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SOME CYTOLOGICAL AND MORPHOLOGICAL PROPER-
TIES OF OCTOPLOID SAINFOIN (ONOBRYCHIS VICII-
FOLIA SCOP.) INDUCED BY COLCHICINE
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RESEARCH INSTITUTE OF PLANT GROWING AND SOIL CONSERVATION, KOMPOLT

By treating the autotetraploid sainfoin varieties Matra and Kompolti (2n =
= 4 X = 28) with colchicine we obtained octoploid sainfoin plants (2n = 8 X = 56).
‘We studied the major cytological and morphological properties of the two different ploidy
levels. The percentage of octoploid plants in the C, — C; generations was relatively
constant (86—959,), at the same time numerous aneuploid forms were also found, the
frequency of which — though varying in the individual generations — was relatively
high. The extent of re-regulation to the tetraploid level as well as the percentage of
hexaploids were negligible. As to the cytological characteristics examined — the cell
and stoma size, the chloroplasts found in the guard cells of stomatal pores, the pollen
size — the octoploid plants were superior to the tetraploid forms. The octoploid forms
studied surpass the tetraploid plants in the morphological properties of the leaf- and
flower parts too; so the cotyledons and the first simple and compound leaflets are larger,
the leaf- and leaflet weight greater, the surface of the leaflet larger and the petiole thicker.
The measurements of the flower parts (standard, keel, wings and staminal column) in
the octoploid sainfoin exceed those of the tetraploid forms, too. There is a shift in the
phenophases, namely the growth and development of the octoploid forms are protracted.

Introduction

Although the culture varieties of cultivated sainfoin (Onobrychis vicii-
folia Scop., Onobrychis sativa Lam.) in their relatively narrow zone of cultiva-
tion generally meet the requirements expected of them, it is a well-known fact
that the stalks soon become lignified, are inclined to lodging, and the ratio of
leaf to stalk is unfavourable. The available ecotypes and culture varieties do
not represent a higher genetic variability in this respect either, so the possibil-
ity of selection is limited.

To increase the variability of the initial material the method of polyploid
breeding was chosen, in spite of the fact that the autotetraploid character of
the varieties belonging to the same morphological group as the Onobrychis
viciifolia had been known for nearly forty years. Thus according to DARLING-
TOoN—WYLIE (1955) Romanenko in 1939 and Mande in 1939 described a chro-
mosome number of 2n = 4x = 28 for Onobrychis viciifolia. Similar data were
published by TiscuLer (1950) and Bapoux (1964). (The latter also listed the
diploid species.) Under such conditions the aim was to produce octoploid forms,
the 2n = 8x = 56 chromosome number of which may appear to be beyond
optimum. To our knowledge such forms have not been developed so far.
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The present paper describes some of the cytological and morphological
properties of these octoploid forms.

Material and Method

The state registered varieties Kompolti and Métra and their polycross progenies were
used in the colchicine treatments.

The treatment was applied to 200 plants of each variety. During the period of the treat-
ment the germinated seeds were kept in a glasshouse of 18—20°C, protected against sunshine.
The first treatment was performed by dropping a 1 per cent colchicine solution between the two
cotyledons. After two days the treatment was continued with a 0.1 per cent colchicine solution,
and each subsequent treatment was followed by a one or two days interval. The period of the
treatment lasted 30 days including the intervals. On the basis of the cytological examination
32 of the 304 (C,) plants raised proved to be octoploid.

In the progeny of the octoploid plants the ploidy level was determined by various meth-
ods: the chromosomes were counted, pollen measurements taken and the number of chloro-
plasts in the guard cells of the stomatal pores determined. In the root tip and leaf primordium
the chromosome number was determined by the well-known cold shock method. Chromosome
examinations in the C; — C; generations were carried out, plant by plant, in the seed of mother
plants varying in number from year to year. The number of chloroplasts in the stomata were
determined by the method of BUTTERFASS (1960). As it is known there is a positive correlation
between the ploidy level and the number of chloroplasts in the guard cells of the stomata, which
can be successfully used to separate the tetraploid sainfoin plants from the octoploid ones. We
studied, further, the number per mm? and size of stomata. The examinations were made on
epidermis layers stained with a 1 percent silver nitrate solution. The pollen measurements were
taken in preparations stained with carmine acetic acid. According to our previous investiga-
tions there is a considerable difference between the tetraploid and octoploid plants as to the
meristemic tissue cells of the root tip, so the latter may provide a basis for the determination
of the ploidy levels. The number per mm? and size of cells were therefore determined in this
part of the growing tip. The examinations were performed in friction preparations made from
the root tips of the germinated seeds and stained with carmine aceti¢ acid. Microscopic investi-
gations were made by means of a Nfpk2 research microscope equipped with a phase contrast
fitting and phase objectives, with 400 X magnification.

In the tetraploid Métra variety (control) and in the C,; and C; generations 12 morpholog-
ical characters were studied. Investigations were made partly in the field, partly with plants

of the same age and development, raised in culture pots. The plants were examined for the fol-
lowing characteristics:

Leaf examinations Examination of flower part
leaf weight surface of standard
weight of a pair of leaflets surface of wings
leaflet surface surface of keel
length/width ratio of leaflets length of staminal column
member of leaflets per leaf length/width ratio of standard

length/width ratio of keel
length of floral axis

Results

Microscope studies. The major data of the two ploidy levels are presented
in Table 1.

The somatic chromosome complement of the octoploid sainfoin is shown
in Fig. 1. Besides the euploid forms numerous aneuploid (hypoploid) forms were
found. Of them the form with 49 chromosomes was the most frequent, but plants
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Table 1
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Some data of tetraploid and octoploid sainfoin plants as determined by microscope

Characteristics examined

Ploidy level

Percentage proportion

4n | 8n 4n =100% | 8n

Number of stomata per mm? 108 58 100 53
Length/width ratio of stomata

(micron) 2%ie 17 30:20 100 136 : 117
Number of chloroplasts in the sto-

matal guard cells 14 21 100 192
Cell number per mm? 1147 804 100 70
Length/width ratio of cells 25517 37 :22 100 148 : 129

Fig. 1. Somatic chromosome complement in octoploid sainfoin. Magnified: 90 X obj;

6,3 : 1 proj

with 52 and 54 chromosomes occurred as well. No hyperploid plants have been
found so far; though hyperploid cells occurred in mixoploid plants. Plants con-
taining cells with different numbers of chromosomes are summed up under the

name: mixoploid.

The distribution of the ploidy levels in the C,—C; generations is seen in
Table 2. The table shows that the per centage of octoploid plants is relatively
constant ranging between 86 and 95 per cent. Re-regulation to the tetraploid
level practically does not occur, and even the percentage of sexaploid plants is
negligible. The percentage of hypoploid plants, on the other hand, constantly
increased from the C; generation onwards. Since their role — the consequence
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Table 2
Distribution of C,—C; generations according to ploidy level
Coiattns g/: g/: g/on | Ane;gloid Mixg{l:loid -
\ ‘ ’
Cool 0098 3.95 0.09 S48 < fo0 936 | 2888
Cy 92.00 0.70 = 6.77 053 ; 7. 2836
C, 88.37 0.57 = 9.58 148 | 2089
¢ 86.53 |  0.17 o 9.69 7 ¢ | - 5617|4518
Cs 95.00 | - A 4.65 0.35 | 3640

of their presence in the population and participation in the process of flowering
— is unknown, all plants shown by the cytological examination to contain
two or more aneuploid cells were discarded in the C, generation. It was sup-
posedly the result of this that the proportion of aneuploid plants fell by some 50
per centin the C; generation. A fluctuation in the frequency of aneuploids in
the different young C-generations was also reported by ArLoowaria (1971)
in rye-grass and by JARMoLY UK (1971) in sugar-beet. This is why the fertiliza-
tion-biological and cytogenetical role played by the aneuploids in the popula-
tion should be more thoroughly investigated in the future. '

As to the other cytological properties, in the octoploid cockshead the cell
measurements in the meristemic tissue of the root tip are larger and the
number of cells per mm? lower. Its stomatal measurements are also larger, and
the number of chloroplasts in the guard cells of the stoma is 90—100 percent
higher. Its pollen measurements exceed those of the tetraploid plants consider-
ably, too, as in the latter the length of the pollen is 40 microns, its width 22.5
microns compared to the 55.3 micron long and 29.4 micron wide pollen of the
octoploid. The pollen measurements found by us in tetraploid plants are per-
fectly identical with the results of GorcENYT (1955).

Morphological studies. The major morphological data of the two ploidy
levels @ ve shown in Table 3.

The octoploid sainfoin produced by the redoubling of the number of
chromosomes has thicker and larger cotyledons. The first simple and the first
compound foliar leaflets appearing almost at the same time in the two different
ploidy level plants are also larger. There is, however, a shift in the phenophases;
growth and development are slower in the octoploid form. Leaves of the fully
developed octoploid sainfoin are of a darker green colour, and the leaf measure-
ments exceed those of the tetraploid form. The weight of the leaf and leaflet
as well as the surface of the leaflet are larger, the leaflet blade is thicker and
the petiole stronger. The measurements of the flower parts are also larger in
the octoploid form. The floral axis is longer, the standard, wings and the sur-
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Table 3
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Trends of some morphological properties in tetraploid and octoploid sainfoin plants

Leaf weight, g

i Percentage proportions
Properties studied s s of 8n plants
4n 8n 4n = 100
1.0963 | 1.4068 128.32
Weight of a pair of leaflets, g 0.0883 0.1164 131.82
Leaflet surface, mm? 208.03 222.85 107.12
Length/width ratio of leaflets, mm 31.93:::8:84 ' :25.70::12,73 80.48 : 144,00
Number of leaflets per leaf 19.23 19.62 102.02
Standard surface, mm? 85.34 103.32 121.06
Length/width ratio of standard 11.54 : 8.17 11.78 : 10.32 102.08 : 126.31
Wing surface, mm?* 5.36 :5.36 | 6:6 111.94 : 111.94
Keel surface, mm?® 79.46 ; 92.66 116.61
Length/width of keel, mm 13:07 ::9.69: .| 11.68-: 1117 105.51 : 115.27
Length of staminal column, mm 10.52 11.50 109.31
Length of floral axis, mm 93.00 100.00 107.52

Fig. 2. On the left a tetraploid, on the right an octoploid sainfoin stomatal guard cell and the

chloroplasts in them. Magnified: 90 x obj; 6,3 : 1 proj

face of the keel are larger, and the staminal column is longer too. The difference

in the time of flowering is about six or seven days, that is, the octoploid plants

begin flowering six or seven days later than the tetraploids.

Fertilization-biological and fertility conditions of octoploid plants as
well as their fodder production data will be presented in a separate paper.
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