is important to discover the
causes of this phenomenon and to work out
effective methods for increasing the fertility
of new plant forms.

The purpose of this investigation was to
discover the degree to which the decrease of
fertility in autotetraploid buckwheat is
connected with disturbances of meiosis, and to
propose techniques for selection of high
fertility plants.

Specifically, the aim was to discover: 1. The
character of chromosome conjugation; 2.
Chromosome behavior at the post- conjugation
stages of meiosis in autotetraploid plants of
buckwheat with different fertility; 3. The
relationship of fertility to the appearance of
multivalents and unbalanced gametes.

Material and methods

The material for this investigation
comprised 3 populations of autotetraploid
buckwheat. Population A was created on the
basis of 40 elite plants of the autotetraploid
buckwheat Bolshevik 4, which had passed
through a 17-stage selection for increased
fertility. The mean number of seeds per plant
in this population was 137:9, which is 80.6%
of the same index in the diploid variety
Bolshevik. Population B was created on the
basis of newly obtained autotetraploids of the
same diploid variety Bolshevik, after the
diploid had passed through a 12-stage selection
for increased fertility. Generations C,-C, were
studied. The mean number of seeds per plant
was 147:6, which is 86.5% of the fertility of
diploids. Populations A and B are represented
here as high fertile. Population C (low
fertility) was formed on the basis of 66 low
fertility plants, selected from autotetraploids
and having 56:6 seeds per plant on the
average at the initial stage of selection for
low fertility. We also included in this
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population progeny from 38 low fertility
plants from recently obtained autotetraploids.
As a whole, the mean number of seeds per
plant in Population C was 29:3, which is
17.0% of diploid fertility, and 21.2 and 19.7%
respectively, in relation to Populations A and
B.

The fixation of buckwheat buds was
conducted in the morning. The standard
technique of temporal preparation was
modified (61).

Results

The nature of chromosome conjugation was
studied at diakinesis and Metaphase 1. Table 1
presents data on the investigation of the
nature of chromosome conjugation in plants of
3 populations of autotetraploid buckwheat.
These data indicate that in Population A
plants, which have been subjected to
considerable breeding improvement,
chromosomes form mainly bivalents (95.3%),
with the formation of some quadrivalents
(3.6%) and univalents (1.0%).

In Population B plants, in the first
generations after colchicine treatment (C,-Cs)
we observed in general a bivalent type of
chromosome conjugation (96.9%), with the
formation of some quadrivalents (2.3%) and
univalents (0.7%).

In the case of low fertility plants of
Population C, we obtained the following data:
90.0% chromosomes formed bivalents, 3.4% -
quadrivalents and 6.3% - univalents. There
were many univalents in the five plants and
the mean of the univalent configurations per
PMC was 40.3, 232, 18.2, 156 and 15.0
respectively. There was observed, therefore, a
reduction of chromosome conjugation with
bivalents in low fertility plants of Population
C at the cost of an increase of quadrivalents
and, particularly, univalents, as compared with
Populations A and B.

Table 2 shows multivalents (configurations
including more than 4 chromosomes) and
trivalents in PMCs in all 3 populations. The
data indicate that Population B plants have
much wider variation in the mean number of
quadrivalents and bivalents than Population A

plants, having comparatively more bivalents
and fewer quadrivalents and univalents.

A much wider variation in the mean
number of quadrivalents and, especially, of
univalents, as compared to high fertility
Populations A and B, is typical of low
fertility plants of Population C. In terms of
mean number of bivalents per one PMC,
plants of Populations C and B had
approximately the same indexes of variation.
Population C plants differed significantly
statistically from plants of Populations A and
Bin the mean number of quadrivalents,
bivalents and univalents per one PMC.

To estimate the significance of the nature
of chromosome conjugation of quadrivalents in
plants of 3 populations of autotetraploid
buckwheat, the obtained data were subjected
to the X® test (Table 3). The given data show
that the nature of quadrivalent chromosome
conjugation creates selection pressure as to
fertility. It may therefore be concluded that
quadrivalents play a particular role in
reducing fertility in plants of autotetraploid
buckwheat.

Using the X* test, we analyzed the data on
univalent frequency detected in buckwheat
plants of 3 populations (Table 4). Univalents
have a significant effect in decreasing the
fertility = of  autotetraploid  plants  of
buckwheat. The X* test thus demonstrates
the significant effect of quadrivalents and
univalents in particular on the fertility of
autotetraploids of buckwheat.

The effect of quadrivalents and univalents
separately and their mutual effect in
decreasing fertility of autotetraploids of
buckwheat was evaluated by means of
2-factor analysis of variance (Table 5). Data of
the analysis of variance demonstrated that
the univalent effect on variation of fertility is
16.6% of total variation, and the quadrivalent
effect only 2.0%. The combined effect of those
two factors on variation in fertility was
22.1% of the sum of other factors affecting
the fertility of buckwheat autotetraploids.

It can be hypothesized that disturbances in
the process of chromosome conjugation,
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Table 1. Nature of chromosome conjugation in plants of 3 populations of autotetraploid
buckwheat.

Population No Investigated Chromosome associations Mean number of chromosome
of PMCs associations per PMC
plants e e
my IV III I1 [ my IV 111 II I
A n=15 472 1 136 2 7194 152 0.002 +0.288 +0.004 +15.242 +0.322
B n=2 795 - 147 5 12334 171 0.0 +0.185 +0.006 +15.514 +0.215
C n=16 345 - 94 4 4967 698 0.0 +0.273 +0.012 +14.400 +2.023

Table 2. Statistics of the mean number of different chromosome associations per PMC and their
variation in plants of 3 populations of autotetraploid buckwheat.

Populations Studied Chromosome  associations X*sX
plants  PMC quadrivalents bivalents univalents
A 15 472 0.25 £ 0.02 15.30 + 0.01 0.39 = 0.10
B 26 795 0.20 * 0.03 15.47 £ 0.33 0.23 £ 0.07
€ 16 345 0.31 £ 0.08 13.90 + 0.43 2.88 +0.89
Note:

1. X - the mean value; sX - mean error.
2. Student’s test among different chromosome associations in plants of 3 populations. Symbols
here are the following: d - difference among investigated groups; Sd - error of difference; t -
test of significance; DF - degrees of freedom; p - significance.

Chromosome Populations

associations d Sd % t DF p

quadrivalents A-B 0.05 0.63 7.9 1265 >0.999
" -C 0.06 1.76 3.4 815 >0.999
? B-C 0.11 1.82 6.0 1138 >0.999

bivalents A-B 0.17 6.24 2.7 1265 0.99< <0.999
b A-C 1.40 9.44 14.8 815 >0.999
" B-C 1.57 11.05 14.2 1138 >0.999

univalents A-B 0.16 2:25 7 1265 >0.999
2 A-C 2.49 19.15 13.0 815 >0.999
" B-C 2.65 19.13 13.8 1138 >0.999
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Table 3. Significance of effect of quadrivalent frequencies in PMC s of plants on autotetraploid
buckwheat fertility (According to data in Table 1).

Populations PMC with quadrivalents Total Significance
1 2 3-8
A 80 (72.0) 32 (31.0) 24 (32.0) 136 (136) X*=15.8
DF = 4
B 86 (78.0) 28 (33.0) 33 (35.0) 147 (147) Table values
X*: =9.5 (p = 0.95)
C 35 (50.0) 26 (21.0) 33 (22.0) 94 (94) X?2 = 13.3 (p = 0.99)
X*s = 18.5 (p = 0.999)
Total: 201 96 90 377 0.99 < p <0.999

Effcct is significant.

Note:

1. According to the zero hypothesis, the absence of fertility effect on quadrivalent frequency,
actual frequencies of cells with corresponding quadrivalent number should not differ from
theoretical (written in brackets) and the X* value should not amount to the minimal value of
significant differences - 9.5.

2. Cell frequencies with quadrivalent number more than 3 are combined and included in the same
column.

Table 4. Significance of effect of the univalent frequency in PMCs of plants of autotetraploid
buckwheat on fertility (According to data from Table 1).

Populations PMC  with univalents Total Significance
1 2 3 4 5-3
A 9 (9.0) 62 (35.0) 3 (6.0) 20 (24.0) 58 (78.0) 152 (152.0) X* = 114.7
DF =8

B 13 (10.0) 66 (39.0) 18 (7.0) 28 (27.0) 46 (87.0) 171 (171.0) Table values:
X3, = 15.5 (p = 0.95)

¢ 39 (42.0) 108 (161.0) 21 (29.0) 112 (109.0) 418 (357.0) 698 (698.0) X3 = 20.1 (p = 0.99)
s = 26.1 (p = 0.999)

Total : 61 236 42 160 522 1021 p > 0.999
Effect is significant.
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Note:

1. According to the zero hypothesis - the absence of effect, actual frequencies of cells with
corresponding number of univalents should not differ from the theoretical (written in brackets)
and the X® value should not amount to the minimal value of significant differences - 15.5.

2. Cell frequencies with univalent number more than 5 are combined and included in the same

column.

Table 5. The effect of quadrivalent and univalent types of chromosome conjugation on the
fertility of plants of autotetraploid buckwheat (data of analysis of variance)

Variation Dispersion Degree Variance Degree Fisher’s test
in of of e
data freedom effect fact F - tabular
0.95 0.99 0.99
Total Y 1283.8 259 4.95 100.0
Random Z 762.7 248 3.07 59.4
Factorial X 521.1 11 47.36 40.6 15.4 1.8 2.3 3.1
Including: ;
Factor A 25.3 2 12.65 2.0 4.1 3.0 4.7 7.2
Factor B 212.5 3 70.83 16.6 23.1 2.6 3.9 5.6
Gradiation combi-
nation of factors
A+ B 283.3 6 47.21 22.1 15.4 2.1 2.9 3.9

Note.

The sources of variation are represented as a 2-factor hierarchical dispersion complex for
qualitative (alternatively variable) characters in the following order: factor A - variation for
mean number of quadrivalents on PMCs in 3 populations of buckwheat; factor B - variation for
mean number of univalents on PMCs. Resultant trait - grain number per investigated plant.

expressed in the formation of quadrivalents,
univalents and separate multivalents, will
cause disturbances in chromosome behavior at
the post-conjugation stages of meiosis and,
therefore, lead to formation of a definite
number of unbalanced = gametes, and
subsequently zygotes. The next part of the
paper is devoted to this problem.

As has been mentioned above, the nature
of chromosome conjugation in 3 populations of
autotetraploid buckwheat was studied at the
stages of diakinesis and Metaphase I. We also
investigated the form and behavior of
different chromosome associations at the same
meiotic stages.

Most bivalents in autotetraploid buckwheat

were of the open type (Fig. 1). Quadrivalents
were usually in the form of a ring (Fig. 2-3).
However, these chromosome associations may
also be in the form of a chain or a figure of
eight (Fig. 2). Multivalents and trivalents
(Fig. 2), as has already been said, occurred
very seldom. At those stages of meiosis, there
were PMCs which had univalents in addition
to bivalents and quadrivalents (Fig. 4-5). The
presence of univalents in the meiotic cells
indicates partial or complete disturbance of
chromosome conjugation. At the stage of
diakinesis, we observed chromosome release
from the terminal chiasma and at Metaphase
I single chromosomes - univalents appeared
(Fig. 6). This phenomenon was due to
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kil -
Fig. 1. Metaphase I; 16Il. Different degrees of chiasma terminalization may he observed (x 3600).
Fig. 2. Metaphase I; 3IV+1II+8II+1I (x 3900).
Fig. 3. Metaphase I; 4IV+7II+2l. Quadrivalents: N1-o -4 chiasmata; N2--<-5 chiasmata; N3-< -3
chiasmata; N4> -3 chiasmata (x 3750).
Fig. 4. Metaphase I; 13II+61 (x 3300).
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Fig. 5. Metaphase I; 10II+12I. Asynchronous process of chiasma terminalization in bivalents (x

3100).

Fig. 6. Metaphase I; Desynapsis. Chromosomes conjugating in the pachynema are repulsing each
other and many of them are already lying side by side, not united by chiasmata, in the form of

univalents (x 2800).

desynapsis. It should be noted that the
desynaptic degree was different, the highest
degree being expressed in most of the low
fertility plants of Population C. At Metaphase
I, we frequently observed a process of
premature divergence, or vice versa, lagging
divergence (the end of Metaphase I and the
beginning of Anaphase I) of separate
chromosome associations. This phenomenon is
probably due to the neocentric activity of
some chromosome segments, or to a
disturbance in the process of chiasma
terminalization. In the late Metaphase I we
observed lagging in the process of chiasma
terminalization and, as a result, chromatin
strands were formed. In two plants of
Population C, a process of complete chromatin
degeneration occurred (Fig. 7). Those plants
were sterile. It is likely that this phenomenon

resembles in its phenotypic expression
recessive mutation conditioning lack of meiosis
in maize (46).

A general analysis of chromosome behavior at
Metaphase I in plants of 3 populations of
autotetraploid buckwheat is given in Table 6.
The lowest disturbance percentage is observed
in high fertility plants of Population B, which
significantly exceeded that index in plants of
Population A. The highest disturbance
percentage -is found in low fertility plants of
Population C. The appropriate disjunction of
homologues at Anaphase I depends on the
nature of chromosome conjugation, the
frequency and nature of chiasma distribution
in different chromosome associations, the
nature of the centromere coorientation which
these associations take on the equator of the
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spindle, the process of chiasma terminalization
in different chromosome associations and,
finally, on the effect of neocentric activity.
The variation in the nature of chromosome
behavior observed at Anaphase I in plants of
3 populations of autotetraploid buckwheat
was due to these reasons. Cells with lagging
chromosomes were found more frequently
among PMCs investigated at Anaphase 1. The
percentage of this type of disturbance in
plants of Populations A, B and C was 27.8,
12.2 and 32.7, respectively (Table 7). These
data show significant variation. One or two
chromosomes were often lagging, but there
were also PMCs with 8 lagging chromosomes,
particularly among low fertility plants of
Population C (Fig. 9-10).

Table 6. Nature of chromosome behavior at
Metaphase I in plants of 3 populations of
autotetraploid buckwheat.

Populations Investigated
plants PMC total including PMCs with
disturbances
A 35 1009 260 (25.8)
B 26 795 171 (21.5)
C 21 452 220 (48.7)

Note. 1. The first figure in the last column is
the absolute number, in brackets is the
percent. 2. Student’s test among populations.
The symbols here are: d - difference among
investigated groups; Sd - error of difference; t
- test of significance; DF - degrees of freedom;
p - significant difference.

Compared
populations d Sd% t DF p

A-B 0.04 2.0 2.0 1802 =0.95
A-C 0.23 2.8 8.1 1459 >0.999
B-C 0.27 3.2 85 1245 >0.999

There was a case of nondisjunction at
Anaphase I (Fig. 11-12). The chiasma
terminalization process was probably broken
in some chromosome associations. The lagging
of the chiasma terminalization process resulted
in chromatin strands arising during bivalent
divergence. These were then broken and the
remaining chromatin eliminated. A similar
process also promoted asynchronous
chromosome divergence towards the poles (Fig.
13-15).

The occurence of bridges with fragments,
or lagging chromosomes, indicates the possible
presence of heterozygous inversions in some
plants (Fig. 16). The highest percentage of
these disturbances was noted in plants of
Population B - 4.3%. In plants of Populations
A and C this value was 1.7 and 1.4%,
respectively, an insignificant difference (Table
7.

In cells of autotetraploid buckwheat, the
chromosomes normally split into 16 to each
pole (Fig. 8). However, there were PMCs in
which 14 chromosomes went to one pole, and
18 to the other (Fig. 17) and even 12-20
chromosomes. There was one case in which 16
chromosomes went to one pole and 17 to the
other (Fig. 15). The occurence of the extra
chromosome in this case is likely to be a
result of the premature divergence of a
univalent in the first meiotic division. The
lowest percentage of irregular divergence of
chromosomes was found in plants of
Population A - 0.6%, while in plants of
Populations B and C the percentages were 2.8
and 3.0 respectively, not significantly different
(Table 7).

In Anaphase I the highest percentage of
changed PMCs was in Population C - 37.2%,
and the lowest in Population B - 20.0%.
Population A is intermediate - 30.5% of
changed PMCs. The differences are significant
(Table 7).

At the meiotic stage, 'Telophase I + Dyad’,
the most typical disturbances in PMCs of
plants of all 3 populations were cells with
micronuclei. These  micronuclei probably
originated from chromosomes lagging at
Anaphase I. Data of the main types of
disturbances are shown in Table 8.
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Table 7. Nature of chromosome behavior at Anaphase I in plants of 3 populations of
autotetraploid buckwheat.

Population Investigated

types of disturbances
including = seeemeeecececmcememmeeccecmeceaee

vith lagging bridges irregular  other
PMC disturb. of chromosome
plants total (total) chromos. divergence
I 11 II1 v v
A 44 2341 713(30.5) 651(27.8) 39(1.7) 15(0.6) 8(0.3)
B 27 469 94(20.0) 57(12.2) 20(4.3) 13(2.8) 4(0.9)
C 18 724 269(37.2) 237(32.7) 10(1.4) 22(3.0) 0

Note. 1. First figure in column I-V - absolute number, in brackets - percent. 2. Student’s. test
among different types of disturbances in 3 populations. The symbols here are: d - difference
among investigated groups; Sd - error of difference; t - test of significance; DF - degrees of
freedom; p - significant difference.

Compared types  Compared

of disturbances populations d Sd % t DF p

I A-B 0.11 1.97 5.6 2308 >0.999
A-C 0.06 1.98 3.0 3063 0.99< <0.999
B-C 0.17 2.45 6.9 1191 >0.999
I1 A-B 0.08 - 1.64 4.9 2808 >0.999
A-C 0.13 1.92 6.8 3063 >0.999
B-C 0.21 2.24 9.4 1191 >0.999
11 A-B 0.026 0.98 2.7 2808 0.99< <0.999

A-C 0.003 0.52 0.6 3063 0.95>
B-C 0.029 1.05 2.8 1191 0.99< <0.999
1V A-B 0.022 0.79 2.8 2808 0.99< <0.999
A-C 0.024 0.66 3.6 3063 <0.999

B-C 0.002 1.00 0.2 1191 0.95<
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Fig. 7. Decay of the chromatin
substance of a nucleus (x 3500).

Fig. 8. Anaphase I; Norm. (x 2600).
Fig. 9; Anaphase I; lagging of
separate chromosomes (x 2600).
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Fig. 10. Anaphase [; Lagging of a separate chromosome with fragment (x 2800).

Fig. 11. Anaphase I; Lagging of 2 associations of chromosomes (x 2800).

Fig. 12. Anaphase I; Delay of terminalization process in one chromosome association (x 2800).

Fig. 13. Anaphase I (the start); Asynchronism is observed in divergence of separate bivalents.
Chromatin strands are formed as a result of a disturbance in the terminalization process (x
2850).
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Fig. 14. Anaphase I; The process of chiasma terminalization is broken. Chromatin strands are
formed and 2 chromosomes begin to lag (x 2800).

Fig. 15. Anaphase I. Irregular divergence of chromosomes. At one pole there are 17 chromosomes,
at the other 15, and one chromosome is lagging (x 2700).

Fig. 16. Anaphase I (the end); Broken chromosome bridge with lagging univalent (x 2100).

Fig. 17. Anaphase I; Asynchronism and irregular chromosome divergence may be observed (x
2550).
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Pollen mother cells with 2 micronuclei
seldom occured. There was a similar
percentage of cells with 2 micronuclei in
plants of Populations A and C - 4.4 and 4.3%
respectively, (the difference is not significant).
In Population B, the figure was 1.6%,
significantly = different  from  that of
Populations A and C).

PMCs with 3 micronuclei occured very

seldom. The difference among populations was
not significant.

In the meiotic stage, 'Telophase I + Dyad,
the highest percentage of changed pollen
mother cells was thus in low fertility plants
of Population C - 24.3% and the lowest - 9.6%
in plants of Population B. Plants of
Population A had 20.7% of disturbances. The
difference among these data is significant

Table 8. Nature of chromosome behavior at Telophase I + Dyad in plants of 3 populations of

autotetraploid buckwheat.

Popul . Investigated
incl. with types  of  disturbances
disturb. = e
(total) PMC with 1 PMC with 2 PMC vith 3
PMCs micronucl. micronucl. micronucl.
plants total I1 ITI Iv
A 23 540 112 (20.7) 83 (15.4) 24 (4.4) 5 (0.9)
B 31 1227 118 (9.6) 95 (7.7) 19 (1.6) 4 (0.3)
C 14 259 63 (24.3) 49 (18.9) 11 (4.3) 3 (1.2)
Notes as in Table 7.
Compared types Compared
of disturbances populations d Sd % t DF p
I A-B 0.114 1.92 5.9 1765 >0.999
A-C 0.03 3.16 0.9 797 0.95>
B-C 0.144 2.78 5.2 1484 >0.999
IT A-B 0.07 1.61 4.3 1765 >0.999
A-C 0.04 2.83 1.4 797 0.95>
B-C 0.11 2.57 4.3 1484 >0.999
IT1 A-B 0.024 0.89 2.7 1765 0.99< <0.999
A-C 0.001 1.18 0.1 797 0.95>
B-C 0.024 0.89 2.7 1484 0.99< <0.999
v A-B 0.006 0.47 1.3 1765 0.95>
A-C 0.0026 0.84 0.3 797 0.95>
B-C 0.0086 0.72 1.2 1484 0.95>
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Table 9. Nature of chromosome behavior at Metaphase II in plants of 3 populations of
autotetraploid buckwheat.

Popul . Investigated
types  of  disturbances
incl. wit chromosomes  asynchron.
disturb. discarded divergence
(total)  ----memeeenen- of chromo-
PMCs 1 2 4 some other
plants total I IT 111 v y
A 28 511 105 53 27 16 3 6
(20.5) (10.4) (5.3) (3.1) (0.6) (1.2)
B 28 593 63 3 17 5 2 6
(10.6) (5.6) (2.9) (0.8) (0.3) (1.0)
¢ 15 21 9 2 15 8 10 0

(26.7) (11.8) (6.8) (3.6) (4.5)

Notes as in Table 7.

Compared  Compared

disturb. populations d Sd % t DF p
I A-B 0.10 2.24 4.5 1102 >0.999
A-C 0.06 3.46 1.7 730 0.95>
B-C 0.16 3.32 4.8 812 >0.999
I1 A-B 0.048 1.70 2.8 1102 0.99< <0.999
A-C 0.016 2.65 0.6 730 0.95>
B-C 0.064 2.43 2.6 812 =0.99
I11 A-B 0.024 1.22 2.0 1102 =0.95
A-C 0.015 2.00 0.7 730 0.95>
B-C 0.039 1.87 2.1 812 0.95< <0.99
v A-B 0.022 0.77 2.9 11 02 0.99< <0.999
A-C 0.006 1.58 0.4 730 0.95>
B-C 0.028 1.45 1.9 812 0.95>
v A-B 0.003 0.39 0.8 1102 0.95>
A-C 0.039 1.45 2.7 730 0.99< <0.999

B-C 0.042 1.43 2.9 812 0.99< <0.999
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Fig. 18. Metaphase II; Divergence of chromatids of the univalent, which have lagged on the
equator at 1st division during coorientation (x 1550).

Fig. 19. The end of Metaphase II and the start of Anaphase II; asynchronism in divergence of
chromosomes to poles (x 1900).

(Table 8).

Table 9 shows the main types of
disturbances observed in PMCs of plants of 3
populations at Metaphase II. At that stage we
most often observed separate chromosomes
distributed outside the equatorial plates (fig.
18). That type of disturbance is caused by
lagging of chromosomes at Anaphase I and is
revealed by micronuclei at the 'Telophase I +

Dyad’ stage.
While investigating that meiotic stage,
PMCs with  asynchronous  chromosome

divergence were found, i.e., at one pole
chromosomes were already entering Anaphase
I, but at the other pole this process had not

"

been started and chromosomes were at
Metaphase II (Fig. 19). This was observed
most frequently in PMCs of Population C
plants.

At Metaphase II, the highest percentage of
changed PCMs was thus found in low
fertility plants of Population C - 26.7%, and
the lowest - 10.6% - in high fertility plants of

Population B. High fertility plants of
Population A  demonstrated 20.5%  of
disturbances. The difference between

Populations A and C is not significant, but
between B and the other two it is.

The comparative characteristics of the main
types of disturbances revealed in PMCs in
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Table 10. Nature of chromosome behavior at Anaphase II in plants of 3 populations of

autotetraploid buckwheat.

Popul . Investigated
types  of  disturbances
incl. with memmmmm e e
PMCs disturb. lagging of  bridges with irregular diver-
plants total (total) chromosomes lagging chrom. gence of chrom.
I I1 11 IV
A 40 1071 183 (17.1) 154 (14.4) 15 (1.4) 14 (1.3)
B 28 754 87 (11.5) 75 (9.9) 10 (1.3) 2 (0.3)
¢ 20 492 173 (35.2) 144 (29.3) 9 (1.8) 20 (0.4)
Notes as in Table 7.
Compared Compared
disturb.  popul. d Sd % t DF p
[ A-B 0.056 1.73 3.2 1823 0.99< <0.999
A-C 0.181 2.45 7.4 1561 >0.999
B-C 0.237 2.65 8.9 1244 >0.999
I1 A-B 0.044 1.41 3.1 1823 0.99< <0.999
A-C 0.149 2.24 6.6 1561 >0.999
B-C 0.193 2.24 8.6 1244 >0.999
111 A-B 0.003 0.44 0.2 1823 0.95>
A-C 0.004 0.71 1.1 1561 0.95>
B-C 0.005 0.71 1.1 1244 0.95>
v A-B 0.010 0.37 2.7 1823 0.99< <0.999
- C 0.028 0.95 2.9 1561 0.99< <0.999
B-C 0.038 0.92 4.1 1244 >0.999
plants of 3 populations of autotetraploid At the meiotic stage Anaphase II, PMCs

buckwheat at Anaphase II is given in Table
10. It may be seen that at this meiotic stage,
one of the most frequently occurring
disturbances was the lagging of chromosomes
during their divergence towards the poles
(Fig. 20).

were also found in which chromosomal bridges
and bridges with fragments were observed.
The number of cells with that type of
disturbance was not very large, 1.4, 1.3 and
1.8%, in Populations A, B and C respectively.
The difference among the populations is not
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Table 11. Nature of chromosome behavior at Telophase II + Tetrad in plants of 3 populations of
autotetraploid buckwheat.

Popul . Investigated

types  of  disturbances

incl. with tetrads with  Polyads with Dyads and

disturb. micronuclei micronuclei  triads with
(total)  -------mmmmeaaee micronuclei
PMCs 1 2 3-8
plants total I [ 11 v v VI
A 91 17504 3304 2078 700 132 274 119
(18.9) (11.9) (4.0) (0.7) (1.6) 0.7)
B 66 13610 2009 1204 510 94 136 68
(14.7) (8.8) (3.7) (0.7) (1.0) (0.5)
C 55 7496 2740 973 815 272 620 60
(36.6) (13.0) (10.9) (3.6) (8.3) (0.8)
Notes as in Table 7.
disturb. populations d Sd % t DF p
I A-B 0.42 9.5 31112 >0.999
A-C 0.18 0.62 29.0 24998 >0.999
B-C 0.62 35.5 21104 >0.999
11 A-B 0.030 0.35 8.6 31112 >0.999
A-C 0.011 0.40 2.7 24998 0.99< <0.999
B-C 0.041 0.40 10.3 21104 >0.999
[11 A-B 0.002 0.22 0.9 31112 0.95>
A-C 0.069 0.35 19.7 24998 >0.999
B-C 0.071 0.36 19.7 21104 >0.999
v A-B 0.0005 0.09 0.6 31112 0.95>
A-C 0.0285 0.23 12.4 24998 >0.999
B-C 0.0290 0.23 12.6 21104 >0.999
v A-B 0.006 0.13 4.6 31112 >0.999
A-C 0.067 0.33 20.3 24998 >0.999
B-C 0.073 0.33 22.1 21104 >0.999
Vi A-B 0.002 0.09 2.2 31112 0.95< <0.99
A-C 0.001 0.12 0.8 24998 0.95>
B-C 0.003 0.12 2.5 21104 0.95< <0.99
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Fig. 20. Anaphase II; Norm. (x 1500).

Fig. 21. Anaphase II; One of two divisions with irregular chromosome divergence to poles (14-I-17)

(x 2900).
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At that meiotic stage we also observed
cells with irregular divergence of
chromosomes to the poles. For example, Fig.
26 shows one of the poles at Anaphase II with
chromosome divergence of 14-1-17. The highest
percentage of PMCs with a similar
disturbance was observed in plants of
Population A - 1.3%. The percentage of similar
PMCs was 0.3 and 0.4 respectively in plants
of Populations B and C. The difference
between Population A and Populations B and
C is significant.

A comparative description of the main
types of disturbances, revealed in PMCs of
plants in 3 populations of autotetraploid
buckwheat at the final meiotic stage
"Telophase II + Tetrad’ is given in Table 11. It
is clear from this table that at this meiotic
stage, cells with micronuclei often occurred
(Fig. 22). Tetrads with one micronucleus (Fig.
24) were most common and cases with 2

micronuclei were rare. The highest percent of
tetrads with one micronucleus was found in
plants of Population C - 13.0%, in Population
A the figure was 11.9% and in Population C
8.8%. The difference among the populations is
significant.

Tetrads with micronuclei from 3 to 8 were
about 5 times as frequent in plants of
Population C as in Populations A and B. The
percentage of such cells was the same (0.7%)
in high fertility Populations A and B.

An increase in the amount of polyads with
micronuclei (Fig. 25-26) was typical of low
fertility plants of Population C in comparison
with high fertility plants of Populations A
and B.

At the meiotic stage 'Telophase II + Tetrad’
we also observed dyads and triads with
micronuclei.

In the post-conjugation meiotic stages of
antotetraploid buckwheat, the main types of
disturbances were: PMCs with lagging
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chromosomes at Anaphase [; PMCs with
micronuclei at Telophase I + Dyad; PMCs
with disorientated chromosomes at Metaphase

II, PMCs with lagging chromosomes at
Anaphase II and finally, PMCs with
micronuclei at Telophase II + Tetrad. It
follows that it is probably precisely these
types of disturbances which are primarily
responsible for the formation of non-balanced

Fig. 22. Telophase II;
PMC with six
micronuclei (1100).

Fig. 23. Tetrad; Norm.
(x 1400).

Fig. 24. 4+1, tetrad
with one micronucleus (x
1250).

gametes, and, hence, the reduction of fertility
in plants of autotetraploid buckwheat, and
since the range of the main types of
disturbances is similar in both high and low
fertility plants, so there are common
mechanisms leading to the reduction in
fertility of  plants of  autotetraploid
buckwheat. As has already been shown, such
mechanisms  affecting  fertility are: 1)
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Fig. 25-26. Polyads (x 850).

normal

process of
chromosomal conjugation, and 2) quadrivalent
type of chromosome conjugation.

The question arises as to whether there is

disturbances in the

a correlation between quadrivalents -
univalents revealed by us at the stages of
diakinesis and Metaphase I, and the main
types of disturbance at the post-conjugation
stages of meiosis. To answer this question, we
established correlation coefficients between

the number of quadrivalents and univalents,
and the number of main types of disturbances
detected at the post-conjugation stages of
meiosis in plants of autotetraploid buckwheat.
The obtained data are presented in Fig. 27.
From the data it may be seen that in all
cases except one, the values of the correlation
coefficients were positive and significant. The
correlation coefficient between the
quadrivalent number and PMC’s number with
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Fig. 27. Correlation between the number of quadrivalents and univalents and the number of the
main types of disturbance at post-conjugation stages of meiosis in plants of autotetraploid

buckwheat.

Univalents

r=+0.42 (P=0.95)

oy

A- +0.46 (p=0.99) T-[+0.45 (p=0.95) M-[[+0.56 (p=0.999) A-][+0.68 (p=0.999) T-II

r = +0.59 (p=0.999)

r=+0.14 (P<0.95)

r = +0.27 (p=0.95)

Y

Quadrivalents

Note. Coefficients of correlation were established with the following types of disturbance:
Anaphase I - the lagging of chromosomes; telophase I + dyad - MPSs with micronuclei; Metaphase
II - disoriented chromosomes; Anaphase II - lagging of chromosomes; Telophase II + Tetrad - PMCs

with micronuclei.

disturbances at Anaphase I was the lowest
and was not significant. The obtained data
allowed us to conclude that there is a logical
connection between conjugation processes,
chromosome behavior at the post-conjugation
stages of meiosis and the formation of
unbalanced gametes, affecting directly the
fertility = of  plants of  autotetraploid
buckwheat.

Discussion

An analysis of data obtained during
investigation of the nature of conjugation and
chromosome behavior at the post-conjugation
stages of meiosis in relation to plant fertility
in autotetraploid buckwheat, shows that the
main contribution to the formation of
unbalanced gametes and, therefore, to the
reduction of fertility is from univalents
(16.6%). A quadrivalent type of chromosome
conjugation also leads to the formation of
unbalanced gametes. However, the
contribution of this association to the

reduction of fertility in autotetraploid
buckwheat is about 8 times less (2.0%), than
that of univalents. A positive -correlation
between quadrivalents-univalents and the
main types of disturbances in the 1st and 2nd
meiotic division was also found. The fertility
of plants of autotetraploid buckwheat thus
depends wupon the mnature of chromosome
conjugation and the formation of unbalanced
gametes. The presence of a wide variation in
the number of chromosome associations in
PMCs (quadrivalents and univalents) allows
the conclusion that the genotype affects the
nature of chromosome conjugation, the
number of chiasmata, the formation of
quadrivalents and, finally, the mechanism of
univalent formation, that in total it conditions
the nature of chromosome behavior in the 1st
and 2nd meiotic divisions and, hence, the
higher or lower fertility of autotetraploid
buckwheat.

It should also be noted that the meiosis of
autotetraploids has been studied during the
first years after they were obtained (18-19).
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The authors of that investigation noted that
"beside quadrivalents there were a number of
bivalents; trivalents and univalents occured as
an exception'. As a matter of experience it
may be concluded that in the process of
continuous selection for the increase of
fertility of the variety Bolshevik-4, a gradual
diploidization took place, i.e. a change in
chromosome conjugation from quadrivalent to
bivalent in later generations.

An  analysis of literary data on
cytogenetical  investigation of  different
autopolyploids demonstrates that the observed
variation in the frequency of different
chromosome associations depends upon the
species of polyploids, the individual properties
of some plants within the species, varietal
character and even separate cells within each
plant (19, 32). Polyploids possessing long
chromosomes form multivalents more often
than those with short chromosomes (12, 29). It
is evident, too, that multivalent frequency
depends also on chiasma frequency, and it may
be proportional to chromosome length (12, 21,
36, 47). In other words, longer chromosomes
have a large chiasma frequency and form
multivalents more often, including also
quadrivalents, and vice versa. Thus, different
associations per cell in autopolyploids depend
on variations in chiasma frequency. Over and
above, the comparative study of chiasma
frequency in diploids and autotetraploids
obtained from them has shown that, as a rule,
the relative chiasma frequency is not changed
during transposition to the polyploid level (1,
21, 32-33).

From this point of view, data from the
karyological study of diploid buckwheat
carried out by V.V. Mansurova are of interest
(31). In diploid buckwheat, chromosome N1 is
the longest, i.e. 20.2 units, chromosomes N2
and N3 are 17.32 and 17.12 units respectively.
The shortest chromosomes are N7 and N8,
with lengths of 13.15 and 11.26 wunits
respectively. Chromosomes N4 - N6 are
intermediate with corresponding lengths of
15.84, 15.43 and 15.07 units.

When studying the nature of chromosome
conjugation in diploid buckwheat we found
that, as a rule, 3 bivalents presented a closed
type (2-3 chiasmata), and five - an open type

(1 chiasma; Fig. 28). Hence it may be
concluded that the longest chromosome, N1,
participates in the formation of quadrivalents
in autotetraploid buckwheat and of other
complex associations and the same part is
probably played by Chromosomes N2 and N3,
forming during bivalent conjugation of a
closed type. Short chromosomes may condition
the formation of univalents.

The variation in chiasma frequency
between separate plants is genetically
controlled (27, 47). In addition, there are
recessive genetic factors (genes of asynapsis
and desynapsis), characterized by a polygene
nature  of  inheritance  affecting  the
conjugation process and, in particular, the
process of chiasma formation. It was
demonstrated in our study that univalents
were formed in most cases due to premature
chiasma terminalization of separate bivalents
at a late prophase of meiosis, i.e.,, as a result
of desynapsis.

While analysing the
experimental autotetraploid of buckwheat
derived from 9 diploid varieties, V. V.
Sakharov et al. arrived at an important
conclusion on the great role of the initial
diploid material involved in polyploidization.
They wrote: "Tetraploid forms with sharply
reduced fertility originate from hereditarily
defective diploid material, on the basis of
which polyploidy cannot give good effect" (51).

Our data on newly obtained autotetraploids
of buckwheat (Population B) fully confirm
this conclusion. In PMCs of plants of
Population B, even in Cs we observed a
mainly  bivalent type of chromosome
conjugation. The plants of that population
were characterized by a lower percentage of
changed PMCs at the post-conjugation stages
of meiosis as compared with plants of high
fertility Population A, further along the path
of selective improvement. In addition, plants
of Population B were not more fertile than
plants of Population A (62). The principal
cause may lie in the initial diploid material.
As stated above, for obtaining new
autotetraploids of buckwheat (Pop. B) we
used plants of the diploid buckwheat variety
‘Bolshevik’” which  had passed through
cantinuous selection for fertility improvement.

fertility  of
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In the creation of new autopolyploids it is
therefore necessary to study the initial diploid
material by the whole complex of agronomic
characters, and then to use the best plants for
colchicine treatment and transposition to the
polyploid level.
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JTo npo61eMn MI0JOBUTOCTI ayTOTETPAILIOIHOI TPEYKH

[Mosigomienns 1. Meiio3 Ta mio0BUTICTL EKCTIEPUMEHTANIBHUX ayToTeTpanoijis Fagopyrum esculentum
Moench

A. T. Tkavos
IucturyT Giosnorii po3sutky iMm. M. K. Konsiosa AH CPCP, Mocksa, CPCP

XapkiBcbKuil epxasuuit negaroriynmii incrutyt im. I'. C. Ckosoponu, 310078, Xapkis, Byn. Aprema,
29, YPCP

Pe3rome

JlociKeHHs IPOBE/IEH] Ha POCIMHAX TPHOX MOMYJISILiA ayTOTeTPamIoigHoi (4n) rpeuku. [onynsuis A
mpecTaBIeHa poeMHamMu, o 6ynu crBopeni B. B. Caxaposum Ta itoro criBpobiTHukamu y 1941 p. 3
UIoigHOTO (2n) copty "BinbIOBKK”, sIKi MPOMLIIN 0 NOYaTKy po60TH 17-pa3osuii BiAGip HA MIOJI0-
BuTicTh (copt "Binbmosnk-4"). IMonynsiuist B npegcrasnena pociunamu C,—C,, 110 6yiu CTBOPeHi 3 TOr0
% 2n copry "Binblosuk”, siKi mepej nomimioigizamiero npoimam 12-pa3oBuii BiiGUp Ha MJIOJOBUTICTb.
IMonynsuis C cTBOpeHa 3 HU3LKOIUIOAOBUTHX POCIMH nonynsuin A ta B. ITnogosuticTs pocnut nomyi-
auii A ckmagana 80,6%, B — 86,5% i C — 20,0% no BigHOWIEHHIO 10 2n. BecTaHoBIEHO, HI0 Y POCIHH
nonyssiiit A ta B 95-97% xpomocom, a 'y C — 90% koH "toryBanu GiBanenramu. Bennka MiHnuBicTh
xpomocomuux acotgianiin 8 MKIT nokasye, 1o xapakTep KOH'IOralii XpoMOCOM, Ki JIbKICTh Xia3M Ta ix
TepMiHati3alis, NOBe/liHKa XPOMOCOM B TIEPLIOMY Ta IPYrOMY MOJIiJli MEHO3y TEHETUYHO ICTCPMIHOBAHI.
YHIBaJEHTH B CBOIl GiNBIIOCTI YTBOPHOBAIMCH BHACIIOK MEPEAYACHOI TepMiHai3allii Xia3M B OKpPEMHX
GiBasieHTax. BKka3aHo Ha 3B"930K KBaJ[PMBAJICHTIB TA YHIBAJIEHTIB 3 MOBEJIHKOK XPOMOCOM Ha MOCTKOH-
"JOraliiiiHMX CTa/isiX, BIUIMB IUX ACOL{ial{iil Ha TPOIEC YTBOPEHHs He30aTaHCOBAHUX TaMeT i B KiHIli KiHLIB
Ha MI0A0BUTICThL 4n rpeuku. CTBOpPEH] HaMu pocinuu nonysiii B 3 2n, o BUTpUManu JOBroTpuBaini
BiIGIP HA NJIOJIOBUTICTh, HE MOCTYAJNCH MOMYJIALIl A K 0 MEHO3Y, TaK i IJIOJOBUTOCTI, LIO A03BOJISC
3pOOGUTH BUCHOBOK IPO BEJIMKY POIIb T@HOTHITY BMXIHUX JMIUIOIIB, 3a/1y4yBaHUX B NOJIILIOILI3ALIIO.
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K npo6.ieme ImI0{0BUTOCTH ayTOTETPANIOMIHON I'PeYHXH

Coobuenue 1. Me#o3 u IIoOBUTOCTh 3KCIIEPUMEHTANIBHBIX ayTOTeTpanounoB Fagopyrum esculentum
Moench

A. T. Tkaues
WuctutyT 6nonorun passutust umenn H. K. Konsosa AH CCCP, Mocksa, CCCP

XapbKOBCKUH roCylapcTBEHHbIN nejaroruyeckuil MHCTUTYT uMenn I'. C. Ckoopopst, 310078, r. Xap-
bKOB, yl. Aprema, 29, YCCP

Pe3ziome

UccnenoBaHus MPOBENEHbl HA PACTEHUSX TpPeX TMOMYMSALUUA ayTOTETPAIIOWIHOW (4n) rpevuxu.
[Tonynsinmst A npejicraBieHa pacrenusiMu, nonyuenubiMu B. B. CaxapoBbim ¢ coTpyauukamu B 1941 r.
M3 AUIITONIHOTO (2n) copTa BosblIeBUK W MPOMICAUIMME K Ha4any paboTsl 17-KpaTHbii 0TOOP Ha IM10-
posutoctb (copt bubieBuk-4). IMonynsuust B npepcrasnena pacrenusimu C,—C,, nonyuyeHHbIMU U3 TOTO
ke (2n) coprd BosbuieBuK, HO Nepe] MOMUIUTOUAN3ALUEH TPOIMICAUINMU 12-KPATHBIN OTBOP HA TIOHO-
Butoctb. [Tonynsiumst C co3paHa M3 HU3KOIUIOAOBUTHIX pactenun nonyisuun A u B. IlinogosurocTs
pacrenuit nonynsituu A cocrasinsiia 80,6%, B —86.5% un C —20% 1o oTHOLIEHHUIO K 2n. Y CTAHOBIECHO,
4yTo y pactenuit nonyisiuuda A u B 95-97% xpomocom, a y C — 90% KOHBIOTUPOBAJIN OUBATICHTAMU.
Boabas u3MEHIMBOCTE XPOMOCOMHBIX accoqurauuid B MKIT nmokasbsiBaeT, 4YTo XapakTep KOHbIOTaLUu
XPOMOCOM, KOJMYECTBO XMA3M M WX TEPMHUHAIM3ALMS, [TOBE/ICHUE XPOMOCOM B IIEPBOM M BTOPOM jieJie-
HUSIX MEHO3a TeHETUYECKU JEeTEPMUHUPOBAHBI. YHUBAJICHTHI B CBOEM OOJIBIIMHCTBE O0OPa30BbLIBATIUCH
CIIEJICTBUE MPEXKAEBPEMOHHON TEPMUHAIM3ALMKN XHa3M Y OT/ICJIbHBIX OuBaseHTOB. [Toka3aHa CBsI3b KBa-
APUBAJICHTOB W YHUBAJIEHTOB C IOBEACHUEM XPOMOCOM Ha NMOCTKOHBIOTALMOHHBIX CTAUSIX, BIIUSHUE
9TUX accouualui Ha rnpouyecc oopa3oBaHust HecOaNaHCUPOBAHHBIX FAMET U B UTOTE HA IUIOJJOBUTOCTL 4n
rpeyuxu. BHOBL cO3aHHBIC HAMU pacTeHusl nomyjasuuu B, nonyudeHHsle u3 2n, OpoOLUEALINE [JIU-
TEJIbHbIM OTOOP Ha MIIOJOBUTOCTh, HE YCTYNAIW NOMYIsiUMU A 110 MEHO3Y U MIOJOBUTOCTH. ITO MO3BO-
JISIeT cienaTh BbIBOJ O OOJILIIONW POJIM T€HOTHIIA UCXOJHBIX JMIUTOUIOB, BOBJIEKAEMBbIX B MOJIMITIOM/IH-
3alMIO.
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BPEAUTEIN TIPEYUXU U GOAKTOPHI BIUAKIIME HA HX
YUCJIEHHOCTD

E. C. AIEKCEEBA, B. K. IIEBYYK, T. E. IEBYYK
Kameneu-TTogonbckuit  cenbckoxo3siicTBeHHbIM  MHCTHTYT 281900 r. Kamenen-
IMoponbckuit, XMenbHuukou oou. yia. lllepyenko 13, CCCP

B pa6ore npejcraBnensl JanHbie 0 OMONOTMM HaubOJIee PaclPOCTPAHEHHBIX BPEIUTENIEH IPEYUXH, pac-
CMaTPUBAIOTCS (PAKTOPBI BIUSIOLUIME HA UX YUCICHHOCTb.

Beenenne. VM3BeCTHO, 4TO MUPOBBIE TIOTEPH YpOXKas CEJILCKOXO3SUCTBEHHBIX KYJIbTYP OCTUralOT MpU-
MepHO 1/3 uX MaTepHaIbHOTO BanoBOro cbopa u Beipaxkarorcsa B 750 mapa. ponnapos (M. [I. Bponckux,
1981).

3amuTa pacTeHUN IPEYUXHU OT BPEJIHbIX NATOTEHOB SIBISIETCS BAXKHBIM PE3EPBOM MOBbIIEHUS €€ ypo-
SKalHOCTH. BuIOBO# cocTaB BpepuTeselt rpeuynxu ux GHOJIOrUs U BPEJOHOCHOCTb M3Y4YeHbl HEJOCTa-
TOYHO M TOKA UMEIOTCCS JIMLLIb HEMOJIHbIE JaHHbIE O HACEKOMBIX, KOTOPBIE BPEJsT 3TON KyabType. VX
HacuuTbiBaeTcs 6onee 40 BUIOB.

B. I'. Mneunnckun (1928) na reppuropun PCPCP B nocesax rpeunxu obnapyxun 16 BUIOB Bpeu-
tenen. M. H. Enarun (1962) ormeuaer, yto nocess! rpeunxu B Kypckoit obnactu nocemator 6osee 20
BUIOB BpEAUTEIEH.

OGcnepoBanue noceoB rpeunxu B [Tepmckoit obnactu nokasano Hamuuue 22 Bpepurenen (3. 1. XKy-
pasiesa u ap. 1979, 1982).

A. C. Kpotos (1976) yka3bIBaeT, 4TO Ha rpeyuxe Bcrpedaercs 11 BHIOB HEMATON.
Criennanu3vpoBaHHBIMU BPEAUTENSIMUA T'PEYUXH CUMTAIOT TPEUYUIIHYIO GIIOXY, IPEYHIIHOTO KOMapHKa,
IPEYMILIHOTO JIOJITOHOCUKA, FPEYUIIHYIO JIMCTOONOWKY U JIp.

3. I1. Kypasnesa u ap. (1972) ycraHOBWJIM, YTO MOTEPU YpPOXKasi 3epHA TPEUUXU OT BPECAUTEICH
cocTaBiasoT 2,5 u/ra.

Marepuan u MeToabl. [1J1s1 N3yueHMsT BUJIOBOIO COCTABA U YUCIIEHHOCTH BPEUTENEN 00CIeNOBaH CeleK-
LMOHHbIC 10ceBbl [IpoOIEeMHON HAayYHO-MCCIEeJOBATENIbCKON sabopatopun no rpeuuxe Kawmenen-
[TO0MBLCKOTO CEJILCKOXO3SIMCTBEHHOIO MHCTUTYTA, obOpa3ubl u3 komnekuuu BUP, nukue copopuun,
ArpOTEXHUYECKHE OMBIThI M YUACTKH PA3MHOXKEHMS HOBBIX M PaHOHMPOBAHHBIX COPTOB.

CHop HaceKOMbIX MPOBOAMUIYN uepe3 Kaxible 10 qHeH SHTOMONIOTHYECKHM CAYKOM HA MPOTSIKEHUH BCETO
BEreTalMoHHOro rnepuoa. Ilpu m3ydeHnn MOpHOOHOTOTHUECKUX MPU3HAKOB T'PEYUXH IMOJIb30BANIUCH
ouHOKynsipHOU nynou. ComepKaHue KapOTHHA M KJIETYATKU ONpeensim no Meroauke KumMakoBckoro
B. U. u gp. (1988).

Pe3ynbTaThl M 06cyx)aenne. ViccneqoBanus MOKa3alu, YTO B IOCEBAX IPEYNXH BCTPEYAFOTCS ClIEYIOIHe
speautenu: orpsan Heteroptera cem. Anthocoridae Bug Anthocoris nemoralis — XMIIHBIA KJIOI; OTPSIA
Homoptera — nogotpan Cicadinea Llukapossie, cem. Hocatku — Dictyopharidae sun Dictyophara eur-
opea L.; cem. Cicadellidae — Llukanenuessie, Bug Cicadella viridis — qukangka senenas; cem. Aphropho-
ridae — ITennuupl, Buabl Philaenus spumarius L., Aphrphora alni; Fall. cem. Jassidae — [Tukanku, Bujibl-
MKajka BoaHucTas-Platymetopius undatus Deg, unkaaka nonocarast Psammotettix striatus L., nukanka
ectuToueyHasi Macrosteles sesenotatus Fale. TTogorpsin Psyllinea — neunnuabl, Wiy TMCTOOIOMIKHY.
Haubosnee pacnpocTpaHeHHBIMI U BPEJOHOCHBIMU ObUIN IPEUMILIHAS WM OOBIKHOBEHHAS CBCKJIOBUYHASE
6roxa, GepeckaeToBas TIsl.

O6bIKHOBEHHAs uaK rpeuminHas 6noxa (Chaetocnema concinna Marsch) oTHocurest k otpsiny Coleop-
tera cem. Chrysomelidae). 1o Menkue Kyku ainuHoi 1,3-2.3 MM, 4EPHOTO 1BETA C 3CJCHOBATLIM MJIH
OPOH30BBIM OTTEHKOM. YCHKHM — 11-TH Y/ICHMKOBBIE. 3ajiHUe HOTHW NpbIraTelibHble, 3aHUE U CPEJHUE
FOJIEHU Y BEPLUMHbBI ¢ IIIYOOKOM BBISIMKON, YCasKeHHOH eTHHKaMu. Ha nepefnecnuuke y 3ajiHero Kpast
2 KOCBIX BIABJCHMS M Psifi KPYIHBIX TOYeK. Sliina OMOIIEK CBETJIO-KENThIE, BbITSAHYTO-OBAbHBIE,
nunon 0,6-0,7 MM, JInuuseky 6enbie, piuHon 1,5-2,2 MM, MMEIOT 3 mapbl FPYAHBIX HOT, @ Ha [1OC/IE/IHEM
YIeHMKE OpIOINKA 2 3arHYTBIX K BEpXY LIMIMKA; 3TH LIUINKK, @ TAKXKE TOJNI0BA U HOTH OYPO-KEJATOrO

LBETA.
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Buoorua rpedHmHoNi 640XH. 3UMYIOT KYKH O]l PAaCTHTE/IbHBIMU OCTATKAMH Ha 0OOYMHAX MOJIEH, B
JIECONOoNOcax, B HEOONbIIMX KaHABKAX, B KyCTaPHUKAX U Mp.

Becnoin npu Teuneparype 6-9°C xyku npoOyKIarTcs ¥ MPUCTYIAOT K JONOJIHUTEBLHOMY nuTanuto. C
MECT 3UMOBKHM OHHM IOCTENEHHO MEPEeCesOTCS Ha MHOTOJIETHUE TpeyHilHblie pacTeHust (Rumex conver-
tus Vild., P. convolvulus L. u mapsesbie (Chenopodyum album L.).

[Tpu Temneparype Bozayxa okoso 19-20°C xyku HauMHAIOT cnapuBaThesi. CaMK¥ OTKJIA[BIBAIOT siAIA B
noyBy Ha ray6uny 3-5 cM mo 4-6 mryk., Bcero 15-40smi. [peuninnasi 610xa OTKIIabIBACT SAL@ Y
KOPHEN IPEYUIIHBIX pacTeHui. JInuumHKM nosiBisitoress m3 simy vyepes 11-14 puen. IMurairorcs onHu Ha
KOPHSIX ¥ IMPUMEPHO Ye€pe3 MeCsl OKYKJIMBAKOTCS B Mo4yBe Ha ruydune no 15 cm. Kyku HOBOTO MOKO-
JICHUSI B HALUCH 30HE MOSBISIOTCA B Hayajle aBrycTa, ITUTAIOTCS HAa COPHSIKAX M CBEKJIE, a B CEpe/iuHE
CEHTS0Ps YXOOSIT HAa 3UMOBKY.

OcoGenHocTH MOBpeXaeHHs. BpeisT Kyku 1 TuIuHKH. 2KYKH BBITPBI3AIOT HA CEMSIIOIBHBIX JIMCTOYKAX
BEPXHHUI 3nuiepMuc U napenxumy. HuskHuit snujiepmuc ocraercs uenbiM. [1pu panpHERIieM pocrte
JIMCTA 3MUICPMHUC B MECTAX MOBPEXK/ICHUS BBINAAACT U MSTHA NPEBPAIIAIOTCS B AbIPKU. 2KyKH mospe-
KAAIOT U MOACEMSOIBHOE KOJIEHO, BCIEACTBUM YEro cTebesb JOMAeTCsl U PacTeHHe TMOHET, MOCEBBI
U3PEXKUBAIOTCS.

[ToBpesx/ieHUs: BCXOJIOB IPeYnXH OII0OXOH OCOGEHHO OMACHBI B CYXYI0, XKapKyto norojuy. IIpu Takux ycuo-
BHSIX >KYKH [OBPEXIAIOT TOUKY POCTA MOJIO/IbIX PACTEHUH, YTO TAKKE IPUBOJMUT K UX TMOENU U U3PEXKU-
BAHHUIO BCXOJOB.

Haimmmu uccieJoOBaHUsIMU YCTAHOBIICHO, YTO BOCIPMUMYHMBOCTH BCXOJIOB TPEYUXH K OOBIKHOBEHHOM
rpeYMILIHON OJIOIIKE 3aBUCUT OT CpOKa noceBa. PaHHue (anpenb — nepsas JeKana masi) moceBbl Gonee
YSI3BUMbI K TMOBPEXAEHUIO 10 CPABHEHUIO C MO3JHUMH.

B npouecce uccnepoBanuil Mbl 0OOpaTHIM BHUMAHKUE HA TO, UTO OT/EJIbHbIC BH/bI TPEUUXH, MYTAHTHI U
CEJIEKIMOHHbIE HOMEpPAa MEHEee MOPAXKAIOTCS, Ha JPYTHX XK€ OTMEUYEHO 00Jiee CHIIbHOE IOBPEXKICHHE.
DTO NOCTYKUIIO OCHOBOH JUISl COCTABIICHUS Kb YyYETa CTEINEHU MOBPEXKACHUS CEMSITONbHBIX JINCTHEB
(puc. I). Bes mkana yeTwsipex OanpHas:

(0 — nMoBpeXAEHUN HE OTMEYEHO;

1 — noBpexpaeHus 3aHuMaroT He Gosiee 10 % MOBEPXHOCTH CeMsIIONbHBIX JIUCTHEB;

2 — moBpex/eHus: oxBaTeIBalOT OT II 10 35 % NMHCTOBOM MOBEPXHOCTH;

3 — moBpeXJAcHUEM OXBaveHa BCsl IMCTOBast ruactuika (6omnee 50 % MOBEPXHOCTH).

DTy HIKaly Mbl UCIONb30OBAIM [JIs1 U3YYEHUS] YCTONUYUBOCTHU CEJIEKLMOHHOTO MaTepHaia TPeYUXu.

YCTOHYMBOCTH CeJIEKIHOHHOIO MaTepHalia

Wccre1oBanmsi MOKA3alli, 4TO CPEAM pallOHMPOBAHHbIX M IEPCIIEKTUBHBIX copTOB (BukTopus, Aspopa,
Op6ura, Ilogonsuka, Acropusi, I'mopusi, Kasauckas, Cmonesyanka, Cenena, Pagexosckas ymy-
yennasi, Jlaga, Tanes, [Inanema, Dueuna, Vickpa, Bonbmesuk-4, Wpens, borateips, Kanununackas,
Kpacuocrpeneukasi, [Toxnnshas, Tepkynec, Ckopocnenas-81, Iloykocuasi, 3apHuua / BbICOKOYCTO-
MYMBBIX K TPEYULIHON O10Xe HE OOHAPYXKEHO.

Cpean 00pa3uoB rpeunxu 00bIKHOBeHHOM Fagopyrum esculentum cpeiHeycTpOHIMBBIMU ObIIN Kapiu-
KoBbic myTtanTbl Manbsin 1 Hagexna.

[pu M3yYEHUH FOMOCTUIIBHBIX U IE€TEPOCTHIILHBIX PACTEHUH PEYMXH CYLUECTBEHHBIX PA3JIM4ui B CTe-
NEHU YCTOMYMBOCTHM HE BbisiBieHo. HauGonee ycroiumpbiMu (6an-I) K rpeuumiHonn 610xe B ecrect-
BEHHBIX [OJIEBbIX YCIOBUSX ObUIM JIMKME COPOJAMYM TPeUnxXu 0ObIKHOBeHHOW: Fagopyrum cymosum
Meissn, Fagopyrum giganteum Krot., Fagopyrum tataricum ssp. himalaicum Krot, Polygonum sachali-
nense, P. weurichi, P. nitens.

DTH BUJIbl NPEACTABISAIOT LUEHHOCTb KaK IeHETHUECKHE UCTOYHMKM B CENEKUMM FPEYMXH HA YCTOMYMB-
OCTh K OOBIKHOBEHHO# rpeuniuHoi 6uoxe (Chaetocnema concinna Marsh) u ux HEOGXOAMMO MpHBIIE-
KaTh B CKPELIMBAHUS MPH OTAAJTEHHON rMOPUAU3ALMH.
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Fig. 1. Scale for calculation of the degree of injury.
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PakTOphl YCTOMYHBOCTH.

OTMeueHHbIE Pa3vuusi B CTENEHM MOBPEXKIAEMOCTH Pa3IMYHbIX 0Opa3LOB rpeuuxu ObUIM Tpef-
MOCBUIKOM K M3YYEHUIO MPUUMHBI YCTOMUMBOCTH. PAKTOPAMU YCTOMUUBOCTH MOTYT ObITH MOPGOIIO-
rHYeCcKue NMPU3HAKHU (HaTu4Iue KYTUKYIbI, BOCKOBOH HAJIET HA JHMCTBSX, OMYIIEHHOCTh pacTtenui). [Ipoc-
MOTp ¥ AQHAJK3 3TUX [IPU3HAKOB B YCTOMYMBBIX U BOCIIPHMMYMBBIX OOPA3LOB IPEYMXM HE JAJIM CYLIECT-
BEHHBIX pa3inyui. Pasnuuusi ObIM TOTBKO B pasMepax JIMCTOBOY IUIACTUHKU. B TeTpamnounssix ¢op-
Max JIMCTOBAs MJIACTHHKA Oblia B 1,5 pasa kpynHee B CPAaBHEHMHU C MX JUIJIOMIHBIMH aHAJIOTAMH.
O6bIkHOBeHHasl (rpeyniuHas) 6j0Xa MHTAETCS PACTHTENBHOH TKAHBKO M YCTOWYHMBOCTH OTHENBHBIX
BMJIOB I'PEUUXH MO-BUIUMOMY OOYCIIOBIICHA MMUIIEBBIM NPEANOYTCHUEM TOTO UIIM MHHOTO pacTeHus. buo-
XUMHUYECCKUI aHAJIM3 3€JICHBIX JIMCTHEB TPEYMXM MMOKa3ajl Pa3jiMyHOE COJIEPKAHUE >KU3HEHHOBAXKHBIX
BEILECTB.

CopepxkaHue kaporuHa (mpoBuTamuHa — A) ObUIO HE OIMHAKOBO. [{si BOCIPHUMMYMBBLIX O0Opa3LOB
rpeunxu OObIKHOBeHHOW Fagopyrum esculentum B CEMSIONBHBIX JIMCTBSX COJIEP’KAHME KapOTHHA
coctaBmsuio 83 mMr Ha 100 r cyXoro BewIeCTBA, B HACTOSIIMX K€ JIUCThSAX OHO PaBHSJIOCH 77 MT, B TO
BpeMmsi, Kak B ycTOHuMBOro Buaa Fagopyrum cymosum OHO He npeBbimaino 39 mr.

Butamun »A« BIMsSIET Ha POCT U Pa3BUTHE HACEKOMOTO. M ero BbICOKOE cofiep>KaHue NO-BUMMOMY CTH-
MYJIUPYET HACEKOMBIX K JIyYLIEMY MUTAHMIO.

Cy1iecTBeHHbIM KPUTEPHEM, MMEIOIINM 3HAYEHUE B TMTAHUU HACEKOMBIX — JIUCTOE/IOB, UMEET HEXXHOCTh
TKaHe#, COofiepXKaHue BOJIbl, MUHEPANbHBIX BellecTB U Jip. ['pyOble U >KECTKUE PACTUTENIbHbIC TKAHU
OYEHb PEJIKO MOCEIIA0T BpeAUuTean. [JTaBHBIM KOMIIOHEHTOM, OMPENENSIOUMM 3JIAaCTHYHOCTL M YIIPY-
rOCTb PACTUTE/IbHBIX TKAHEH, SIBISETCS CONEPKAHUE KIIETYATKH.

AHanu3 nokasai, YTO B CEMSIONIbHBIX JIMCThSIX, KOTOPbIE MPEUMYILIECTBEHHO MOBPEX/AET IPEUYMUILIHAS
6110Xxa, cojeprkaHue KJIeTYaTKH oueHb Huzkoe (19 %), B JUCTBSIX MEPBOrO W BTOPOTO SIpyca OOLIKHO-
BEHHOW rpedyuxu — 32 %, a B YCTOMYMBOIO BHAA PEUMXH TOJY30HTHUYHON €€ copepxkuTcs — 48 %. DT1o
JaeT OCHOBAHUE MpeANoiaraTb, YTO YCTOMUYMBOCTh K OOBIKHOBEHHOM OJIOXEe coryiacyeTcs ¢ ypOBHEM
COIEP>KAHUSI BUTAMUHA »A« U KJIETYATKU B JTUCTHIX IPEUNUXH.



126

BepeckineroBasi Tas Aphis evonymi L. moBpekpgaeT Bce OpraHbl rpeqyuiiHOro pactenusi. Komrouue
IIETUHKY POTOBOTO anmapara NPOXOMAST B TKAHSX PACTEHHS MO MEXKKJIETOYHOMY MPOCTPAHCTBY HE
BbI3bIBasl HAPYIUEHHs LEJOCTHOCTH KJIETOYHBIX CTEHOK (TaK Ha3bIBAEMbIM HHTPOLEJUIIOJNAPHBIA THUII
ykona). OHM BBOJST B TKAaHU PACTEHUI 4Yepe3 COCATENbHbIN ammapaT TOKCHHbI, BbIpabaTbIBaeMble
CIIFOHHBIMHU XKEJIe3aMHU, KOTOPBIE B CBOIO OYE€pe[b, BAUSIOT HA (DEPMEHTATUBHYIO AESTEIHOCTH CaMOTO
pacTeHusi, u3MeHsisl €€ B HANPABJIEHUH CO3JIaHUSI YCIIOBUU, NPU KOTOPBIX OOECIIEUNBAETCS BO3MOXKHOCTD
nuranus s HacekoMmbix (I'. E. Ocmonosckuit, 1976). Ilpu aTom HaGmofaeTcss U3MEHEHHE OKPAacKH
NOBPEXKACHHBIX YAaCTEH PACTECHHH, YMEHbIIEHUE MPUTOKA MUTATENbHBIX BEIIECTB K (POPMUPYIOLIUMCS
ioam, jedopmanus TMCTbEB, CTEOIEH, IPeXAeBPEMEHHOE OnagaHie OYyTOHOB U LIBETKOB, IIYIJIOCTb U
HEOPa3BUTOCTh MIOAOB. Kpome 3TOro Tiist MOXET NEPEHOCUTh BO30YUTENECH BUPYCHBIX 3a00JI€BAHUI
IPEYUXH.

BepeckneroBasi TN OYeHb OJM3Ka K CBEKJIOBUYHOH. OTIHMYaeTCs HEKOTOPBIMU MOP(OIOrMYECKUMHU
npu3HakaMu (BOJIOCKM Ha Telleé KOPOTKHE, HIETHHKOOOpPAa3HbIE HE MPEBBIMAIOT BBICOTY KPaeBOTO
Oyropka Ha MEpPBOM TEpPruTe OPIOIIKA) U OCOGEHHOCTsSMH 3KojJoruu. OKpacka Tejina W3MEeH4YMBa, OT
4epHOOYpPOro, YEepHO-3EJICHOTO 10 3EJEHOBATO-0YpOro, He ONBUICHHOTO (TONBKO y HUMG JBa psaa
0eJI00NbUICHHBIX MATEH Ha TEPruTax).

3umyer B ¢aze sina Ha 6epeckiere (Eunomus verricosa Scop.), KOTOpbIH SIBISIETCSI /ISt HEE OCHOBHBIM
KOPMOBBIM pactenuem. B ycnosusix Jlecocrenu YKpauHbl TSI MOXET AaTh Oosee 5 MOKOJIEHMH, pas-
MHOKAasICh NAPTOreHeTHYECKU. V3 MUKOPACTYIUX TPABSIHUCTBIX PACTEHHI OBPEX/AET MacileH YEePHbIH,
OyasK, OCOT, ILIaBeJIb, HA KOTOpblE MUTpUpYyeT B Mae ¢ Oepeckiera. OgHAKO, HUKOTA HE 3acesieT
nebeny, Mapb Genyro, cBekiy, 60061 U Mak. M3 KyJnbTYpHBIX PAacCTeHMH JIETHUE NMapTOrE€HETHYECKUE
NOKOJIEHUSI KPOME TPEYMXU MOBPEXIAOT TOJBKO KYKYPY3y M MOJCOJHEYHHK, B TO BPEMsl KaK CBEKJIO-
BUYHAsl TJIs1 KYKYpYy3y HE 3aceisieT HUKOTAA.

B cBsi3au co crnienuUUHOCTBIO KYJIBTYphI, Haubonee 6e30macHbIM U 3(h(EKTUBHBIM, HA HAlll B3I,
SIBIISIETCS] BbIBEJICHUE YCTOMYMBBIX COPTOB rpeunxu. Haim uccnegopanust HanpaBieHHbIE HA TOMCK YCTO-
MYUBBIX (POPM K OEPEeCKIETOBON TIIE MOKA3aJIM, YTO TOMOCTHIbHAsE ¢popma X. Mapmanna (¢ KOpOTKO-
HECTHYHBIM THUIOM IBETKA), MYTaHThI CaJaTHOW (hOPMbI, HEKOTOPbIE KapJIMKOBBIE U YEPHOIUIOHbBIE
pOpMbI XapaKTEpU30BAIUCh MMOBBIIIEHHON BOCIPUUMYMBOCTHIO K OEPECKIIETOBOM TIIE.

N3 npoananusupoBanHbix 3000 06pa3nos ToabKO gukue copopuuu rpeyuku F. cymosum, F. tataricum
ssp. himalaicum, F. giganteum Krot., oka3anuce yCTOHUUBBIMU K JAHOMY BPEJUTEINIO.

IIpu3Hakn yCTOMYMBOCTH TPeYMXH K TISAM. BbIABICHHBbIE pa3nuuus B YCTPOWYMBOCTH ObLIM TIpef-
MOCBUIKOM K M3YYEHUIO MOP(OJIOTUYECKUX NMPU3HAKOB, ONPENENSIOINUX YUCIEHHOCTh HACEKOMBIX Ha
pacTeHusiX. AHAIU3UPYSI O] MMKPOCKONOM YEPEIIKH JIUCThEB U LIBETOHOCOB BOCIPUUMYUBBIX U YCTO-
HYUBBIX (POPM TPEUMXU, Mbl OOHAPYKUIH OONBIIOH MOJUMOPRHU3M MO HANUYHUIO BOJIOCKOB U INIOTHOCTH
onyweHusi. Y CUIIbHO BOCIIPUUMYHMBBLIX 00PA3L0B IPEUUXHU Ha CTEOJISIX, YepEeLIKaX JTUCThEB U IBETOHOCAX
BOJIOCKM OTCYTCTBOBaiM. bonee ycroiuusbie ¢OpMbI UMeNU BOJOCKUA. OJHOKJIETOYHBbIE THOKHE
BOJIOCKM Pa3MELLAIOTCA MO XKeaoOKy U BeicTynaMm yepewka. C npOTHBOMONIOXHON CTOPOHBI YepellKa
ONYLIEHUE WIIK OTCYTCTBYET WJIM OHO OUeHb pesikoe. MIHHas kapTuHa HaOIroaeTcsl B yCTOMYMBBIX (hOPM.
WX yepeuiku JUCThEB U COLBETHI 1O BCEH OKPY>KHOCTU UMEINH TycTOe omyieHue. Pasmuunst B Mopgo-
JIOTMYECKUX MMPU3HAKAX OTMEYEHBI U B CTPOCHUH JIMCTOBOM INIACTMHKM, XXWIKOBaHUS U 1p. (puc. 2).

Y BOCHPUMUUBLIX (POPM Kpail IUCTOBOM MJIACTUHKHM IAJKHHA, B TO BpeMsl KakK y 060Jee yCTONYUBBIX — M0
Kparo JucTa HabJIroJaeTcst 3a3yOPEeHHOCTh. DTO CUASTYHME XKele3Ku. [I1s 3TOU rpyIibl COPTOB U 06pa3LOB
XapaKTepHbIC MaJICHbKUE M TMO-BUJUMOMY, (PU3HOJIOTHYECKH HEIMOJHOLEHHBIE OJHOKJIETOYHBIE
Xenesku. B rpynne uMMyHHBIX (POPM I'PEUNXH 3TH XKEJIE3KH PEUMYILIECTBEHHO MHOTOK/IETOUHbIE. OHU
COCTOSIT U3 HOXKHU, MIOTPYKEHHON B 3MUAEPMIC U TOJOBKH, BBICTYNAIOUIEH HAJ €ro MOBEPXHOCTHIO. M3
KOHYMKOB BOJIOCKOB, XKeJie3bl BbIICISIOT 3KcyaaT (puc. 3).

[Tpu u3ydeHun MOpOIOruM KUJIOK Ha JIMCTOBOH IJIACTMHKE Mbl YBMJIENIM AHAJIOTMYHYIO KapTuHy. B
YCTOMYMBOTO BHA KaK rWIaBHas (LEHTpallbHAasi), TaK U BCE APYTME MHEPBUPYEMbIC OT HEE SKUIIKH UMEITH
OMYILIEHHOCTh. Y BOCHPUUMYUBBIX — ONMYLIEHHOCTh OTCYTCTBOBana (puc. 4).

OTMeueHHbIC pa3iuyus B ONYIIEHHOCTH MPUBEJIH K JAJIbHEHIIEMY U3YUEHHUIO MTOBECHHUS TJIEH HA YCTO-
WYUBBIX U BOCIIPUUMYUBBIX CbOpMHX. HHGJHOIICHI/UI 34 MOBEJACHUEM MOAOIBITHBIX HACEKOMBIX ITOKA34allH,
4YTO HA BOCHPUUMUUBBIX 00pa3yaX TIM UHTCHCHUBHO DPA3MHOXKAIUCh, A HA YCTOMYMBBIX (MMEIOLIUX
onyiieHue) Besin cedst 00ECIOKOEHO U C TPYJOM MepeBUraiuch (puc. 5).
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Fig. 2. Hairiness of leaves and stem of a susceptible variety Poukosnaya (a), of a green-flower
form (b) and of resistant species 7. ¢ymosum (c).

Fig. 3. Drops of exudation are shown by an arrow.
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Fig. 4. Hairiness of the main stem of a resistant species F. cymosum (b) and of a susceptible
one - Pozhnivnaya (a).

Fig. 5. Aphis evonymi L., on the stem of a susceptible cv. Poukosnaya (a) and of a resistant
species /. cymosum. ;

Fig. 6. Caterpillar damage to a buckwheat leaf by Autographa gamma L.
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CruneTHble KOHIBI POTOBOTO anmapaTa TIIeH 13-3a MOMeX JJIMHHbIX BOJIOCKOB B 3MUAEPMHUCE, PEXKE MPO-
HUKAIOT B TKAHM YCTOWYMBBIX PACTEHMI, YTO NPUBOAMT UX K rubenu ot mcroweHus. OHu norubanu
Takxke ObICTPO, KaK U TJIM HE MOJYy4YHBLIME MHULIH.

TakuM 00pa3oM, BbISBJICHHBIC MPU3HAKKU ONYLUIEHHOCTH OPraHOB PAaCTEHMH IPEYMXU B YCTOMYMBBIX
(hopM — SBISIOTCST MAPKEPHBIMU [IPU CEJIEKLIMM HA UMMYHHUTET K TIISIM ¥ OJHOBPEMEHHO K BHPYCAM.
13 MHOTOSITHBIX BpeJUTEJIEN B MOCIENHUE TOAbl HA IPeYUXe Haubosee pacnpoCTPaHEHHBIMH SIBIISIFOTCS
MOBPEX/CHHUs TyCeHMIaMu coBku-ramma Autographa gamma L, mensenku Gryllotalpa gryllotalpa L.,
03UMO# COBKHM Agrotis segetum L. u ap.

HaMu OTMeYeHO, UTO TYCEHUIbl COBKU-IaMMa, KOTODPbIE€ B HOYHOE BpPEMSI l'IOBpC)KI[a}OT HaCTOSIILIME
JIUCThS, BBIEJAIOT B HUX OKPYTIble AbIPOYKU (pHC. 6).

YcTon4MBBIX (DOPM IPEYMXH K 3TOMY BPENUTENIO HE BBISBJIECHO.

I'peunxa mpekpacHblil MeoHoc. E€ nmocesbl NPUBIEKAKOT MHOXKECTBO OMbUIATENCH U APYTUX MOJIE3HBIX
HACEKOMBIX-3HTOMO(ArOB, KOTOPbIEC MO-BUJUMOMY PETYIUPYIOT YUCIEHHOCTh BPENHBIX BUIOB.
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DEFENSE MECHANISM OF BUCKWHEAT AGAINST SOME PESTS

Abstract

The work presents the biology of the most widespread buckwheat pests in USSR: Chaetocnema
concinna and Aphis evonymi. Factors influencing the resistance of buckwheat species
Fagopyrum esculentum and Fagopyrum cymosum to the mentioned pests were studied. The
hairiness of the stems seems to be an important factor of resistance.
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OBRAMBNI MEHANIZMI AJDE PRED NEKATERIMI SKODLJIVCI

Izvlecek

V delu je predstavljena biologija najbolj razsirjenih Skodljivecev ajde v Sovjetski zvezi. Ta
Skodljiveca sta Chaetocnema concinna, ki spada v druZino lepenjcev in v red hroséev, ter Aphis
evonymi, ki spada v druZino listnih u8i ter red enakokrilcev. Delo vsebuje opis biologije obeh
vrst, poSkodbe, ki jih povzrocata Skodljivca, ter obrambni mehanizmi dveh vrst ajde (Fagopyrum
esculentum in Fagopyrum cymosum), s katerimi so rastline zavarovane pred napadom. Izgleda,
da so za obrambo pomembne morfolo$ke in nekatere fizioloSke oziroma biokemi¢ne lastnosti.

GOSPODARSKO POMEMBNE BOLEZNI AJDE V SOVJETSKI ZVEZI

Izvlecek

V Sovjetski zvezi so pri ajdi gospodarsko pomembne tri gliviéne bolezni (Peronospora fagopyri,
Botrytis cinerea in Ascohyta fagopyri), ena bakterijska bolezen (Pseudomonas syringae) in
virusni ozig. Simptomi teh bolezni so opisani po opazovanju avtorjev.
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O BOJIE3HAX I'PEYUXH

E. C. Anekceesa, B. K. llleBuyk
Kameneny — TITomonbCKui CeNbCKOXO3SIUCTBEHHBIM HMHCTUTYT 281900 r. Kamenen-
[Toponbckuit, XmensHukon obnactu, yin. lllesuenko 13, CXU, CCCP.

IIpencraBnensl faHHble O HaUOOJIEE PACIPOCTPAHEHHbBIX OOJIE3HSIX TPEUYUXH.

JlnuTenbHOE BpeMsl CUMTANIOCH, YTO Tpeunxa He nopaxaercs: 6onesnsimu. OfHAKO, K HACTOSIIIEMY Bpe-
MEHM Ha KYJIbTypE rpedymuxe 3apeructpupoBaHo Oonee 30-tu BozGymurenen 3aboneBanuid. K Hum
OTHOCSITCS TpuObl, GakTepuH, BUPYChbI. 3abosieBaHUS PACTEHUH TPOSIBISIOTCS B YBSJAHMM, THUIU
pacTeHuH, MSATHUCTOCTHU, XJIOPO3€ JIUCTHEB U JIP.

W3 Bo36yuTeseil rpuOHBIX 32a60/IeBaHHH HA rpeyyxe 3apeructpupoBanbl: Peronospora fagopyri Elenev,
Botrytis cinerea Fr., Ascochyta fagopyri Bres, Fusarium oxysporum (Schlecht) Snyd. et Hans., F. hete-
rosporum Fr., Phytophthora parasitica Dast., Ph. fagopyri Takimato, Erysiphe communis (Wallr.) Crev
f. fagopyri Jacz., Phyllosticta polygonorum Sacc., Ramularia fagopyri Abr. Ramularia curvula Fautr.,
Cercospora fagopyri Abram., Fusicladium fagopyri Oud., Cladosporium herbarum Lk., Sphacelotheca
fagopyri Syd. et Butl., Whetzelinia fagopyri (Hori) M. Chochr. (syn. Sclerotinia fagopyri Hori),
Hypochnus solani Pr. et Del., Puccinia fagopyri Bazel.

Bakrepnaasnsie 6ome3nn: Bacterium solanacearum Smith, Pseudomonas syringae Van. Hall., Bacte-
rium proteamaculans (Paene et Stansfield)., Xantomonas heteroceae (Wsonoh) Savulesku, Pseudomo-
nas angulata (Fromme et Murroy) Holland.

(M. K. Xoxpsakos u ap. 1984).

Bupycusre 6o.1ezan: BTM (Bupyc Tabaunoi mo3auku) — Ruga verrucosans K. Smit (1960), a Takke Bupyc
kypuaBoctu repann (Ferault A.C., 1980), 6amumnosunubii Bupyc (E. C. AnekceeBa u gp, 1988) u ap.
Bos6ynuresu 3a601eBaHUI OBPEXKIAKOT PACTEHUS TPEYHMXHU B pa3liMuHble NepHOJbI BereTauuu (Tadum I).

Fig. 1: Peronospora fagopyri Elenev on leaves (a) and spore-bearing part (b).



132

Tabnuua 1.
[IposiBneHue 3a00€BAHUN TPEYUXH MO pa3aM pa3BUTHUS

®a3u pa3BUTUS PACTCHUN TPEUUXU

NUCTHS OYyTOHM-  IBETE- 1070~
Ho. n/n Ha3paHnue 3aGoneBanum Cemsjio- Hacrosmme 3anus HUE ob6pa3zo-
JIbHBIC BaHME
1.  Ileponocnopos - + + + -
Peronospora fagopyri
2. Cepast rHUTb + = = + +
Botrytis cinerea
3. ®yszapuo3s - - - + +

Fusarium heterosporum,
Fusarium oxysporum
4.  durodTopa + - - - -
Phytophthora parasitica,
Ph. fagopyri

5. benas HOXKa B - = + o
Hypochnus solani

6.  Myunucrasi poca - - + + +
Erysiphe communis

7.  ®uInOCTUKTO3 + + + + +
Phyllosticta polygonorum

8.  Pamynsipuos - - - + +

Ramularia fagopyri,
Ramularia curvula

9.  llepkocnopos - - - + 4

Cercospora fagopyri

10.  AckoxuTo3 - — - + +
Ascochyta fagopyri

11. TIMapma - - - + o}
Fusicladium fagopyri

12. OnuBKOBas MjIeceHb — = - + +
Cladosporium herbarum

13.  Tonosus - - - - -
Sphacelotheca fagopyri

14.  CknepoTuHuO3 - - - - +
Whetzelinia fagopyri

15. bBakrepuo3s - - - + +
Pseudomonas syringae

16.  BupycHbIi 00T - - + + +
Virus

7

K naubosiee pacnpoCTpaHEHHBIM M BPEJOHOCHBIM OOJIE3HSIM B OCHOBHBIX PAalOHaX BO3[[EJIbIBAHUS
OTHOCSITCSL JIOXKHAsI MyYHUCTasl poca (EPeHOCnopo3), cepasi THUIb, ACKOXHTO3, BUPYCHBINA OXKOT, OaKTe-
puo3.

[TepBbie cBeieHUs] O MOPaXKEHMM IPEUUXH JIOKHOH My4HHCTOl pocor oTHOcsTest K 1910 r. (Ducomet V.,
1910), ona 3aperucTpupoBaHa MOBCEMECTHO B cTpaHe, a takxke B Ilombme (T. Siemaszko, 1929),
SInonun (J. Tanaka, 1934), Pymeinuu, (T. Savulesku, 1948), Cepeproit Amepuke (R. Zimmer, 1978) u
ap.

Cumnromer 6ose3Hn. Bone3nb oOHapyKuBaeTcs B (a3e HACTOSILIUX JUCThEB, HA KOTOPBIX C BEPXHEH
CTOPOHBI 0OPA3YIOTCS PACIUIBIBAYATBIE, KEJITOBATHIE MSATHA, a C HUXKHEH — PBIXJIBIA CEpO-(PHONETOBBIN
HaneT (puc la). [TopaxkeHHble LBETKH MPHOOPETAIOT KOPHUHEBYIO OKPACKY, 3acbIxaloT. Pa3BuTuio
00NIEe3HN CIOCOOCTBYET MOBLIILIEHHAS BIAXKHOCTH BO3JIyXa.

Bo30Oyaurens 3aboneBanusi — nusinni rpud Peronospora fagopyri Elenev knacca Oomycetes, nopsijika
Peronosporales. On o0pa3yeT MEXKIETOUHbIN MUILEINI, NOBEPXHOCTHOE KaHUMAIBHOE CIIOPOHOILIE-
HUE. a B TIOPaXKEHHbIX TKAHSIX 00CTIOpbl. KOHUAMEHOCIIBI pa3BeTBIICHbI JUXOTOMUUECKHU, pazmMepom 380—
500 x 8 — 12 MK, ¢ KOHIEBBIMU NMPSIMBbIMHA BETOUKaMK [1HHOM 8—16 MK (Puc 1.8). Oocnopsl apoBuHbic,
TIIaJIKUe, KOPUYHEBBIC B iMameTpe 22-25 MK.
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I[TepBruyHOE 3apa’keHHe NMPOMCXOMT NPU MOMOLIM (OCIOP, @ BTOPUIHOE (PacnpoOCTpaHEHHE BO BPEMS
BETeTAUMM PACTEHUH) — MPU MOMOLIHM KOHMAMI. WHpeKuus nepeHocnoposa coxpansercsi B opme
0O0CIIOP HA OCTAaTKaX PACTEHMH, a HHOT/A U B OOOJIOYKE CEMSIH.

BosGyauresns nepeHOCoposa rpevnxu SBAsSeTes y3KOCIEUUAaIM3MPOBAHHBIM 1aPA3UTOM.

Cepas rHHJIb TPEYNXY BIEPBbIE onucaHa Ha rpeunxe H. A. Haymosbim (1937). Ona nopaxaet rpeuuxy
BO BCEX palOHAX BO3JEJIBIBAHMS TPEUMXM M HAHOCUT 3HAUUTENIbHbIA BpE] €e noceBaM. BolbHbIE
pacrenusi otcrarot B pocre. [Torepu ypoxas gocrurator 15,6 % (M. U. Hoako, 1972).

CumitoMbl nposiBAeHUA. 3a00JIeBaHUE XapaKTEpPU3yeTcs 00pa3s0BAHUEM HA JIUCThSAX, CTEONAX U COLBE-
TUSIX 6YPLIX THUIOILIMX MSITE€H, KOTOPbIE MOKPBIBAIOTCS CEPOi TIECEHBIO U YepHbIMHU MteHKamu. Crebnu
BO BiaxHyto (Puc 2 a, B, ¢) morogy naMaroTCsi, YTO NPUBOAUT K NPEXAECBPEMEHHON THOEIN PACTEHUM.

Fig. 2: Plant damaged by botrytis cinerea Pers. and a sound plant of buckwheat (a). Botrytis
cinerea Pers. on stems (b), on leaves (c) and spore-bearing part (d).
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[1pyu mMOpa>keHUM BCXOJOB B HIXKHEH 4acTH CTeOJssl y KOPHEBOM IUEHKU U HA MOACEMSIONIBHOM KOJICHE
00pa3yroTcst OypoBaThie MSITHA, TAKUE CTEONM YTOHYAKOTCS M 3arHMBAFOT BMECTE C CEMSIIONAMM, UYTO
NPUBOJIMT K M3PEKUBAHUIO NOCEBOB. [Ipy M30bITOUHBLIX OCajKax MH(MEKIMs PACIPOCTPAHSIETCS W Ha
TJIONBI. YTO CHMXKAeT BCXOXecTh cemsiH Ha 10-15 %.

BosOynurens 3aboneBanusi — HecoBeplueHHb rpub Botrytis cinerea Fr. kmacca Fungi imperfecti,
nopsanka. — Hyphomycetales.

['pub umeeT cepo-oNuBKOBYIO TpUOHHMIYY ¥ 0Opa3yeT OOMIIbHOE KOHMAHAIBHOE CriopoHouienue. Kouu-
JIMEHOCUBI JIPEBOBU/IHbIE C NMEPETrOPOAKAMH, PA3BETBJCHHBIE C YTOIEHHBIMH OKOHYaHUsiMU. Kouuuu
SIALIEBU/IHbIE MIIM OKpyrible, onHOokIeTouHble (10-17 x 7-10 MK), (Puc 2).

I'pub pacnpocTpansieTcs KOHMAMSIMHU, a 3uMyeT B ¢hopme ckiepouueB. Pa3BuTuio 3a00j€BaHUs CIO-
COOCTBYIOT MOBBILIEHHAs! BJIAXKHOCTh, MOHMXKEHHbIE MECTA, 3aryLIEHHbIC W 3aCOPEHHBIE MMOCEBbi, OC/a-
OIEHME TPEYULIHBIX PACTEHHUI W3- 3a MOPAXKEHUS! UX JAPYTUMH OONIE3HSAMH, THOO MOJ BIMSHUEM HU3KMX
TEMIEepaTyp ¥ 3aMOPO3KOB.

Botr 'tis cinerea — MUPOKO Criequanu3upOBaHHbIi Bu. Hapsay ¢ rpeunxon OH CHIIBHO MOPaKaeT JIFOIHH,
ropox, BHKY, KamyCTy, CBEKIy M JIp. KYJbTYPHbIE U JUKOPACTYIIIHE PACTECHMUS.

AckoxuTo3. Bo3Oynurenn 3a6oneBanusi rpud Ascochyta fagopyri Bres. [TepBbie npusHaku 3a601eBans
HAOJIIOJAI0TCA B Hayajle UBeTeHUs. 3a001€BAHHIO MOJIBEPratOTCs MUCThsl. Ha BepXHEel CTOPOHE KOTOPbBIX
00pa3syroTcest SOJIbIUME OKPYIJIbIE MATHA OXPSAHO — JKEJITOrO 1[BETA C TEMHBIMU KOHLEHTPUYECKUMHU KpY-
ramu 4-10 MM B guamerpe. B 1eHTpe TakuX mATeH 3aMe4CHO GOJIBLIOE KONMYECTBO YEPHBIX TOYEK
NUKHUA. B nmuKHMpax HaXojsTCs UMIMHIPUYECKHE COTHYTbIC, GECLBETHBIE, [ABYXKJIETOUYHbIE MUKHO-
criopel (16-18 x 67 MK) (Puc 3).

Fig. 3: Ascochyta fagopyri Bres. on leaves of buckwheat (c), a picnid (a), and picnospore (b).

BonbIon Bpeji MOCEBAM I'PEUYUXU B OCHOBHBIX PAalOHAX €€ BO3/ENbIBAHUSI HAHOCUT BHPYCHBIH OXOT.
[Ipu3nakyu 3a00JI€BAHMS CTAHOBSITCA 3aMETHbIMHM B Hauase aspl OyTOHM3auuu. Pactenust orcraior B
pocre u pasButun. HabGmaromaercs: cOMMKEHNE MEXNOY3IUM, YTOMIIEHHE Y310B. B HEKOTOPBIX cryyasx
HaOmofaercss oopazoBanue 1-3 G0koBbIX nobderos. ITpoucxoaur 3achIXaHue COLBETHH, OOpa3oBaHHUE
HEJIOPa3BUTBIX MOOErOB M ILBETKOB, 3aBs3bIBAHME LIYMIbIX ceMsiH. Pa3bl OyTOHM3AUUM W 1IBETEHUs
OYeHb PACTSIHYTHI. :
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Pactenust ocrarorcs HHU3KOPOCIBIMU C HEAOPA3BUTHIMU IN'€EHEPATUBHBIMUA OpraHaMH 10 KOHIIA BETETAUUU
¥ HANIOMMHAIOTT »BEbMUHBI METJIbi«. BONE3HL MOXKET nopaxaTtb U OT[ACJIBHLIC BETKH. Hnﬂ MOJIOJIBIX
JIMCTBEB XAPAKTEPHBIM MABJISAETCA MPO3PAYHOCTL 2KHUIIOK. CTapble JIACTbsT BHE3AITHO TOKPBIBAKOTCA
HCKPOTUYCCKUMHU IISATHAMH, 34CbIXAalOT U ONMAaJaroT. OTtyero PACTCHUST KaXyTCsa Kak-0bI O6FOPCIII->IMPI

(Puc 4 a, B, Puc 5 a).

Fig. 4: Virus burn on stalk (a), on top inflorescence (b). Diseased plants in a sparse sowing (c)
and in dense one (d).
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BpeHOCHOCTh BUPYCHOTO 0XOTa MPEX/Ee BCEro MPOSBISIETCS B CHUXKEHUU BbICOThI PACTEHUN B CPaBHE-
HUU CO 310pOBBIMH Ha 36-52 %. Bone3Hp mMpUBOAMT K CIabO# 3aBA3BIBAEMOCTH IUIONOB, PE3KOMY
CHM>KEHMIO MPOJYKTUBHOCTU PACTEHM#, KOTOpasi yMeHbliaeTcss Ha 75-85 %. Takue pacrenus dpopmu-
PYIOT MJI0/ibl HU3KOTO Ka4yeCcTBa, HE MPUTOJIHBIC JIJISI UCIIOJIb30BAHUSI B KAUECTBE CEMEHHOTO MaTepuala.
Ero Bo30ypuTenem sisnsiercst 6auuiuioByanbii Bupyc (Puc 5).

Bonbiioe BiMsSiHME HAa Pa3BUTHE BUPYCHOTO OXKOra TPEYMXH OKAa3bIBAIOT CPOKH, CIOCOOBI U HOPMBI
BbIceBa. HauBbICIINI MPOLEHT GONBLHBLIX PACTeHUI HAOIIOfACTCs MPU MO3HUX (MIOHBCKHUI) CPOKaX CeBa

B Pa3peXKEHHbIX MOCEBAX.

Fig. 5: Virus burn. General view of a sound and damaged plant (a). Bacillary virus
(enlargement 60,000 x).
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baxkrepno3. IlepBbie npusHaku 0oje3HM oTMeuaroTcs B ¢dase OyroHusauuu. Ha nucteisix o6pasyrorcs
CHavaja eJJMHMYHbIE KPACHO — Oypble nsiTHa, Gosee Wi MeHee OKpyribie. B LeHTpe nsTeH 3aMeyYeHbI
GyecTsiMe MICHOYKM, KOTOPbIE MPEACTABISIOT COO0M 3KCYAaTUBHBINA HaJleT. C HUXKHEH CTOPOHBI MSATHA
KaXyTcst Kak-Obl BaaBienublie. [1o Mepe pa3Butus 3a60eBaHus MSITHA OXBATHIBAIOT BCIO JIMCTOBYIO IUIa-
cTuHKy. Jluct KopoOures, 3acbixaeT v omagaeT. MHbuuupyroTcs takxke cre6nu, hopMUpYROLIHEcs
ceMmeHa, BeTKH. Bo3bynurens 3aboneBanus 6aktepus Pseudomonas syringae Van. Hall. (Puc 6).
HenpeMeHHbIM yCIIOBUEM B MOBBIIIEHHUM YCTOMYUBOCTU IPEUUXU K 3aGOJICBaHUSIM SIBISETCS CO3[[aHHE
ONTUMAIIbHBIX YCIOBHH AJNIsI POCTA U PA3BUTHSI PACTECHHUM.

Fig. 6: Bacteriosis in buckwheat.

M3BecTHO, YTO BBICOKOKAYECTBEHHBIE CEMEHA — 3all0r CTAaOMIBHBIX BbICOKMX YPOXKAEB TPEYUXH.
Bounblioe 3Ha4eHue B MOBbILIEHUU OONE3HEYCTOMUUBOCTU TPEYUXU UMEET TIATEIbHAS! OUMCTKA U KaJlU-
OpoOBKa CeMsH. DTOT MPUIOM JIa€T BO3MOXXHOCTb YAAIUTh LIYIUIbIC, HEJIOPA3BUTHIE CEMEHA, KOTOPbIE
yaile HecyT MH(MEKUUI0 MHOTMX BO30Oygutesnei 6omesnei. KpymnHble dpakuuu ceMsH OOBIYHO JAlOT
JIPYKHBIC BCXOJbI U3 KOTOPBIX PAa3BUBAOTCS 3[]OPOBBIC MPOAYKTUBHbLIE PACTEHHUS.

B mnoBbilieHUH GOJIE3HEYCTOUYMBOCTH TI'PEYMXM HEMAJIOBAXKHYIO POJIb UIPAET INPOTPEBAHUE CEMSH
(IT. B. IMTak, 1973, 1980). DTOT METOA WIHMPOKO NPUMEHSAETCS B CEMEHOBOJCTBE B OOpPLOE C MbUIBHOU
FOJIOBHEH IITCHUIIBI, StYMEHsT U Ipyrux KyaeTyp. ITo maraemv M. Y. Nopko (1972) u3 nporpeTsix ceMsiH
(B Bojte npu Temneparype 50° B TeyeHHn 2 4acoB), MOPAXKaeMOCTb PACTEHUI CEPON THUIIBIO CHH3UIIACh
B 2,7 pa3za, ypoxai nosbicuiicst Ha 2,1 n/ra.

OnHOM M3 NPUYMH MOPAKAEMOCTH I'PeUnuxd OOJE3HSIMH SBISETCS pa3MElLIeHWe €€ TMOCNe CIy4alHbIX
3aCOPEHHBIX MPEILIECCTBEHHUKOB U BbIPALIMBAHUE TIO NPUMUTUBHON arpoTEXHUKE.

[Tocne npeaecTBEeHHUKOB, KOTOPBIE OCTABINSIFOT MOYBY 3aCOPEHHOM, IPEYUXa Pe3KO CHUXKAET ypoXKaW,
XOTSI B MEPBOU MOJIOBUHE CBOETO PA3BUTUSI OHA »MOJIaBisieT« COpHsiKM. OJIHAKO, B MEPUOJI MACCOBOTO
[BETEHMSI, @ TaKXe MOOYPEeHHUs IUIOJOB POCT PACTEHHH NMPUOCTAHABIUBAETCS, & COPHSIKH WHTEHCHBHO
pacTyT, UCIOJIL3Ysl 3aachl BJIArH ¥ 3JIEMEHTHI IUTAHHUS U3 TOYBBI, ONEepesKas B POCTE€ PACTEHUS TPEYUXU
1 3aTeHsist ux. Bee 370 B 00JIBLION CTENEHU YXY/IIIAET CONPOTUBIIIEMOCTh TPEUNXM K KOMIUIEKCY 3a060-
nesauuit. [To manaeiM A. H. Anoxuna, Y. . Moako (1973) npu noceBe rpednxu CIUIOMIHBIM COCOO0M
B TpeTel jekaje Mmas ee pacreHusi (6e3 MPOMONKH COPHSKOB) ObUIM MOPAXKEHBI CEPOM THUIBIO M
BUPYCHBIM 0X0rom Ha 15,9 %, a ¢ npononko#n Ha 10,8 %. IIpu mupoxkopsifHOM crocobe moceBa Ynucio
COPHSIKOB ObIII0 HAMHOTO HMKE, M MOPAXKaeMOCTh COOTBETCTBEHHO coctasnsina 7,8 % u 6,3 %. Heko-
TOPbIE COPHSIKH SIBISAIOTCS Pe3epBATOPaMU BO30YAUTESl BAPYCHOTO OXKOra rpeuuxu, Hanpumep P. con-
volvulus.
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Bosibliyi0 poJib B MOPaXKaeMOCTH PACTEHUI M MHTEHCUBHOCTH Pa3BUTHsL OOJIE3HEN UIPAIOT IKOJIOTHYEC-
KHE YCJIOBHSI, OCOOEHHOCTH B3aMMOOTHOIIEHUH PCTEHHH, YTO B EPBYIO OYEPEbL OOYCIABIMBAETCS CPO-
KamMu, crmocob6amMu ¥ HOPMaMM BBICEBA, M CYMTAETCs OJHUM M3 CaMbIX 3HAYUTEJILHBLIX PE3EPBOB
[OBBILLIEHUS] YPO3Kasi. .
B 3aBUCHMOCTH OT CPOKOB NOCEBA BOCIPUUMYUBOCTD I'PEYMXU K BUDYCHOMY OXKOTY Obla HE OIMHAKOBOM
(tabn. 2). PacTeHuss panHMX CpPOKOB ceBa (ampenb, Mai) HE3HAYMTEIBHO MOPAaXKaIUCh BHUPYCHBIM
0XOTOM MO CpaBHEHMIO C MO3aHUMHU. HaumHasi ¢ mociefHed AeKaabl Mas U IO KOHIA MIOJIs Mopaxae-
MOCTh Bo3pocTana. [Ipuuem, y rpeunxu tatapckoit oHa gocrurana 100 %.

Ha BOCIIpHUMUMBOCTD TPEUUXH K BUPYCHOMY OKOTY OOJIBLIOE BIMSIHUE OKa3bIBAET U I'YCTOTA CTOSHHUS.
[Tpu CIUIOUIHBIX MOCEBAX MOPa’KaeMOCTh IPEUYUXU BUPYCHBIM OXOroM Obljla B 4eThbIpe pas3a OOJblIEH B
CPaBHCHUH C UIMPOKOPSAHBIM, YTO MOXKHO OOBSCHMTH JydlUEH aspauuer, OONbLIEH IUIOMAbLIO
NMTAHUSI, XOPOIIMM PA3BUTHEM PACTCHUI HA LUMPOKOPSIIHBIX MOCEBAX M0 CPABHEHUIO CO CILIOLIHBIMH.
Haubonbirero ke pa3BUTUS BUPYCHBIA OXKOT JOCTUTAET MPU MIONBCKUX HIMPOKOPSIHBIX IMOCEBAX C
MOHMXKEHHBIMK HOpMaMu BbiceBa (Puc 4 ¢, a). DTu paHHbIe NOATBEpXKAAlOT uccnenosanust A. H. Ano-
xuna, U. K. Uopxko (1973), C. ®. Cugoposoii (1965), A. C. Kporosa (1979) u np.

Tabnuua 2

[TopaxkaeMOCTh TPEYMXU BUPYCHBIM OKOTOM IPH Pa3sHbIX CPOKax ceBa, % (cpeaHee 3a
3 rona).

F. esculentum F. tataricum
Mecsnbl Iexkapmsl
I 11 111 I II 111
Anpenb - - 0,8 - - 2,5
Mawn 0,0 0,7 0,7 34 1,4 35,9
HroHb 18,8 15,9 22,4 100,0 100,0 100,0
Hronb 20,4 19,4 17,6 43,5 31,2 435
ABrycT 6,8 0,0 0,0 18,8 0,0 0,0

A. H. Anoxun u 1. 1. MogkO Ha OCHOBAHMM MHOTOJIETHUX MUCCIIEJOBAHUNA NIPEAIIOJIATAkOT, YTO CTENEHD
3a60JIeBAEMOCTH BUPYCHBIMH OOJIE3HSIMM TPEYUXH CBSi3aHa C IEPUOIOM MaKCHMMalbHOHM COJIHEYHOH
AKTHBHOCTH B OJMHAJUATHICTHEM LMKJIIE. DTy runore3y (O BIMSHUU COJHEYHON aKTMBHOCTH B 11-ner-
HEM LHMKJI€) Ha paCIpOCTPAHEHME BHUPYCHbIX 3a00JEBaHMIM HA [PYIrUMX KyJIbTypax BbIABHIAIOT
A. JI. Yexesckuit u 10. T'. llunuuna (1969).

Bonbiioe BAusiHMEe OKAa3bIBAIOT CIOCOOBI MOCEBAa MU HOPMBI BBICEBA M HA pa3BUTHE TAaKOW OONE3HH
IPEYMXM KaK cepasi THUIb. )

Hccnenosanusi . Y. Mopko (1972) nokassIBaloT, 4TO MOPAXKaeMOCTh CEPO THUIIBIO B LIUPOKOPSIHBIX
nocesBax 6w1na B 1,5-2,0 pa3a MeHblIE, YEM B CIUIOLIHBIX.

Cnepyer TakXke OTMETHTh M TOT (PaKT, YTO C NOBBIIIEHUEM HOPMBI BbICEBA MOPAXKAEMOCTH CEPOH
THUIIBIO YBEJIMUMBAETCS: NPU CIUioHoM noceBe ¢ HB = 3,5 MiH. 3epeH Ha ra nopaxaeMoCTb BCXOJOB
cocrasnsia 27,7 %, npu HopMme 4,5 mun/ra ona Bospocna o 40,9 %. 3To cBA3aHO ¢ OCOOEHHOCTAMU
MHKPOKJIMMATA. Y CTAaHOBIEHO, 4TO B. cinerea Pers. Xopou10 pa3BuBaeTCs NPU NOBBIILIEHHON BJIAXKHOCTH
BO3JlyXa M HEIOCTATKE CBeTa. B IIMPOKOPSANHBIX MOCEBAX CO3[AIOTCS JIyYlLUE YCIOBUS JiIst o0orpesa u
OCBELIEHHOCTH PAcTeHU#, ObICTPON UCMAPAaEMOCTH BJArd ¢ MX MOBEPXHOCTH, YTO CHUXKAECT UHTCHCUB-
HOCTb Pa3BUTHUSI OOJIE3HEN.

B03MOXHOCTb UCINOJIb30BAaHUS YAOOPEHUI C LEJIbIO TOBBIIIEHUS YCTOMUYMBOCTH PACTEHMH K BPEJHBIM
naroreHam Obuta gokasana T. [I. CrpaxosbiM (1956). OH ycTaHOBUI, YTO PEryNUPYsl PEXKUM MUTAHUS
pacTeHui, MOXKHO U3MEHUTh YCTOWYMBOCTh MX K TOMY MM MHOMY 3a00JIEBAHUIO.

Bonpoc ponu ygoOpenuii B 601€3HEYCTPONIMBOCTH TPEUUXU U3Y4€eH Mano. Halu onbIThl NPOBE/IEHHbIE
B OECCMEHHOW KYJIbTYPE MO U3YYEHHMIO BIUSHUS Pa3HbIX 103 MUHEPANIbHBIX YIOOPEHHUH Ha yCTONYUBOCTh
pACTEHHUI TPEUYUXU K CEPOM THUJIM MOKAa3ajlu, YTO NOPa)KaeMOCThb 3TUM BO30YIMTEJIEM COIJIaCyeTcs ¢
10301 U COOTHOLLEHHEM 3NIEMEHTOB IUTaHus (Tadn 3).
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Tabnuna 3

[TopaxkaeMOCTh rpeunsu copTa BUkTOpUs BO30OYAUTENEM CEPOU THUIU B OECCMEHHOM
KYJIbTYyp€ Ha pa3HbIX (POHAX MMHEPAJBHOTO IUTAHUS.

Bapuaunrtsl ITopaxaem. pacrenui, %

1980 1981 Cpennee
KounTpous (6e3 ynobpenuit 7,0 6,6 6.8
N 60760% 60 24,5 15,5 20,0
N 120760% 60 54,8 27,8 41,3
N 60°60% 60 32,7 21,5 27,1
N 70P60%120 28,1 32,1 30,4

Hausbiciiasi mnopa)xaeMOCTb CEPOM FHMIIBIO HAaOJIIO/la1aCh B BADUAHTE IJI€ MCIIbIThIBANACh ABOMHAS 034
asora. JIBo#Hasi m03a KaJMHHBIX yHnoOpeHu#t ysenuuwmna 3aboneBaemMoctbh Ha 10,4 % B cpaBHEHMHU C
N 40760¥60, a doctopHbIX 3aHUMAET MPOMEKYTOYHOE MONOKEHHE.

C. ®. Cupoposa (1965) ycranoBuna, 4to ¢ochopHbie yNOOPEHUs JAIOT BLICOKUH MPOLEHT MOPaKEHUS
pacTeHul BO3OYAUTENEM CEPOU THUIIHU.

[ononnurenbHoe BHeceHHE (HOCHOPHBIX yIOOpPEHUH B KOMOMHAIMY C KAJIUMHBIMU NTOYTH HE U3MEHSIOT
KuptuHbl. Ho korga kK aTuM ynoOpeHusiM J00aBHIIMCH a30THBIE, MPOLEHT MOPAXKEHUS PacTEHUH CHU-
3uics B 1,5 pasa.

ITo uccrn poBanusiv W. U. HMonko (1972) xopomune pe3ynbTaThl gaeT 06pabOTKa CEMSIH TPEYUXH PacT-
BOPOM MOJIMOIEHOBOKUCIOTO aMOHUSI, YTO CMIOCOOCTBYET MOBBILIEHUIO YCTOMYMBOCTH FPEYUXHU K CEPOM
rHuaM Goslee yem B 2 paza. A NpHM BHECEHMM MHHepanbHbIX ypoopennit N 40740%40 no ¢omy pono-
MHUTOBOH MYKH [OPa)KaeMOCTb BO30OyquTeNeM cepoit rHuin coctaBuna 3,5 % mnportuB 6,5 % Ha KOH-
Tpoe.
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ECONOMICALLY IMPORTANT BUCKWHEAT DISEASES IN USSR

Abstract

Diseases of some importance in buckwheat in the Soviet Union include three fungal diseases
(Peronospora  fagopyri, Botrytis cinerea and Ascohyta fagopyri), one bacterial disease
(Pseudomonas syringae) and Virus burn. Symptoms of these diseases are described based on our
own observations. '
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Bausnue MuBana n Kpezanuna na mopgosiornyeckne npu3Haku, ypoxxau
COJIOMBI W 3epHa, a TaKXe cofep)KaHWe O0elkKa M ero aMHHOKHCJIOTHOM
coctras B 3epHe rpeqyuxu (Fagopyrum esculentum Moench).

M. By6uu, K. Maescku
Kadenpa obweit xumuu
Cenbckoxo3sicTBeHHas akajgemus B Jlroonune, ITonblua

. ks
WHCTUTYT 4aCTHOTO pacTEHUEBOJICTBA
Cenbckoxo3ssiiicTBeHHast akagemus B JIroomune, Ionpia

Beenenue

XoTs, rpeuyuxa B MUPOBOM 3EMJIEJIEJIUU HE MUMCEET LIMPOKOTO PAaCpOCTPAHUEHUS, TUIOMIAH MoceBa eé
3aHuMaroT 6onboit apean B [Tonbire u CCCP (7). B cBsi3u C BHICOKMM COJIEPKAHUEM B IIIOAAX LEHHBIX
MUTATebHBIX BELIECTB (BBICOKO KauecTBeHHH Geniky (2,8) rpeunxa siBiasieTcs NPeMeTOM UCCIIEe0BaAHMI
MHOTHX Y4€HbIX (3,4 5,8). BO3MOXHOCTH IIMPOKOTO MCIOIb30BAHUS 3€PHA, COJIOMBI, @ TAKXKE 3€JICHBIX
PAcTeHM¥ B MUTAHM JIOfEH U KUBOTHLIX (1,0) co3maeT CTUMYI JIsl IPOBEJEHUST UCCEJOBAHMI HAJl STOM
KyabTypoi. OfHOH U3 BO3MOXHOCTEH YBEJIMUEHHUS YpOXKAs TPEUUXH M YIYULUCHHS €ro Ka4yecTBa
SIBIISIETCS] TIOUCK U IPUMEHEHHE COOTBETCTBYIOLIMX PEryisiTOpoB pocta pactenuid. O6 3TOM HarisitHO
CBUJIETENILCTBYIOT pabOTHI, MOSIBIsiIOIMECS B ocnegHee Bpems (9, 10).

Marepunan U MeTo/Ibl MCCIeIOBaHHKI

B pamkax cotygHuuecTBa B KOMIIIEKCHON nporpaMMe HayyHO — TEXHUYECKOTO PA3BUTHSI CTPAH-UJICHOB
CDB no reme 5.1.2.3: »PazpaboTka TEXHOIOTMK IPUMEHEHUI PETYISTOPOB POCTA PACTEHUI« B C/X aKa-
aemumn B JIr0ONMHE NMPOBENM U3YUEHUE BIIMSHUSI HA TPEYUXY [IBYX HOBBIX CHHTETHUECKUX PETYJIsSTOPOB
pocta — MuBana n Kpesaupinbl, co3anibix B CCCP. AKTUBHBIM BEIIECTBOM npenapata MuBain siBieTcs
[-xnopmeruncunarpan, Kpesauun xe — 3T0 TpU3TaHONOAMHUHOBAsI COJIb KPE30KCHYKCYCHOH KHUCIIOTHI.
CemeHa rpeyuxu HaMa4ynuBaJIKUCh B BOJIHBIX PACTBOPAX UCCIEyeMbIX BEIECTB B 3 KOHIeHTpauusx. Cxema’
OMbITA CIEAYIOLIHS:

Bapwuaur Perynsitop pocra Kouuentpauus (Mr/am’)
Combination Growth regulator Concentration (mg/dm?)
1 Cyxue ceMeHa KOHTPOJTb
No soaking control
2 Hawmouennsie B Bosie KOHTPOJIb
Soaking in water control
3 Musan 200
Mival
4 Mugan 500
Mival
5 Musan 1090
Mival
6 Kpesaubiu 10
Krezacyne
7 Kpesaups 25
Krezacyne
8 Kpesaibin 50

Krezacyne
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MenKoaensiHOUHbIN ONBIT ObLI MPOBE/ICH B yuxo3e ¢enut. [Jo nocesa Ha y4yacTKe BHECIIH MUHEPaAJIbHbIE
ynoopenust B kosmmdecte 60 kr N, 80 kr P,0s u 10 kr K,0/ra. B nepuop Beretanuu Hadntoganu 3a gazamu
pocra u pa3BuTusi pacteHun rpeduxu. C Kaxkjion aensiikd Ha 10 3pesbIX pacTeHUsX OMPEEeIuIn JIuHY
HAJ3EMHOM YaCTH PACTEHUI, YUCIIO MEXKIOY3JIUi, BETOK, COLIBETHH, a TAKXKE YHUCIIO U Maccy cOPMUPOB-
AHHBIX CEMsIH. YUYMTBIBAIM YPOXKai 3epHA U cONOMbI, a Takxke Maccy 1000 3epen. B 3epue onpenenuiu
obiee copepkanue 6enka Ha mpubope Kbenb-pocc. Ilposenu, Takxke, aHanu3 aMHHOKMCIOTHOTO
cocTaBa Oesika METOJIOM KOJIOHKOBOW MOHOOOMEHHOH Xpomartorpacduu B aHanuszatope tuna AA 881.
PesynbTaTel GMOMETPUUECKOIO AHAIM3A M YPOXKAWHOCTh 00padoOTani CTATHCTUYECKH, MOACUMUTHBAs
NOBEpUTENbHBIE monynpegeanl Takes.

O06cyxaenne pe3yabTaToOB

O6paboTka ceMsH rpe4yuxy npenapatamu Musan u Kpesaupis He oka3ana 60JbLIEro BiIMsiHUs Ha (asbl
pasButus pactenui. Ha Bcex BapuaHTax onblTa CpPOKM BCXOJOB, (POPMUPOBAHUSI MEPBOH MaphbI
HACTOSILLMX JIMCThEB, 0Opa3oBaHie OOKOBBIX NMOOETOB, UBETEHUS U CO3PEBAHUS ObLTH COMUKEHBI.
[ToMumMO OTCYCTBUSI B OMOMETPHUU CYUICCTBEHHBLIX CTAaTUCTUYECKU PA3IMUYUi YIAIOCh 3aMETHT HEKO-
TOPbIE U3MEHEHUS 110/] BIMSHUEM NPUMEHEHHBIX PEryasiTopoB (Tadum. 1). MuBam B BBICOKMX KOHIICHTPA-
musix (500 u 1000 mr/m) ObI3Ba CHUXKEHUE BbICOThI PACTEHUI TPEUMXHU, 3aTO JOBOJIBHO OTUYETIUBO CIIO-
COOCTBOBAI YBETMUEHUIO Uncaa BeTOK. OUeBUIHO, B 3TOM MPOSIBUIICH peTapAaHIMOHHbINA 3¢dekT. O6a
PEryasiTopbl POCTa OKa3ajiu OTPULATEIBHOE BIMSHME HA YUCIO U Maccy cpOpPMHPOBAHHBIX CEMSIH, B
CPaBHEHUIO C KOHTPOJIOM 2 (ceMeHa 3aMOYEHHbIC B YKCTON Bofe). CHUKEHHE MAacChl M YMC/IA CEMsH
Ob110 HAROOABLIMM IIPH BbICOKUX KOHLEHTPALMSX NperapaToB. Y poxan 3epHa u conoMbl U Macca 1000
3€peH OTIMYANIUCh APYT OT JIpyra CTaTUCTUUYECKHU HECyIeCTBEHHO (Tadu. 2). MOXHO 3aMETUT MOJIE3HOE
BJMsIHME Ha ypoxKal 3epHa npenapara KpesaubiHa, IpMMEHEHHOTO B HUCKOH KOHIEHTpauuy (BapuaHT
6). Bo Bcex BapuaHTax ONbITa OTMEYEHO CHIDKEHHME YPOXKasi COJIOMBI 110 CPABHEHHIO C KOHTpOJieM 2.
J10BONBLHO OTUeTIMBOE MOHMKeHHe Macchl 1000 3epen BbI3Bain 06a npenapara, IPUMEHEHHbIE B BBICO-
KHMX KOHIIEHTPAHUSIX.

Copep:kanue 061ero 6enka B 3¢pHe IPEYNXH BO BCEX BapUaHTaxX OMbITa Kojebanoch B npejenax 12.75—
13.35% (tabn. 3), npuyeM MeHbIIIE BCETO ObLIO ero B 3epHe Ha KouTpoJie 1 (cyxue cemena). Heckonbko
60JIbllI€ 3TOrO LEHHOTO BEleCcTBa ObUIO B IUIO/IaX PACTEHUH, BBIPAIICHHBIX MOJ BIUsSHHEM MuBana u
KpesaubiHa B BICOKMX KOHLCHTpALMSIX — BapuaHThl 4,5, a Takke 7 u 8.

Perynaropsi pocta MoguduIMpoBanu copepKaHue aMUHOKHUCIIOT B GeJIKE CEMsIH TPEYHMXU, XOTS 3TO HE
ObLIM KPYNHbIE KOJMYECTBEHHblE M3MeHenus (Tadn. 3). Oba mpemapaTa B BBICOKMX KOHLEHTPALMSX
MOHU3WIINA COJIEPKAHUE JIM3MHA M arPUHUHA, A TAKKE TTIOTAMMHUBON KUCIOTBI, YTO CJEYeT CYECTHTh
HEONAronpusiTHbIM JICHCTBUEM. 3aTO MOBBILIEHHE CONEPXKAHMS TAKUX 3K30T€HHBIX AMHHOKMCIIOT, Kak
JICHLIMH, U30JIEMLMH, UUCTEUH U METHOHHH, OTMEUYEHHOE B OejiKe 3epHa IPeYMXU IO BO3IEHUCTBHEM
Munasa u KpesaupiHa B BbICOKUX KOHILEHTPALMSIX, SIBJISETCS, HECOMHCHHO, TMOJIOXUTENbHBIM (hakTo-
pom. B 001em u3MeHeHHe KOHIEHTPALMKM aMUHOKHUCIOT HOCUT TIOJIOKHUTEIHbIN XapakTep, Ha YTO yKas-
bIBatOT BenuuuHbl nokaszarenein MHAK nns 6enka 3epen rpeunxu ¢ BapuaHToB 4,5,7 1 8 o cpaBHEHUIO
C KOHTpOJIEM — 2.

BriBoabi

Ha ocHOBe MONYyUEHHBIX PE3yNTATOB MOXHO CHEIATh CIAEHYIOUUE BbIBOMbI.

1) mpemapatsr Musan u Kpe3sauu, npuMeHeHHbIE 15l 3aMaYUBaHUs CEMSH TPEYUXHU, HE BIISIOT CYIIECT-
BEHHbIM 00pa30M Ha hpa3bl Pa3BUTHUS PACTCHUS,

2) MOpOTOTHYECKUE TIPU3HAKH CIIEJIbIX PACTCHUI IPEUNXH U3MEHSIIUCH HE3HAUUTENBLHO O] BIUSTHUEM
MPUMEHEHHBIX PEryJsiTOpOB,

3) uccnenyemble npenapaThl HE NIOKA3ay MOJE3HOTO BIUSIHUS HA Pa3MepPbl YPOXKAEB 3€PHA U COJIOMBI,
a takxe MT3,

4) OBOJILHO BBICOKOE COEpKaHME GeNKa B 3epHe rPeUMXH MOIU(MULIUPOBAIOCH B HE3HAYUTEIILHOM CTe-
neHu Musanom u Kpesausinom,

5) cymMMapHble H3MEHEHs COjIeP>KaHUsI AMHHOKHUCIIOT B GEJIKe, BbI3BAHHBIE PETYISTOPAMb POCTA, HOCUIIU
MOJIOKUTENLHBIA XapakTep, COAECPXkKAHUE MHOTUX aMUHOKHUCIOT (M30JIeHIMHA, JICHIUHA, BaJIMHA,
LMUCTEMHA) YBEJIMYMIOCH,

6) Ha OCHOBE IMOJYYEHHBIX PE3yJIbTATOB HEJNb3s €l CJIe/aTh OJHO3HAYHBIX BBHIBOJOB OTHOCUTENbHO
NEPCIEKTUB PUMEHEHUs npenapaToB Musan u Kpesausin and 3aMauuBaHus CEMSIH TPEUUXH.
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TAB. 1: PesynbraTbl OMOMETPUYECKOTO AHANM3d PACTEHUH TPEYUXH.
Results of biometric measurements of buckwheat plants.

Homep Boicora Yucno Yucno Yucno Yucno ceMsiH Macca cemsin
KOMOHHAIH pacTeHui MEXKI0Y 3T Pa3BeTBICHUN coLBeTH chOPMHUPOBAHHBIX  C(DOPMHPOBAHHBIX
Plants Number of Number of Number of Number of Mass of
Combination heigh (cm) internodes branchings racemes seeds seeds (g)
1 74,1 7.8 1.6 7,2 48.6 1.36
2 73,0 7.4 1,5 7,0 60,2 1,82
3 74,2 8.0 1.9 7.9 51,9 1,54
4 72,5 7.4 2,0 6.9 52,7 1,72
5 70,2 73 1.9 7.7 46,2 1,50
6 75.1 8.0 1.6 7.8 56,1 1,59
7 72,5 8.1 1.4 6.8 58.4 1,69
8 75,7 7.9 1.8 7.1 54,7 1,43
P
HC 0,05 - - 3 L - 1l
LSD
AHHOTALHSA

HceeloBaHO BO3/ECHCTBHE JIBYX HOBBIX PeryisiTopos pocta — Muana u Kpesauuna na rpeuunxy. Ycra-
HOBJICHO, 4TO MPEHapaThl HC OKA3BIBAIOT BIWSIHUS HA MMPOXOXJIeHUE (Da3 PABUTUS PACTEHUH I'PEUNXH.
He 3amMeueHO TaKXKe CTATHCTMUYCCKMX pasinuuii B Guomerpuu. OGa perynsTopbl CHU3MIH YpOXKau
coaoMbl, a KpesaluH B HUCKOH KOHLUEHTPALMU HECKOJIBLKO MOBBLICHI YPOXKal 3epHa.

Musan n Kpesaunna HE OKa3aId CYLIECTBEHHOTO BIMSHUS HA COJEpXKaHUE OElIKa B 3E€PHE I'PEUUXM,
OJIHAKO, W3MECHUIIM KOJIMUECTBCHHbBIE COOTHOLICHHS! 3K30T€HHBIX aMUHOKMCIIOT, MOBbILLIAS COJIEPXKAHUE
M30JIEALMHA, JTEHLMHA, BATMHA, METUOHMHA, LIMCTEUHA W MMOHMXKAS — JIM3UHA U apIMHUHA.
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TAB. 2: Bnusinue perynsTopoB pocTa Ha ypoxkai 3epHa ¥ cosioMbl (T/ra) u Maccy Thicsiuu 3epH — MT3

(r)

Effect of growth regulators on seed and straw yield (t/ha) and on mass of thousand seeds (MTS in g).

Komounanus 3epHo Conoma MT3
Combination Grain Straw MTS
1 1,62 4,70 27,7
2 1,80 5,97 27,9
3 1,86 5,82 28,2
4 1,79 5,41 28,0
5 1,78 5,59 26,2
6 1,94 5,49 27,4
7 1,73 552 26,9
8 1,70 537 26,0
HCPO’05 o o o
LSD

TAB. 3: Copepxanune obuero 6enka (%H -6,25) u ero aMHHOKHCIOTHOM COCTaB B 3€PHE IPEYMXU

(r/100 r 6enka).

Content of crude protein (%N x 6.25) and aminoacid composition of buckwheat grain (g/100 g protein).

Kombunanus 1 2 3 4 5 7 8
Crude protein

12,75 13,15 13,05 13,35 13,30 13,25 13,25
O6mwmn 6e10K
JIu3ux Lys 6,27 6,21 6,32 5,55 5,10 5,57 5,40
ApruvuH Arg 6,11 5,50 5,52 5,09 5,20 5,35 5,18
Uzonenuun  Ileu 3,21 2,89 2,90 3,37 3,68 3,72 3,51
Jenuuu Leu 5,81 5,72 5,36 5,94 6,18 6,21 6,08
®denunananun Phe 3,99 4,32 4,00 4,20 4,31 4,19 4,42
Tpeonun Thre 3,61 3,67 3,60 3,76 3,12 3,82 3,55
CepuH Ser 6,82 6,65 6,47 7,22 6,35 6,98 6,71
I'nunuH Gly 4,79 5,51 4,35 5,70 5,83 5,62 5,23
Banun Val 3,82 3,82 3,92 4,58 4,19 4,35 4,10
Ana"ug Ala 2,80 2.,/51 3,02 4,13 3,81 3,76 3,62
Lucreun Cys 3,48 3,10 3,15 3,28 3,61 3,46 3,01
MeTuouux Met 3,69 3,16 2,70 4,03 3,82 3,76 3,89
AcnaparuHoBasi
KUCIOTa Asp 9,30 8,94 9,57 9,12 9,40 9,46 9,32
ITponux Pro 5:35 5:27 5,36 4,42 5,41 4,48 4,69
I'nyramunoBas ‘
KUCJIOTA Glu 15,73 16,09 15,14 14,22 14,14 14,32 13,88
MHAK
EAAI 82,11 78,46 76,20 82,74 81,44 84,07 81,07
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Wplyw Miwatu i Krezacyny na cechy morfologiczne, plon sfomy i ziarna, oraz na
zawartos¢ bialka i jego sktad aminokwasowy w ziarnie gryki (Fagopyrum esculentum
Moench).

M. Bubicz, K. Majewski, J. Szklarz

Akademia Rolnicza, Lublin, ul. Akademicka 13, Polska

Streszczenie

Badano wptyw dwdéch nowych regulatoréw wzrostu — Miwatu i Krezacyny na gryke. Zastospwanie tygh
preparatow nie miato wplywu na przebieg faz rozwojowych roslin, nie réznicowafo réwn}cg wyraime
cech biometrycznych. Oba regutatory obnizyly plon sfomy, a Krezacyna zastosowana W najnizszej kon-
centracji podniosla nieco plon ziarna. N
Miwal i Krezacyna nie wptynety istotnie na zawartos¢ biatka ale zmienity w nim wyraznie stosunki ilos-
ciowe aminokwaséw egzogennych — wzrosta zawartos¢ izoleucyny, leucyny, waliny, metioniny i cysteiny,
a zmniejszyta si¢ zawartosc¢ lizyny i argininy.

VPLIV MIVALA IN KREZACINA NA RAST IN RAZVOJ RASTLIN AJDE, NA PRIDELEK
SLAME IN ZRNJA IN NA KEMICNO SESTAVO.

Izvlecek

Raziskovan je bil vpliv Mivala in Krezacina, dveh novih regulatorjev rasti. Avtorji niso mogli
ugotoviti znacilnega vpliva omenjenih regulatorjev rasti na rast in razvoj ajde, je pa nastala
dolo¢ena sprememba aminokislinske sestave beljakovnih zrn.

The influence of Mival and Krezacyne on the morphological features, straw and grain yield and

protein content and its amino-acid composition in buckwheat grain (Fagopyrum esculentum
Moench)

Summary

The influence of two new growth regulators - Mival and Krezacyne on buckwheat were
studied.

The application of these preparations had no influence on the progress of plant growth
phases and caused no obvious differences in the biological features. Both regulators decreased
the yield of straw and Krezacyne used at the lowest concentration slightly increased the grain
yield. Mival and Krezacyne did not substantially influence the crude protein content, but
changed considerably the exogenic amino-acid ratios - the content of isoleucine, leucine, valine,
methionine and cysteine was increased and the content of lysine and arginine decreased.
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M3MeHYNBOCTH AaKTHBHOCTH ()JIAaBOHOJIOKCHA3bl B Pa3HBIX OPraHax TeTpa-
IUIOMTHOM TFpPeYHuXH MOCEBHOH.

JI. A. [doBxenko, . B. AnekceeBa
Hucrutyt 6uonorun passutus umenn H. K. Konsnosa AH CCCP. 117808 Mocksa, Basunosa, 26.

T. A. XKanaesa, U. E. Jlob6anoBa

Hentpanbubiit Cubupckuit 6otanuyeckuit cag Cubupckoro otmenenuss AH CCCP. 630090 Hosocu-
6upck, 90, 3onorogonunckas, 101.

Krouessie cioBa: (h1aBOHOH/bI, OHTOTE€HE3, aBTO(MEPTUILHOCTb.
Key words: flavonoids, ontogeny, autofertility.

Beenenue

I'peunxa sBISETCS OJIHUM U3 GOraThIX HCTOYHUKOB PACTUTENBHBIX (DEHOJIOB U, B YaCTHOCTH, (HIITaBOHOMU-
J0B, — OPTraHUYECKUX COCIUHEHHUH, CPEeAH KOTOPBIX BBIIENIEHO MHOTO BELIECTB, MMEIOIUMX MUIUEBOE M
JeKapCcTBEHHOE 3HauyeHue ais yenoseka (1). M3 sTux BeumecTB HaubOJiee M3BECTEH PYTHUH, U3YYEHUE
KOTOPOTO 3aBEPUIMIIOCH Pa3pabOTKON PeryiaMeHTOB €ro BoieseHust u3 rpeuux (2, 3). OgHako B faHHOM
CTaThe MbI XOTUM IIPUBJIEYb BHUMaHUE K (hJITABOHOUJAM I'PEYUXH B IPYTOM aCIEKTE: C TOYKHU 3PEHHsI UX
3HAYMMOCTH B OHTOTE€HE3€ IPEYMXU U UX CBS3U C (DYHKIHMOHUPOBAHMEM CHCTEMBI pasMHOXeHHs (4-8).

HenaBHO y rpeuyuxu ObLT BBIIEJIEH W ONMUCAH (PEPMEHT, HA3BAHHBIN (DIIABOHOJOKCHIA30M, CIOCOOHBIN
OKHUCTISITh (PTABOHOJIBI B OTCYTCTBUE NepekucH Bogopoaa (8, 9). Beulo nokaszaHo, 4TO B OTJIMYME OT
NEePOKCUasbl, LIMPOKO PpACIPOCTPAHEHHONW B PACTEHMSIX M KaTAJIM3MPYIOMIEH OKHUCICHHE MHOTHX
(beHONBHBIX coeguHEeHnH (PIaBOHOINBI, (PIIABOHBI, XaNKOHBI U JIP.), (PIIaBOHOJIOKCHIa3a rPpeYnuxu 06Jia-
JlaeT y3KOW CyOCTpaTHOM CreuuUYHOCTBIO: OHA OKHCISET TOJNBKO (PIaBOHOJIBI, HE3aMEIlEHHbIE B
nonoxenun C; u umerone HesameleHuslie 3', 4’ — THOKCUTpYNIUPOBKY B KoJble B. [Ipu aTom ypo-
BEHb aKTUBHOCTH (hi1aBOHOIOKCHAA3bI (APO) 3HAYUTENBHO HIXKE U 6OJIEe COOTBETCTBYET HOPMAJIbHBIM
(PHU3MONOrMYECKUM NPOIECCaM, 10 CPAaBHEHUIO C OYEHb BBICOKMM YPOBHEM AKTHMBHOCTH MEPOKCHIA3bI.
Huskuit yposenb APO B pacTeHusix u y3Kasi cybcTpaTHasi ClelU(PUIHOCTD (hIIaBOHOJIOKCHA3BI MO3BO-
JIWJIM aBTOPaM IMPEAINONONKUTL 6OJIee BEPOATHOE, 10 CPABHEHUIO C MEPOKCUAA30H, ydacTHe 3TOro dep-
MeHTa B MeTabonu3Me hbJaBOHOJNOB B HOPMAaNbHbIX (PU3UOJIOTHYECKHX YCIOBHUSIX. ABTOPBI MPEMAMNO-
JIOXKUJIY TaK>Ke CYyHIECTBEHHOE y4acTue (pIaBOHOJIOKCHAA3BI B IPOLECCaX OHTOTE€HE3a, CBSI3aHHbBIX C 0CO-
OEHHOCTAMHU CUCTEMbI PA3MHOXKEHHSI TPEUNXU. DTHU MPEANONOXKEHUs] ObUIN MOATBEPKAEHBI U PA3BUTHI B
panbHerux uccneposanusx (10).

W3yueHre U3MEHYMBOCTH CONEpKaHUsl (hJIABOHOJIOB M aKTUBHOCTH (PIIaBOHOJIPACILEIISIONMX hepPMEH-
TOB (TJIMKO3Ua3bI, NEPOKCH/A3HI M (PITABOHOJIOKCHAA3BI) IPUBEIO ABTOPOB K 3aKJIIOUEHHUIO, YTO B3aUMO-
[EHCTBUEC ITHX MNPOLECCOB UIPAET BAXHYIO PETYIUPYIOUIYIO POJb IPU NEPEXOE PACTCHUH TPEUYUXU OT
OyTOHM3ALMH K (ha3€ ONbLICHUS-OIUIOIOTBOPEHMUSI M OCHOBHBIM PETYJISTOPOM MOXET ObITh UMEHHO ADO.

B userkax rpeunxu ¢raBoHOApACIICIUISIOIME (PEPMEHTBI MPECTABIEHbI TONBKO (hJIaBOHOIOKCHUIA30H,
TOIJIa KaK BCE APYTrMe OpraHbl PAaCTEeHMsI COEPKaT UX MOJHbI Ha6op. [To-BupuMomy, umenno APO pery-
JIMPYET JMHAMMKY HAKOIUICHUS! MU PACXOA0BaHUs (PIaBOHOMJIOB B IEPHOJ OYTOHM3AUMU U LBETEHUS U TIPU
sToM Kosie6anust AP O 3aKOHOMEPHO CBsI3aHbI C PA3HBIMH TUIIAMH LIBETKOB, T. €. CO CTPYKTYPOM JTOKyca S.
OTMeTHM 371€Ch TPHU YCTAaHOBJIEHHBIE 3aKOHOMEPHOCTH, KOTOPbIE SBUIIUCH MPEANOCHUIKAMH JIJIsl HAIIEH
MONBITKU UCNONb30BaTh ADPO B CeJIeKUMU HA MOBBILICHHE ABTOEPTUIBHOCTHU: 1) HE3HAUUTENIBHBIE Pa3-
auyusi 1o A®O B penpoyKTHUBHBIX OpraHax Mexay KopotkocronouateiMu (K) u jummHHOCTONGYATHIMY
(IT) pacTeHUAMH HCXOHOM MONYJSILMKU, U3 KOTOPOI 6buH BbIeIeHb! aBTodepTunshbie K* i 17 dhopmsl;
2) 3HaunuTENbHbIE pa3nuyusi 1o APO B penpoyKTUBHBIX OpraHax Mexjy asrodepuinbHbiMi K™ u 17 dop-
MaMu, a umMeHHO: APO y 1™ dopm nuxe, yem y K* dopm; 3) HEYKIIOHHOE 3aKOHOMEPHOE TOHMXKEHHUE
A®O ot K 1 1 hopm nexoHoi nonysiuun K camodepTunbHoi [ hopMe BINIOTH 10 MOJHOTO OTCYTCTBUS
A®O y I'y" — camoepTUIILHON TOMOCTHIILHOH (DOPMBI C IIMHHBIMUA PAaBHOBLICOKMMHU ThIYHHKAMH U
necrtukamu (10).
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Ma’repnan H METOABI

O6BbEKTOM HAILETO UCCIEJOBaHUS SIBISIETCS MOHOMOp(HAas AiMHHOCTONOYaTas (hopMa TETPAIUIOUIHOM
rpevyuxu, Ha3BaHHas Hamu ['M, cenextupyemas Ha moBbImeHne aprodeptunibHocTy (11, 12). 3anaua cos-
naHust aBTO(EPTHIBHON COPTOBO MOMYJISIUMU TETPAINIOMHON IPEUUXU, KOTOPYIO MbI MOCTABUIIU MEPEN
COOOM, SBNSIETCA OYEHb CIIOKHOMW M B PEIIEHMM 3TOW 3aj1a4d Mbl CTAPAEMCsl MCIONB30BATh HE TONBKO
npsiMO# OTOOP BBICOKO aBTO(EPTUIILHBIX PACTEHUI U3 JTYYILIUX CEMEN, HAUOOIIEE TIIOOBUTDIX IIPU CAMOO-
NBIJIEHUU U MIEPEONBITICHUU MEX]Yy COOOM, HO U BCIIOMOTATE IbHbIE METOABI: OTOOP IO MENO03Y (2 UMEHHO!
IO TMIPOLIEHTY W3MEHEHHBIX TETPAJ MUKPOCIOP), OTOOP NMPH BbIPAIMBAHMU PACTEHHI B PA3HBIX YCIIOBUSIX
(TennuyHbIC U MOJIEBbIE YCIIOBUS), CTATUCTUUECKUE METOJIbI, MO3BOJISIFOIIME ONPE/CIIUTh HACTEYEMOCTh_
aBroeprunsuoctu (11, 12).

Hacrosiiee uccnejoBaHue MCXOAMT U3 3aja4d UCNOJb30BaTh oT6Op mo APO Kak OfUH U3 COCOOOB
MOBBILIEHUS ABTO(EPTUNIBHOCTH U SIBISECTCS NEPBBIM 3TANIOM B PEIIEHUH 3TOU 3aJaUd — U3YUECHUEM WH]IU-
BUYaJIbHOW M moceMenHoi u3mMeHunBoct APO B pas3HbIX opranax pacrenui ¢popmbl [M: B cemeHnax,
CeMSIIONbHBIX JTUCThSIX U LIBETKAX, T. €. B pa3Hble MEPUOJIbl OHTOTEHE3A.

PaHee MbI NOKa3any LIMPOKYIO U3MEHUMBOCTH (hopMbl 'M 1o cofiepskanuio pyTrHa (mocemMeiHbie cpejHue
NPOLEHThI PYTUHA B JIMCTbsIX BapbupoBanu ot 0,8 1o 3,7% ) u Gonee BbICOKOE conepskanue pyruHa y [I-
pacTeHui HCXOJHOH cOpTOBOM nomynsinuu bonbmeBuk 4, no cpaBHeHUIO ¢ K-pacTeHusiMu 3TOro copra
(13). Mbl nokasaiiu Tak>Ke HaJMuue MOJOXKHUTEIbHON KOPPEISLMU MEK/Y CPEIHECEMENHBIM MPOLEHTOM
PYTHHA B JIUCTHSIX, C OIHOW CTOPOHBI, U C APYTOil CTOPOHBI: CPEHECEMEMHBIMU 3HAUYEHUSIMU MacCChl 3pe-
noro pacrenus (r = 0,80 £ 0,15), yucna yserkos Ha pactenuu (r = 0,78 £0,16), o61Ie# CyMMbI BETKOB,
3aBsi3e¥l ¥ BBINIOJIHEHHBIX MJIOOB Ha pactenun (r = 0,65 + 0,24) (14).

Takum o6pa3oM, MOXKHO MPEANONAraTh, YTO Ha TETPAIJIOUHOM YPOBHE TaK XK€, KaK Ha IMTUNIOMTHOM, MET-
abou3M (p1aBOHOJIOB U CBSI3b €ro C MPOAYKTUBHOCTBLIO PACTEHUH JOCTATOUHO CYLIECTBEHHBI, YTOOBI
MOXHO ObLIO HAYaTh IOMCKU TAKUX CBA3EH, KOTOPbIE 3aTPArUBAIOT aTO(EPTUIBHOCTS.

N3menuuBocts APO u3yuanu B MOKOSLIUXCS CEMEHax (IUIofax), CEMSIOJBHBIX JIMCThsIX 10-qHEBHBIX
IPOPOCTKOB U B 1BeTKax, CeMeHa 1 MpOpOoCTKU u3yyainuch B 50 ceMbsix, a uBeTKH — B 14 u3 atux xe 50
cemeit. BbIOOpKHM BKIIIOUAIN B KAX/IOM ceMbe: 24 MHMBUAYAIbHBIX AHAIU3A CEMSH, 5 UHAMBUIYAJIbHBIX
AHAJHM30B IPOPOCTKOB, 15 MHAMBHAYaNbHBIX pacTeHuH (1o 10 BETKOB ¢ pacTeHusl) IPU AaHAJIU3E BETKOB.

Hpuromnmenne (bepmen’mux IKCTPAKTOB.

Cemena (cyxue mnonel) HacrauBanu ¢ S mi 0,1 M docdartroro 6ycdepa pH 5,9 B reuenue 2 yac., 3aTem Ciiu-
BAJIM >KUAKOCTH M UCNIOJIB30BANH e 1uis onpeaenenust APO.

Cemsapoinbhble JucThs 10-JHEBHBIX IPOPOCTKOB PACTUPAJIU C MOPOLIKOM nojuamuaa u ¢ 3 miu 0,1 M doc-
¢dartuoro 6ydepa pH 5,9, npodunbTpoBbIBaIM rOMOr€HAT U UCHOJIB30BANU (DUIILTPAT ISl OIPE/ICIICHUS
ADO.

ITo 10 uBeTKOB ¢ KaXXI0rO PacTEHUsl PACTUPANU C MOPOWKOM nonuamuaa u ¢ 5 ma 0,1 M ¢docdarroro
6ydepa pH 5,9. F'omorenaT npocuabTPOBBIBAIN U DUIBTPAT UCTIONB30BANHU Jist onpefieneHust APO.

Onpepenenne ADO.

[Tpu paboTe ¢ ceMeHaMu ¥ IpopocTKamu 6painu 2,6 Mt hepMeHTHOrO 3KcTpakTa, gobdasisnu 0,4 mm 0,33
MM CcnMpTOBOTO pacTBOpa KBEPLUETHHA M U3MEPSIIN YMEHbIIeHue onTudeckon miotHoctu (OIT) npu 375
HM 32 OIpeJIENEHHbIN IPOMEXYTOK BPEMEHH.

[1pu padoTe ¢ uBetkamu 6panu 1,6 ma 0,1 M docarroro 6ydepa pH 5,9, mpubasnsinm 1 mn akcTpakTa
u3 uBeTKOB U 0,4 M1 0,33 MM criupTOBOTO pacTBOpa KBEPLETHHA U TaKKe nsMepsiiiu ymenoiuerue OT1 npu
375 HM 3a OnpeieIeHHbIA TPOMEXKYTOK BPEMEHH.

Enunuubl, B KoTOphIX npuBoasTest fanHbie 1o ADO s cemsin: Oll/cems - 20 vac; st mpopoctkos: OTT/
CeMSANONbHbINA NUCT - 1 yac; aust uBeTkoB: OIT/10 upeTkos - 10 MuH. [ns nyuiuein CpaBHUMOCTH CPEIHUX
BesinuuH APO B pa3HbIx opranax Obu1 cjesian Takxke nepecyer B OI/ 1 opraw - 1 yac.

[Tpu cratuctuyeckoin 06paboOTKe [JAHHBIX HCMOAB30BANM ABYX(AKTOPHBIN JUCIIEPCUOHHBIN AHANIM3 U
Onpe/eisii NOKA3aTENM CUIlb] BIMSIHUS U3YYEHHBIX (PakTOpOoB (pakTop A — opraH pactenus, ¢aktop B
— CYMMApHBIN T€HOTHUI CeMbH) Ha u3MeHIUBOCTE ADO (15).
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JKCHepHMEHTAIBHAS YacTh U 00CYKIEeHHE.

OCHOBHBIE pPe3yabTaThl HCCIETOBAHUN NpejIcTaBieHbl Ha Puc. 1 u B Tabnuuax 1, 2, 3.

Puc. 1 npegcrapnsier pacnpeneneHus CpeHUX ceMeiHbIX 3HaueHuit AP O B pa3Hble NePUOIbl OHTOTEHE3A:
B MOKOSIIUXCS ceMeHax (IJI0fax), B CeMSOAbHbBIX JUCThAX 10-IHEBHBIX MPOPOCTKOB M B LBETKAaX BO
BTOPOM} MOJIOBUHE NEPUOJIA IIBETCHHUS.

Tabn. 1 nononHseT gaHHbIE pUC. 1 MOKA3aTENsIMHU U3MEHUYUBOCTH CPEJJHUX CEMEUHBIX 3HaueHuit ADO.
Pasmax n3meHuyuBOCTH cpejiHuX ceMeinbix APO Gonee IUPOKHIT B CEMEHAX U B POPOCTKAX, MO CPaB-
HEHHMIO C LIBETKAMM, O YEM FOBOPAT COOTHOIIEHHS MiN : Max ¥ 3HAUCHHUSI BHYTPUCEMEHHBIX KO3 pHLHeH-
toB Bapuauuu CV. Ongnako mexcemerasle CV Heenuku (13 + 25%). B npopocrkax mexcemeinbiin CV
HaubonbIui U paBeH 25 + 3%.

AbcomoTHble 3HaueHnsi APO B pasHbIX OpraHax 6ollee TOYHO MOXHO CPaBHHUTBH IPH INEpecyeTe Ha
OI1/1 opraH - 1 yac.; B 3TOM ciyuyae nony4aercst cooTHoueHue o A®QO B ceMeHax : B IPOPOCTKAX : B L{BET-
kax = 0,003 : 0,300 : 0,209 =1 : 100 : 70.

Tabnuua 1. Table 1.

Usmenuusoctb ADPO y popmbl I'M B pazHbIX OpraHax pacTeHus.

Flavonoloxidase activity (A®O) variation in different plant organs of GM form.

Cemena
Seeds

ITpopocTku
Seedlings

LIBeTKH
Flowers

Yucno cemen

50

50

14

Number of families

Mg
CpenHsisi 1151 BCeX ceMen
Average of all 0,066 = 0,001 0,300 £ 0,009 0,349 £ 0,012

families

[Ipenenst M;
Limits of M;

min : max 1:2:1 1227 1:1,4

0,041 + 0,086 0,157 = 0,425 0,290 + 0,416

BuyTpucemerinbie

CV (%)*

Intrafamily 46 =92 10+ 109 19 =50
CV (%)

Mexcemennbie

CV (%)

Interfamilies 14+1 253 13+£2
CV (%)

*CV — coefficient of variation

[Tpu ananu3se cemMsiH ObUTH OTMEUCHbI HyJ1eBbIe 3HaueHns APO y 19 u3 50 cemeit, no 1-2 ceMenu B Kaxjaon
CeMbe.

CneayeT OTMETUTh, YTO MPU NOCTAHOBKE OIBITA ObLIM BO3MOXHbI KOJIEOaHHUs! YCIIOBUH, KOTOPbIE MOTIIH
MOBJIMSATH HA H3MCHUYMBOCTL MHMBUYalbHbIX MOKa3aTeneid APO. [TosToMy B KaX/101 BLIOOPKE CEMSIH,
[IPOPOCTKOB M LBETKOB GPalii B AHAIM3 OJHOBPEMEHHO IO OTHOMY MPEICTABUTENIO KaXAO0! CEMbU. ITO
JlaeT BO3MOKHOCTH CUNTATh H3YYEHHBIE BEIDOPKHU CEMEN JIOCTATOYHO PENPE3EHTATUBHBIMH.
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Yucno cemeit
Nb of families

Uncao ceneit
Nb of families

Nb of families

Ysicao cewmeit

Puc

A. CemeHa (Seeds)
0L XN= 50 cemeit (families) cv = 14 £ I7
M 5o= 0,066 £ 0,001
204
IoL
ADO, My
- i ) o1
cema - &0u,
0 0,020 0,040 0,060 0,080 0,I00
B. Illpopocrii (Seedlings)
30L N = 50 cemeii (families) -
M 50= 0,300 * 0,009 O 85 = 3
20 L
IO =3 A@O’ Mi
2 " ok OI1
z -Iu.
0 0,100 0,200 0,300 0,400 0,500  CrrA-meT-1d
C. lUperxu (Flowers)
10 L N= I4 cemell (families) Ve I3 * 2

(@3]

0

= ¥
M, = 0,349 ¥ 0,012
=
o1l
| | 3 4 3 ry

0,I00 0,200 0,300

0,400 0,500

. 1. Pacnpepenenne cemeiirix cpeprix (My) no ADO.
Fig.I. Distributions of family averages (Mi) of flavonoloxidase

activity (ABO) :

A - Sptical density
see 3 H
B - Qptical densitg
seed-leal - > i3
c - ogtical densit%
owers e n .,

ARO, My

- I0 up. - IOMuH.



149

['eHOTHIIBI H3YYaBIIMXCA CEMEN JOBOJIBHO OJIM3KHM MexXy coboit. OiHa u3 ceMeil ceJIeKTUPYEMOi hOPMBbI
I'M Obuia BbiCesiHA HAa M30IMPOBAHHOM yyacTke B 1987 r. pns pasmMHOXeHust BHYTpH cebst. W3 69 nepe-
ONBUIMBLIMXCS PaCTeHUi 06110 0TOOpaHo 50 NyyLIMX Mo NPOAYKTHBHOCTH U 3T 50 pacTeHui 1aiu ceMeHa
nnst Hawmx ueenegoBanui no APO. C 3Tux ke pacTeHUi ObIIM B3SIThI CEMEHA JIJIsl JalibHEHIIEH CeIEKIUU
Ha MOBBILICHUE aBTOQEPTUNLHOCTU. B yacTHocTH, y 14 cemeit u3 50 mMbl usyuanu B 1989 r. copepxauue
A®O B uBeTKax, a Tak:Ke COOTHOUIEHUE TUIOB IIBETKOB B OHTOTEHE3€ U MPOJYKTUBHOCT.

Panee MblI OTMEyYanu B CBOMX paboTax, YTO CeNeKIMs HA MOBbIICHHE aBTOMEPTUILHOCTH y JI-opMbI
TETPAIUIOM/IHOM IPEYUXH BEJET K MOBbLILEHHIO 0T PaBHOCTONGYATHIX (P) 11BETKOB € KOPOTKUMH ThIYMH-
KaMU M IICCTUKOM, @ TAKXKE K YBEJTMYEHHUIO JIOJIN L[BETKOB C YMEHBILICHHOM PAa3HULIEN B JJIMHE THIYMHOK U
necruka (I ~ P). Mb1 HaGmogani u3MeHYMBOCTb COOTHOLLIEHHS THX THIIOB IIBETKOB B NPEJIENaX OJHOTO
pacTeHust U OJTHOM U TOWM XK€ CEMbHM B Pa3Hble MEPUOJIbI OHTOTEHE3A U B PA3HBIX YCIOBUSIX BbIPALUBAHMS
(11, 12, 16). B nannoM ciiyyae Te ceMbU, KOTOPbIE aHATU3UPOBAIUCH 10 APO, umMenu 60ab1ION pa3Max
M3MEHYMBOCTH M IO COOTHOILUEHHMIO THUIIOB LIBETKA. B 1)enoM 3a Bech nepuoj OHTOreHesa npeobiajanu
Tunuysbie [J-uBeTku: ux 66110 B cpeHeM 57 £ 3% u nmoceMeriHblie CpeHUe U3MEHSTUCh OT 35 10 70%.
[BeTkoB Tuna Il ~ P 66110 B uenom 19 & 2% ¢ konebanusiMu 1o cembsim ot 12 10 32%. LBeTKu TpeThero
Tuna, T. €. P, cocraBnsinu 24 £ 2% ot 061Iero uucna u3y4eHHbIX, a KoJeGaHus 10 ceMbsIM ObITH OT 16 10
38%.

Ta6auna 2. Table 2.

Bnusinue hakTopoB A (ceMeHa WM CEMSANONbHbBIC JTUCThS MPOPOCTKOB) U B (reHoTHI ceMbH) HA U3Me-
HYMBOCTH BeinuuHbl ADPO y 50 cement popmer 'M*.

Analysis of variance: 50 families
A —plant organ; B — family genotype.

A B AB X Z X
rll 55,3 5,9 5,6 66,8 33,2 100
+0,0 1.2 +1,2 +2.4
v 1 49 49 99 1312 1411
F 2193 4,7 4,5 26,7
1 ;
* Vl — nokasareJsib cuibl Bausthus (per cent of influence)

Taobnuua 3. Table 3.

Bnusinue dakTopoB A (ceMeHa, CeMsIONbHbBIE JIUCThs, HBETKH) U B (reHOTHII ceMbH) HAa U3MEHYUBOCTD
BennuuHbl APO y 14 cemeit popmbl T'M*.

Analysis of variance: 14 families
A —plant organ; B — family genotype.

A B AB X Z Y

!27- 58.7 35 8.7 7.1 28,8 100
+0,1 +0.,6 +1,3 +2.1

vV 2 13 26 41 547 588
F 556.7 52 6,3 32,8

" 'l — nokasareJib cuiibl Biusiius (per cent of influence)
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B03MOXHO, KOJieGaHusi B COOTHOILEHHUH TUITOB [{BETKA TAKXKe MOTJIM BIIMSITh HA XapaKTEPUCTUKY CEMEH O
ADO.

B OyjiyumieM MbI TIPONOJKUM H3yueHue cBsizeit mMexay APO, TMIOM LBETKA M MPOAYKTHBHOCTBLIO Y
pactenuit popmbl 'M. B HacTosiieM MaTepuane HEKOTOPble KOPPEALUU ObLIH BbISBIEHbI IPU KOPPEJIH-
POBaHMM CEMEMHBIX cpeiHux. Bbuta oTMeueHa OTpHLaTeNbHAs KOPPENsIus Mexay ypoBHsamu APO B
MCXOJHBIX ceMeHax u B upetkax: r = 0,5 + 0,2; t = 2,5; B = 0,95. Orpuuarensnas Koppesiius 6blia
OTMEYeHa TaK¥Ke MEeXIy YPOBHEM A®QO B 1BETKAX M TAKMMH BaXKHBIMH MOKA3aTENAMU, KaK CPEfHEE
KONMUECTBO KucTel Ha pacrennu (r =—0,7 £ 0,2) n konuyecTBO BoINONHEHHbIX 3épeH (r =-0,5 = 0,2). Bee
3THU KOPPESIUU YCTAHOBICHbBI HE MEXKJy MTOKA3aTeNsIMH HHIUBUYaTIbHBIX PACTEHUIA, @ MEX]Y CPEIHUMU
CeMENHBIMY BEJIMYMHAMU COOTBETCTBYIOLIMX IIPU3HAKOB TSt 14 cement popmbr ['M.

[Toka TpyaHO CKa3aTh, HACKOJIBKO OBTOPUMBI ITONIyYEHHbIE HAMU PE3YIILTAThI B 3aBUCMMOCTH OT 0O'bEKTa
¥ YCJIOBUI1, MOTYT JIK 3TH JlaHHbIE OBITh UCIIOJIB30BAHbI B CEJIEKI[MM HA MOBBIILIEHUE aBTO(MEPTUILHOCTH.
OpHako BaxKHO OTMETUTh, YTO IUCIICPCUOHHBIN aHAJIN3 JIBYX KOMIIJIEKCOB JAHHBIX, IOTYYEHHbIX HAMHU IIPU
usyuyenun APO, mokaszan CTAaTUCTHYECKM JOCTOBEPHOE BIIUSIHUE M3YHYEHHbIX (DaKTOPOB: A — Oprad
pacrenusi, B — renorun cemby Ha nameHuBocTh APO B hopme I'M (Tabn. 2, 3).

B 1a6u1. 2 npejicTaBiIeHbl PE3yJbTaThl JUCIIEPCHOHHOTO aHANN3a 1-rO KOMILIEKCa JaHHbIX 110 ACDO B ceMe-
Hax u npopoctkax 50 cemeit popmbl I'M (2 rpapaiuu akTopa A).

B Tabn. 3 npeicTaBienbl pe3yibTaThl JUCIEPCMOHHOTO aHanu3a JaHHbiX 1o A®O B Ipyrom KoMmIiexce:
HE TOJILKO B CEMEHAX U MPOPOCTKAX, HO ¥ B BeTKax (3 rpagauuu paktopa A); B 3TOT KOMIIIEKC BOLIIH
NAaHHbIE TOJBLKO 110 14 cembsm u3 50.

OTto6panubie 14 ceMeit MPOUCXOAMIIM OT HauboJee MPOAYKTUBHBIX pacTeHuit. I'pynna uz 69 nepeonsii-
SBILKXCSE MEXK/Y co60i pacteruit popmbl I'M, U3 KoTOpo# 66114 B3sIThI poguTenu st 50 cemeit Hatero
onbiTa, umena B cpeguem 206 + 14 BoinonHeHHbIx 3epen Ha pactennu (CV = 114 £ 10%) ¢ maccoir 1000,
pasHoit 31,3 + 0,3 r, a rpynmna poauresnei st 14 cement umena B cpegHeM 369 £ 14 BBINONHEHHBIX 3€PEH
(CV 14 £ 3%) ¢ maccou 1000, paBnont 31,9 + 0,5 r.

M3 Tabnui 2 ¥ 3 MbI BUUMM, YTO 00a HAIIK KOMILIEKca faHHbIX 10 AP®O BbISIBUIIH BISIHUE CTAIMM OHTOTE-
He3a (A — opraH pacTeHusl: CeMsi, CeMsIIOIbHBI JIUCT, LBETOK) U FeHOTUNA ceMbH (B) Ha M3MeHYMBOCTH
A®O. BbIABUIOCH TAKXKE JOCTOBEPHOE BIHMSHUE B3aMMOJIEHCTBUS 3THX (hakTOpoB. OTCIOAA MOXKHO Clie-
J1aTh BBIBOJ, YTO pe3epBbl cenekiyu no APO B HallleM MaTepUaje UMETCS.

B nansHedMX HCCIENOBAHUSX MbI IPOJOJIKIM M3yUeHHe CBsi3ei Mexay ypoBHeM AP O B pa3HbIX OpraHax
¢opmbl I'M u ee aBTOEpPTHIBHOCTHIO.

3akarouenue

Mb1 u3yunnu U3MEHYMBOCTH aKTUBHOCTH (hiiaBOHONOKCHIa3bl (APO) B pa3HbIX OpraHax pacTeHUN MOHO-
MopHO#I fiuHHOCTONOUaTON (hOpMBI TeTpamnounHon rpeunxu (M), cenekTupyeMon Ha MOBBILIEHHE
aBTO(EPTUIILHOCTH.

JlaHHass paboTa sIBISIETCS HAYAlIbHBIM 3TANOM Ha NMyTH npuMeHenus: nokasaresss APO B cejekuuu Ha
NOBBILIEHUE aBTO(EPTUILHOCTH. MccneoBanus nokas3aau CyeCTBEHHOE BIUSIHUE TAKUX (DAKTOPOB, KAK
OpraH pacTeHMsl U TEHOTHUIl CEMbM Ha U3MEeHYMBOCTE APO. Y CTaHOBIEHbI HEKOTOPbIE KOPPEISITUBHBIE
cBsizu Mexnay nokasareynsiMu APO U IpoyKTUBHOCTH.
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VARIABILNOST AKTIVNOSTI FLAVONOLOKSIDAZE V  RAZLICNIH ORGANIH
TETRAPLOIDNE AJDE

Izvleéek

Raziskovana je bila aktivnost flavonoloksidaze v razliénih organih monomorfne pin oblike
tetraploidne ajde, selekcionirane za poveéano avtofertilnost. Ta raziskava je zadetek uporabe
aktivnosti flavonoloksidaze pri izbiri za povedano avtofertilnost. Ugotovljena je znadilna
povezava med flavonoloksidazno aktivnostjo in pridelkom ajde.
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Variation of flavonoloxidase activity in different organs of tetraploid buckwheat.

L.I.Dovzhenko', T.A.Zhanaeva'l.Je.Lobanova®1.V. Alekseeva®.

1./N.K.Koltzov Institute of Developmental Biology, USSR Academy of Sciences (117808
Moscow, Vavilov str., 26, USSR)

2./Central Siberian Botanical Garden, Siberian division of the USSR Academy of Sciences
(630090 Novosibirsk, 90, Zolotodolinskaja, 101, USSR)

Summary

The variability of flavonoloxidase activity (AFO) was studied in different plant organs of
monomorphic pin-form of tetraploid buckwheat (GM) wich was selected for increasing of
autofertility. This investigation is the first step in the way of using of AFO in selection for
increasing autofertility. A significant influence of factors such as plant organ and family
genotype on AFO variability was demonstrated. Some correlations were established between
AFO and productivity.
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ERRATA - POPRAVKI

In the paper of M. KneZevi¢ (Fagopyrum 9, 1989) on the top of p. 51 is missing: The applied
herbicides and their combinations were not phytotoxic for buckwheat, while they affected
variously the present weed species (Tables 2 and 3). Preemergence chemicals Dual 500 EC and
Bravo, alone or in combinations with Deherbane A and Dicofluid MP Combi, affected on the
lessening of Monocotyledoneae number in agrophytocenosis, and especially of the Echinochloa crus
galli individuals. These herbicides gave high efficacy coefficients for Monocotyledoneae, ranging
from 98.7% in combination of Dual 500 EC + Deherban A (3 + 1.5 1/ha) to 100% by application of
Bravo chemical (5 1/ha) and combination of Bravo + Deherban A (5 + 1.5 1/ha). The
postemergence chemical Targa, at a rate of 1.5 1/ha, killed on the 15th day of application all
grasses in buckwheat, showing thus excellent efficacy in killing of grassy weeds.
The herbicides Dual 500 EC and Bravo, as well as combinations Dual 500 EC + Deherban

In the paper of A.N. Botkarev, L.P. Bockareva (Fagopyrum 9, 1989) on the p. 61 second row
under the Table 2 read: Y = A : (1 + e* * 7%
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The name(s) of author(s) and page number and/or figure number should be clearly marked
on the back of all diagrams, photographs etc. Illustrations should be planned to fit either a half
or the full width of the page. Black and white photographs should be of good quality and
contrast, lettering or marking should be of the same style and quality as in recent volumes of
"Fagopyrum". If this is not possible for the author, photographs should be sent without lettering;
but lettering and marks should be clearly positioned on a copy. Colour photographs for black and
white printing. Colour photographs can exceptionaly be printed as black/white photographs,
although the quality is inferior, especially if there are no good contrasts on the photograph, or if
contrasts are in green/red tones. Avoid red backgrounds behind green objects and use white or
other light background.

Colour photographs for colour printing. From a technical point of view, it is no problem to
print colour photographs, if they are needed for ilustration of papers or other messages. However,
in such a case, the printing procedure takes considerably longer, and costs are above normal costs
of publication. So colour printing can be used only in cases in which information is clearly
enclosed with the manuscript as to which institution will cover the additional costs.

INFORMATION AND BIBLIOGRAPHY. Information (including short preliminary reports) and
bibliographical contributions, will be printed in a special section or, occasionally, in a special issue
of "Fagopyrum"'. The maximum length of contributions in this section is two printed pages, and
they will be published by direct photocopying and without being refereed.

We will try to do edit "Fagopyrum" to your best satisfaction, but please help us by critically
reviewing your texts before sending them and by careful preparation of all illustrative material.

The Editor.
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