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Summary. The studies were focussed on the female sterility and poor fertility
in the yellow melilot with typical flowers and in plants with flowers shaped like a small
ball. In female sterile plants the processes of meiosis and microsporogenesis proceeded
without large disturbances. In this connection it is suggested that the cause of female
sterility are irregularities in the process of megasporogenesis and megagametogenesis.

A poorly fertile plant, during the chromosome reduction and divisions in the
pollen mother cells, was found to have some deviations (lagging chromosomes,
division into chromatids in anaphase I). However, in view of a relatively small
percentage of cclls with disturbances, they cannot be a cause of poor fertility. The
atypical course of microsporogenesis and the entire 4-nuclear microsporocyte
transformation into a microspore and then into bi- and multinuclear pollen grains
should be considered the basic cause cf that phenomenon. Binuclear pollen grains
are tetraploid and multinuclear pcllen grains contain di- and haploid nuclei. There are
also mononuclear pollen grains. After fertilization of a haplcid female gamete with
a polyploid male one there arise polyploid nonorthogonal zygotes, which presumably
die causing a low fertility of the studied plant.

When accumulating material for collection and studies from the territory of
Poland, seeds of the yellow melilot were also gathered. This year, during flowering
and fruiting, attention has been paid to several plants, which flowered, but did
not set pods or had only few pods. There were totally seven sterile and poorly fertile
plants. An attempt has been made to elucidate that phenomenon.

MATERIAL AND METHODS

There arose a suggestion that the cause of poor fertility and sterility of the
studied plants of yellow melilot may be deviations in the process of conjugation
and then, in division of chrcmcscmes, as well as during microsporogenesis and
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Table 1. Variation of the pollen grain diameter in fertile, female sterile and poorly fertile plants of yellow melilot

Diameter of pollen grain (in micrones) Total Average
No. of .
Plants analysed No. of (.ham?ter
PMC 21.14 24.30 27.53 30.64 33.75 36.89 40.03 43.17 46.31 49.45 52.95 55.73 58.87 pollen | (in micro-
graing nes)
Fertile n 10 24 240 36 300 27.72
% 8.0 80.0 12.0
Sterile 1 n 1 12 85 96 7 200 29.08
% 6.0 42.5 48.0 8.5
Sterile n 1 18 ki 55 150 28.35
% 12.0 51.3 36.6
Sterile, n 4 45 183 122 350 24.96
ball-sha- % 12.8 52.2 35.0
pod flowers
Poorly n 1 3 46 96 123 53 49 25 11 400 46.76
fertile % 0.8 11.5 24,0 30.8 13.2 12.2 6.2 1.2




(3] Cytological Studies of Sterility and Poor Fertility 67

pollen maturation.' With that in view, small flower buds were fixed in Carnoy’s
solution and then, from the pollen mother cells squeezed out of the anthers squashed
preparations were made and stained with propionocarmine.

RESULTS

The plants under study differed by the structure of their flowers. Three of them
had typical flowers, four had their petals closed in the calyx, the petal apices and
the pistil style stick out of the calyx. The lower and middle parts of the calyx grew
bigger and the flewers locked like small balls (Phots 1, 2).

Table 2. Viability of pollen grains in fertile, female sterile
and poorly fertile plants of yellow melilot

; Pollen grains with
Plants No. of plasma (viable)
analysed plants o
Y2
Fertile 10 95.2 - 97.8
Sterile with typical flowers 2 93.7 - 96.4
Sterile with flowers in the
ball shape 4 75.2 - 97.4
Poorly fertile with large
pollen grains 1 76.8

Pollen from plants with typical flowers differed in size and shape. In two sterile
plants it was similar to that of fertile plants (Phots 3, 4; Tables 1, 2), whereas in
poorly fertile plants the pcllen grains were markedly larger in diameter, different
in shape, and the percentage ¢f grains with plasma was smaller than that in fertile
plants (Tables 1, 2; Phots 4, 5). The pollen grains locked as if after the second divi-
sion of nuclei, the microspcrocyte did not divide and the sporcderma was formed
only on the external, adjacent to the calluse, part of the protcplast, which in some
places was scmewhat decper towards the center ¢f microsporccyte. Thus, the pollen
grains locked as if arisen frcm the entire micrcsperceyte (Phots 6, 7 and 8). Exter-
nally they are similar to those typical ¢f Calante veilchii, a species of the orchi-
daccous (Poddubnaja-Arnoldi 1976). ‘

Pcllen from sterile plants with flowers in the form of a small ball did not differ
much in shape, diameter and viability from pollen grains of fertile plants (Table 1).

Table 3. The number of pods and seeds in the cluster of fertile and poorly fertile plants of
yellow melilot

. Number of
~ pods .in _cluster gseeds In cluster including
Plants analysed l two-seeded pods
clusters | — -
min. max. average min. max. average min. max.
Fertlle 10 i 45 - 60 57.0 44 70 68.0 7 15
Poorly fertile 48 1 27 » 8.6 1 24 7.7 0 2
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Sterile plants were flowering from the middle of June till the first ground frosts
in September. They did not set pods either after self-pollination or after cross-
-pollination. A plant with large pollen grains set few pods (Table 3, Phot. 9).

MEIOSIS

At pachytene, homologous chromosomes of sterile plants with typical flowers
were paired in bivalents. One of the plants, at diakinesis, was found to have a single
nucleolus and 8 bivalents, 5 of which were ring-shaped and 3 were rod-shaped
(Phot. 10). Another one during diakinesis was found to have 8x in each pollen
mother cell and instead of a single nucleolus — from 5 to 8 spherical bodies different
in diameter, stainable with carmine like the nucleolus (Phots 11, 12). During the
first metaphase the analysed cells had 81 each (Phot. 13), except only one, which
had 7u2;r (Table 4). The first and second divisions proceeded without disturbances
(Phot. 14; Table 5) and microsporocytes transformed into tetrads of microspo-
rores (Phot. 15, 16; Table 6).

Table 4. Diakinesis and metaphase I in female sterile and poorly fertile plants of yellow

melilot
Chromosomes linked at
diakinesis metaphase I
Plants No. of No. of
analysed 8 Tu2sz analysed 8o Tus O B 6rliv
PMC PMC

Sterile 1 62 62 - 30 30 - — - -
Sterile 2 17 17 - 116 115 1 - — -
Sterile with ball-shaped

flowers 12 12 — 119 108 9 1 2 1
Poorly- fertlle 109 106 3 149 128 20 1 - -

At pachytene in plants with flowers in the shape of a ball (Phots 1, 2), the
analysed cells were sporadically found to have conjugations of four chromosomes
as well as nonconjugated fragments in bivalents (Phot. 17). Also at the transition
stage, between diakinesis and the arrangement of conjugated chromosomes into
a metaphase plate, there were sometimes 7 configurations: 6,1y (Phot. 18), whe-
reas other analysed cells were sometimes found to have: 7,2; (Phot. 19 and 20),
6,41, 5,6,. Cells with a larger or smaller than 8 number of chromosome configura-
tions during the first metaphase were few, mostly having 8y each (Phot. 21; Table 4).
The first and second divisions proceeded without noticeable deviations (Table 5)
and pollen mother cells transformed into typical tetrads of microspores (Table 6).

At pachytene a poorly fertile plant was rarely found to have a quadrivalent
or a skort, nonconjugated fragment of a bivalent (Phot. 22).

During diakinesis, the pollen mother cells had 8, each: 5 ring-shaped and 3
rather rod-shaped chromosomes (Phot. 23); three of the analysed cells were found
to have 9 chromosome configurations each — 7,,2; (Table 4). The division plate of
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Table 5. The course of anaphase I, metaphase IT and anaphase II in female
sterile and poorly fertile plants of yellow melilot

R Number of PMC
Plants Dl:ision with . Kind of
stage total irregularities Irregularities

Sterile 1 anaphase I 17 -

metaphase IT 31 -

anaphase IT 43 -

Sterile 2 anaphase I 37 -
metaphase I 24 -

anaphase II 25 —

Sterile with ball- anaphase I 36 -
-shaped flowers | metaphase II 43 -
anaphase II 90 —

Poorly fertile anaphase I 163 26 unequal division, univa-
lents dividing into chrom-
atids

13 13 divided chromosomes at
one pole

metaphase I1 100 5 chromosomes in 3 groups

— at poles 2-8, the re-

maining ones are in the

plane of the first division

anaphase II 105 4 chromosome bridge and
laggards

the first metaphase was mostly found to have 8; each (Phot. 24), and sometimes
only cells with 7;;2,, as well as a single cell with 6,1y, (Table 4).

During anaphase I, in most of the cells 8 chromoscmes moved towards one of
the opposite poles of the division spindle (Phot. 25; Table 5). There were, however:
cells, in which one of the bivalents divided with a delay (Phot. 26); cells with part
of the chromoesomes at the poles (Phot. 27); cells in which lagging chromosomes
in the number of 7 divided into chrcmatids (Phot. 28); finally, cells, in which the
chromosomes remained in the eytcplasm after the first division, divided into chro-
matids (Phot. 29). In 13 out of the analysed cells, after the division of bivalents,
all the chromosomes migrated tcwards one of the poles (Table 5). Such cells at
telophase and the formed telophase nucleus had only one nucleclus.

The second metaphase and anaphese proceeded without disturbances in the
majority of the analysed cells (Phot. 30 and 31). At the stage of telophase II a chro-
matid bridge (Phct. 32) and lagging 1 - 2 chromosomes (Table 5) were encountered
only sporadically. In the micrcsporocyte after the second division 4 nuclei were

Table 6. Microsporogenesis in female sterile and poorly fertile
plants of yellow melilot

Plants Tetrads Totrad +1 Diads | Triads
micronucleus
Sterlle 1 457 0 0 0
Sterile 2 400 0 0 0
Sterlle with ball-shaped
flowers 155 0 0 0
Poorly fertile 678 7 9 [i]
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formed (Phot. 33), and in few — additionally a micronucleus (Phot. 34). Sporadi-
cally diads and triads were formed (Table 6). ‘

In sterile plants with typical flowers and flowers with petals closed in the calyx,
the 4-nuclear cenocyte transformed into microspore tetrads (Phots 15, 16). Regar-
ding a poorly fertile plant it is difficult to speak about a typical process of micro-
sporogenesis. In the 4-nuclear cenocyte (Phot. 33), in places, where normally intine
and exine are formed, dividing the cenocyte into four microspores, there appears
a small depression (Phots 35, 36). the nuclei migrate towards the central part of
the cenocyte and out of a 4-nuelear cell, without division, theré accur large, different
in shape “pollen grains” (Phots 5, 6, 7, 8). ;

" Table 7. The number of vegetative and generative nuclei in the
pollen grain of a poorly fertile plant of yellow melilot

Pollen graing with the nuclei

No. Of_ 1 vegetative | 2 vegetative | 1 vegetative | 1 vegetative
pollen grains . i : 1 nucleus
1 generative 2 generative 2 generative 3 genemtive
166 | 125 | 29 | 2 1] 1
|
The process of differentiation of large, 4-nuclear microgpores -— cach of the

initial nuclei divide independently of the remaining ones, but simultaneously,
into a vegetative and generative nuclei. After division, the vegetative nuclei link
with each other and the generative nuclei do the same. A formed pollen grain may
contain:

two large tetrapleid nuclei — vegetative und generative (Table 8); when after
the division of the initial nuclei the formed nuclei linked in 2 — a matured pollen
grain was 4-nuclear—with 2 generative and 2 vegetative nuclei containing a diploid
chromesome number; if four vegetative nuclei fused into « single vegetative fusion
nucleus and the generative nuclei fused in 2 — they gave rise to a pollen grain with
a tetraploid vegetative nucleus and two diploid generative nuclei;

grains with 4 nuclei — vegetative tetraploid and thice gencrative — one diploid
and two haploid;

mononuclear grains probably resulting from fusion of four initial nuclei of the
cenocyte (Table 7).

Averagely, there were 84.99, less pods and 88.9%, lcss seeds in the cluster of
a poorly fertile plant than in that of fertile plants (Table 3). There were also less
two-seeded pods. Throughout the vegetation season a large part of clusters did
nob set pods (Phot. 9).

Table 8. Pollen mother cells with undivided
nucleus in a poorly fertile plant of yellow
melilot

Number of PMC

P [
Division { with undivided nueleus
phase total
number %
Pachytene 97 6 6.2
Tetrads 397 28 6.8
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Seeds from a poorly fertile plant with large pollen grains were normally develo-
ped and did not diff:r from those of fertile plants. Sown out after scarification,
the seeds did not germinate even after 2 weeks, whereas seeds from fertile plants
germinated after 2 days. It may be suggested that the cause of the seed incapability
to germination in the studied plant is a nonorthogonal polyploidy of zygotes arisen
after fertilization (triploid and pentaploid ones).

Among the analysed pollen mother cells some had an undivided nucleus during
all the stages of chromosome division (Table 8). The nucleus of such cells differ in
structure from that of a typical cell (Phot. 37) and from those in a four-nuclear
cenocyte (Phots 38, 36). It was shrunken and its structure was not sharp. Sometimes

desintegration of the nucleus and cells followed the first division (Phot. 40), such
cells differed frcm the typical diads.

DISCUSSION

Many authors give the chrcmoscme number 2n=16 for the yecllow melilot
{Bolkhovskikh et al. 1969), whereas Lesins (1952) gives 2n=32 chromosomes
for the obtained tetraploid. In plants of that species studied by us, sterile and
poorly fertile with typical flowers and with ball-shaped flowers, the number n
chromosomes after reduction amounts to 8. Therefore, the studied plants were
diploid.

Only few pollen mother cells during chromosome conjugation were found to
have a single quadrivalent and a short, not conjugated bivalent fragment. In the
majority of the analysed cells the chromosome conjugation proceeded regularly.
Encountered in diakinesis and metaphase I single univalents were formed through
premature disjunction of chiazmata. The first and second divisions in sterile plants
with typical and ball-shaped flowers were without deviations. After the second
division the microsporocytes transformed into regular tetrads of microspores.

In the part of PMCs of a poorly fertile plant during anaphase I, the chromosomes
migrated towards the poles in unsimilar numbers, part of them remained in the
equatorial plane of the cell, where they subsequently divided into chromatids.
In some cells during that division phase the chromosomes — 16 in number — migra-
ted towards one pole.

Except a single cell with a chromatid bridge, the second division generally
proceeded normally. Few tetrads after the second division were found to have an
additional micronucleus and some microsporocytes transformed into diads and
triads.

The further process of microsporogenesis and pollen formation in a poorly fer-
tile plant, beginning with the tetrad phase, prcceeded in a different way than in
sterile plants. The microsporocyte did not divide into microspores. On its surface
there occurred small depressions at places, where normally intine is formed, and
the entire four-nuclcar cenocyte transformed into a large “pcllen grain” similar
in shape to the pollen laid in scme Orchidaceae, e.g. Calanthe veitchii (Poddubnaya-
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-Arnoldi 1976). Fused in a tetrad laid pollen of Calanthe veitchii differ from large
pollen grains of the melilot. In Calanthe veitchis each pollen grain fused in a tetrad
is binuclear and is surrounded by its own sporoderm; a large pollen grain of the
melilot is surrounded by a single, common sporoderm.

Female sterility of the meliot phenotypically is similar to that described in
cotton (Deshi 1966) and tobacco (Hsiung Wan-Mann 1967) and differs from
sterility in sugar beet (Jassem 1967, 1971) and yellow lupin (Kazimierski,
Kazimierska 1976). Similar in that, that in female sterile plants of cotton, tobacco
and melilot the ovaries develop normally. Female sterility, though different from
that of sugar beet with flowers without ovary and different from that of yellow
lupin, the flowers of which contained ovaries, was absolutely correlated with male
sterility.

Sterility of melilot plants with flowers in the shape of small balls seems to be
analogous to that found in Lupinus mutabilis (Kazimierski, Kazimierska,
in preparation). However, even a large similarity of external symptoms in the
mentioned species to sterility of yellow melilot provides no bascs to consider that
in all the cases genetic factors conditioning that trait are the same. The course of
meiosis, microsporcgenesis and a high vitality of pcllen in sterile plants with typical
flowers and in plants with flowers in the shape ¢f small balls, give no sufficient
grounds to explain the reasons of that phencmenon. In our opinion, these reasons
should be detected in the formation and development of female gametophyte.

It is difficult to consider that the cause of a low fertility of plants with typical
flowers and large pollen graing are deviations in the chromosome division during
anaphase I — the remaining of part of the chromosomes in the equatorial plane
of a cell, division into chromatids, moving of all the chromosomes towards one of
the cell poles — the more so, as anomalies of that kind were found only in 23.59%,
of the analysed cells. Not dividing PMCs with a shrunken dying nucleus, encoun-
tered among typical cells from pachytene to the tetrad stage of microspores, which
were about 6%, could not either to have a significant influence on the fertility of
plants. According to us, the main cause of a poor fertility of a studied plant may
be the transformation of entire tetrads into microspores and then, into large, shape-
less pollen grains. Normal mature seeds from a poorly fertile plant did not germi-
nate. The cause of that may be their polyploidy. After division of 4 initial pollen
nuclei into a vegetative and generative nuclei and after their subsequent fusion
there occurred the following pollen grains: tetraploid — with a single generative
and vegetative nuclei; diploid — with two vegetative and generative nuclei as well
as with a single vegetative and two generative nuclei; with a mixed ploidy — with
a single vegetative nucleus and three generative nuclei with the chromosome number
16, 8 and 8. Assuming, therefore, that the process of megasporogenesis and that
of megagametogenesis proceeded normally and that a haploid egg cell was formed,
after fertilization there might be formed the zygotes: pentaploid, triploid and
diploid. It may be that in the yellow melilot nonorthogonal polypleid seeds (zygo-

tes) as a result of lethal defects are incapable to live and do not germinate because
of that.



Phot. 1. Flowers: upper row — typical, lower row — corola almost
completely closed in the calyx, the pistil style is protruding beyond
the corola

Phot. 2. Inflorescences: on the left side — with typical flowers, in the centre —
with the corola closed in the calyx, on the right — petiole without pods
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Phots 3 - 8. Pollen. 3 — from a female sterile plant; 4 — from a fertile plant; 5 — from a poorly

fertile plant (Phote 3-5 — 100X); 6 — from a fertile plant; 7-8 — from a poorly fertile
plant (Phots 6-8 — 440x)
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Phot. 9. Fructifications: first from the left — from a
fertile plant, the remaining ones — from a poorly fertile
plant
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Phots 10 - 12. Diakinesis in female sterile

plants. 10 — a single nucleus and 8;

10-12 — numerous spherical bodies
stainable with carmine and 81



Phots 13 - 16. Female sterile plants. 13 — metaphase I, 811; 14 — anaphase I with 8 chromosomes
at each pole; 15 — a four-nuclear cenocyte; 16 — tetrad of microspores
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CONCLUSIONS

1. Female sterility in the studied plants of yellow melilot — with typical flo-
wers and with flowers in the shape of a small ball — probably results from irregularities
in megasporogenesis and megagametcgenesis. The prccesses of meijosis and micro-
sporogenesis in such plants proceed without large disturbances.

2. Though in a poorly fertile plant some deviations (logging chromosomes and
their division into chromatids at anaphase I) were encountered during chromosome
reduction and both divisions, in our opinicn, they are not the only cause of its
poor fertility.

3. We consider that the main cause of poor fertility is atypical course of micro-
sporogenesis — transformation of the entire four-nuclear cenocytes into micro-
spores and then, into bi- and multinuclear pollen grains. Binuclear pollen grains
are tetraploid, among four-nuclear grains are ones with 2 diploid generative nuclei
as well as with a single diploid nucleus and two haploid nuclei.

4. Presumably after fertilization of haploid female gamecte with polyploid
male one in yellow melilot there occur sublethal and lethal zygotes, which mostly
die in the process of ontogenesis.

5. The lack of vitality of matured seeds from a poorly fertile plant is probably
also a result of their nonorthogonal ploidy.

6. Atypical course of microsporogenesis may be a cause cf the formation of
pollen grains with a larger than haploid chromosome number, and therefore, in
consequence, it may cause the formation of new cytotypes.
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BADANIA CYTOLOGICZNE NIEPEODNOSCI I SEABEJ PLODNOSCI NOSTRZYKU
ZOLTEGO (MELILOTUS OFFICINALIS L.)

Streszczenie

Zbadano przyczyny zenskiej nieplodnosei i slabej plodnoéci u nostrzyku zéltego o kwiatach
typowych i w ksztalcie niewielkiej kulki. U roélin zedsko nieplodnych procesy mejozy i mikro-
. sporogenezy przebiegaly bez wigkszych zakléceri. W zwiyzku z tym przypuszcza sie, Ze przyczyng
nieplodnodci zenskiej sa zaburzenia w procesie megasporogenezy i megagametcgenezy.

U rodliny stabo plodnej, podeczas redukeji chromosoméw i ich podzialéw w komoérkach
macierzystych pylku, spotykano pewne odchylenia (op6Znione chromosomy, podzial na chroma-
tydy w pierwszej anafazie). Jednakze, z uwagi na stosunkowo niewysoki procent komérek
7 zaburzeniami, nie moga one byé przyczyna slabej plodnosci. Za przyczyne zasadniczg nalezy
uwazaé nietypowy przebieg mikrosporogenezy i przeksztalcanie si¢ calego czterojadrowego
mikrosporocytu w mikrosporg a nastgpnie w dwu- i wielojadrowe ziarna pylku. Ziarna dwu-
jadrowe sg tetraploidalne, w wielojadrowych natomiast znajdujg si¢ jadra di- i haploidalne.
Sa takze ziarna 1 - 0-jadrowe. Po zaplodnieniu haploidalnej gamety zeriskiej poliploidalna
gametg meska powstaja poliploidalne nieortogonalne zygoty, ktére przypuszczalnie w wigk-
szoei ging. Stad niska plodnosé badanej rosliny.

HMUTOJIOIT MUYECKUE UCCIEJOBAHUSI CTPEUJILHOCTU U CJIABOM
MJIIOAOPOAHOCTHU JIEKAPCTBEHHOIO OOHHUKA (MELILOTUS OFFICINALIS L)

Pe3romMme

UccnenoBansl NPHYAHLL XEHCKOH CTEPHIBHOCTH M ¢1aboil IITOAOPOAHOCTH ¥ JISKAPCTBEHHOrO IOH-
HHKA C THIIHYHBIMY IIBETAMM H C IBETAMHA B OpMe HEGONBLIOTO IAaPHKA. Y KEHCKO-CTEPUIILHBIX PACTEHH
TIPOIECCHl MEH03bI H MMKPOCIOPOTEHE3a IIPOTEKaI 6€3 DONbIIMX HADYHICHHH. B CBS3H ¢ 3THM MOXHO
NPEIONOKUTh, YTO NMPHIMHON KEHCKOM CTEPWILHOCTH SIBISIIOTCA HAPYUICHMs B IMPOLECCE METACHOpO-
[EHE3bl U MEraraMeTOrCHE3bI.

VY cnabo mIomopoaHOTO PACTEHHS BO BPEMSA PEAYKIMH XPOMOCOM H HMX HCIEHHH B MaTEPHHCKEX
KJIETKaX NbUIbLEL OBUTH ONPEAENEHHEIE OTKIIOHEHUS (3aM1a3ABIBAIOUIHE XPOMOCOMBI, JETICHHE HA XPOMATHIBI
B nepeoit anacgase). OgHaKO, B CBA3H ¢ OTHOCHTEIBLHO HEOONBIIHM IIPOUEHTOM KIETOK C HADYLICHHAMH
HE MOTYT OHH OBbITh NPHYHHOM Cc1aboi MIOAOPOJHOCTH. 3a OCHOBHYIO HDHHYMHY CICOYET CYMTAThH HETH-
OHYHBIA OPOUECC MUKPOCIOPOTESHE3n! M NPEOOPaXESHHE LENOoro 4-AAEpPHOTO0 MMKPOCIOPOUMTAa B MHKpO-
CIIOpY, & 3aTEM H JIBY- H MHOTOsAEpHbIC 3€pHa MbUIbLEL. J{BYSOCpHBIE 3E€PHA ABISIFOTCA TETPAIUIOHAHBIMHE,
a B MHOTOSIEPHBIX 3€pHAX HAXOIATCSA IBY- M TaIUIOMAHbIC sinpa. VIMEIOTCA Takke OOHOSHEPHEIC 38pHaA.,
ITocne onnmomOTROPETHA TAIUIONIHON XKEHCKOH TaMETb! TIOMILIOHIHON MYKCKOH 00pa3ytoTCs OIMILTON -
HBIC HEOPTOTOHANBHBIE 3HTCOTHI, KOTOPLIE IO BCEH BEPOATHOCTH B OONMBIIMHCTBE CBOEM mormbator., OT-

-Clofla HH3Kasd IUIOHOPOJHOCTE WCCIENYEMOIrO PACTCHHA.



