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HYBRIDS BETWEEN DIPLOID WHEAT AND RYE

II. AMPHIPLOID TRITICUM MONOCOCCUM L. x SECALE CEREALE L. —
MORPHOLOGY OF PLANTS, FERTILITY AND FUNCTIONALITY
OF GAMETES!

WOJCIECH SODKIEWICZ:?

Institute of Plant Genetics, Polish Academy of Sciences, Poznanh

Summary. Clones of amphiploid plants (4ARR) obtained as a result of chromo-
some doubling of the F;-hybrid Triticum monococcum x Secale cereale were studied. The
plants produced long spikes (16 cm) containing about 80 - 100 flowers, however, the
fertility of spikes was very low. Pollination with pollen of other triticale forms resulted
on the average in 149, of seeds in relation to the number of pollinated flowers, whereas
in the case of pollination with the own pollen averagely only 2.59, of flowers set seeds.
It has been found that stainability of pollen grains in 7'. monococcum X Secale cereale
amphiploid plants is a variable character, subject to environmental influences to a
significant extent. The ability of germination on agar media was displayed by only
8.7% of microspores. The viability of pollen grains studied in vivo was similarly low
on the own stigmas like on the stigmas of other triticale forms. These results indicate
that the cause of decreased fertility of amphiploid forms was a low viability of pollen
grains. This phenomenon suggests the occurrence of disturbances in the gene-cytoplasmic
balance. Studies have been undertaken with the aim to produce secondary forms of
AARRE amphiploid with 7. aestivum cytoplasm.

Despite a theoretical possibility of ABRR autoallodiploids of three different
genotype variants (AARR, A/BA/BRR and BBRR) occurring as a result of self-
-pollination, not any genotype presenting a linkage of a single wheat genome oc-
curring in nature with rye genome (A4 RR and BBRR) has been identified so far.
All the genotypes of tetraploid triticale studied until now with regard to the chromo-
somal composition had 7 pairs of wheat choromosomes in the form of synthetic
genome A/B A/B, where individual homeologous groups were represented by chro-
mosomes belonging to different 4 or B genomes (Gustafson, Krolow 1978,
Bernard 1984, Lukaszewski et al. 1984).

In connection with this the works on the obtaining of AARR genotype by the
so-called ,,direct synthesis”, i. e. crossing diploid wheat with rye, were also carried
out. These works brought about the obtaining of F, hybrid of diploid 7'. mono-
coccum wheat with the rye. cv Dankowskie Zlote (Sodkiewicz et al. 1980, 1982)
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and later — 16 further hybrids with the genotype AR (Sodkiewicz 1985). As a
result of doubling the chromosome number of that hybrid using colchicine the
first amphiploid form with the genotype A4 RR was produced (Sodkiewicz 1984).

The purpose of the present paper was to describe some morphological characters
of amphiploid plants and to determine the extent of pollen viability and plant
fertility as a result of different variants of pollination.

MATERIAL AND METHODS

Material for the studies consisted of amphiploid plants with the genotype
AARR obtained after chromosome doubling of the F, hybrid T'. monococcum var.
macedonicum X Secale cereale ov. Dankowskie Zlote by colchicine. An object of
the studies were two clones (Al and A2) of amphiploid plants derived from a mixo-
ploid as a result of vegetative propagation (Sodkiewicz 1984) and the clone Ds
obtained from the division of an amphiploid plant occurred generatively. That
plant was separated as a result of analysis of the chromosome number from the
progeny of colchicine-treated plants of the F, hybrid obtained as a result of free
pollination with pollen of alloplasmatic rye. The plant displayed the chromosome
number untypical of the backeross with rye and morphologically it was similar
to plants of 44RR amphiploid, which were obtained by cloning. An analysis of
the karyotype of that plant using differential staining of chromosomes (C-banding)
showed the presence of the genome composition 4 ARR. Measurements of morpho-
logical characters of clones of amphiploid plants were done on the plants grown under
greenhouse conditions.

Functionality of female gametes of 4.4 RR amphiploids was suggested on the basis
of results of pollination with foreign pollen. Pollen of the parental species, i. e. di-
ploid wheat and rye, as well as tetra-, hexa- and octoploid triticale, was transferred
on the stigmas by hand. Pollination was performed in the greenhouse and plastic
tunnel. Self-pollination of plants was carried out during 4 consecutive vegetation
seasons. In the first two seasons the pollen of amphiploid was manually transferred
onto the stigmas like it was done in pollination with foreign pollen, whereas in the
next vegetation season alongside that pollination part of the spikes were selfed by
closing them in paper isolators. During the fourth year all self-pollinations were
from free flowering under isolation conditions in paper bags.

Studies on pollen grain germination and pollen tube development on the stigmas
were performed using staining of pollen tubes with aniline blue and observations
under a fluorescent microscope. For fixation and staining of ovaries the mixture
of aniline blue (1%)+NaOH (1n)--Fit was used in the ratio 1:7:1: 1. Before
preparing slides the material was heated till boiling for 15 - 20 min (Neumanmn,
Naether 1980).

For germination of pollen grains under in vitro conditions the concentration
of sucrose and borie acid was established using pollen of the rye cv. Danlkowskie
Zlote as a control. For germination of pollen grains of amphiploid plants 4 variants
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of media with 159, sucrose concentration, containing 1.2, 1.5, 1.8 and 2.1 mg of
H,B0,/100 ml, respectively, were used. In the preliminary studies about 909,
of the tested rye pollen germinated within this range of concentrations. Pollen
grains were plated on the agar-solidified (19,) solution of sucrose+H,BO, trans-
ferred on the basic glasses. Each of three anthers plating a single basic glass of each
medium variant was finally fixed in acetocarmine to estimate stainability of pollen
grains contained in it. The staining extent of 100 pollen grains from each anther
and the germination ability of 100 pollen grains on the glasses of each of 4 medium
variants were determined. In addition to that, during two vegetation seasons the
pollen stainability of successively flowering spikes of the amphiploid was studied.
The per cent of stainable microspores was determined on the basis of observations
of 500 pollen grains from 5 anthers taken from the median part of the spike.

RESULTS

MORPH OLOGICAL CHARACTERISTIC OF AMPHIPLOID PLANTS

Tetraploid plants with the 4ARRE genome constitution were viable and showed
no physiological defects in the development, but in comparison to plants of the
F,(AR) hybrid clones they were characterized, however, by a lower tillering ability.
With regard to the height they were equal to plants of the parental rye cv. Dan-
kowskie Zlote and were markedly higher than the F, hybrid, which height was
intermediate in relation to the parents. In amphiploid plants AARR the genome
of Triticum monococcum wheat, the plants of which were about 30 cm lower, had
no influence on the expression of that character. The neck of amphiploid plants
was somewhat longer than that of rye. In the parental species (diploid wheat and
rye) the neck constituted 37 and 37.9%, respectively, of the stem length, while
in the F, hybrid and in amphiploid plants it was 44 and 409%,, respectively. In the
forms obtained as a result of chromosome doubling an elongation of the neck and
internodes was observed, due to which the plants were characterized by longer
stems, whereas the percentage ratio of the neck to the total shoot length was re-
ducted. The neck at the spike base was markedly, though not too densely pubescent.
The stem nodes like in rye were cylindrical, yellow-green, naked.

The stem diameter of the amphiploid form (measured in the middle of the second
internode) was larger in relation to the parental species and distinctly larger than
that of the F,-hybrid. Amphiploid plants were more vigorous from both F, hybrid
and rye, particularly with regard to the leaf length and breadth, the spike length
and spikelet number per spike (Tab. 1). Clones of amphiploid plants were charac-
terized by intensively green colour (since the leaves are naked and have no waxy
coating). Leaf sheats in the lower part of plants were slightly anthocyanin-coloured.
The spikes also with intensively green colour contained about 50 two-floret spikelets.
The spikelets were noticeably broader than those of amphidiploid AR plants, but
morphological characters of husks and glumes were similar to those described in
the F, hybrid plants (Sodkiewicz 1982).
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FERTILITY OF 4A4RR CLONES AND FUNCTIONALITY OF FEMALE GAMETES IN DIFFERENT POLLINATION
VARIANTS

Despite the fact that with regard to the chromosome number and genome
composition this is a cytogenetically balanced karyotype, the plant fertility of the
three studied amphiploid clones was low (Table 2). The maximum coefficient of
functionality of female gametes found on the basis of the number of seeds set as
a result of pollination with triticale pollen is 249%,. The effectiveness of pollination.
changed depending on the applied pollinator (2z- wheat, 22- rye, 4a-, 62-, 8z-
triticale).

Table 2. The number and per cent of set seeds in clones of the amphiploid
T. monococcum X 8. cereale (AARR) in different variants of pollination

Number of Seed setting -

" e 5

Pollinator pollinated number per cent Elyctyationgen 3,
from — to

flowers
Secale cereale (2x) 2436 234 9.61 5.50 - 12.38
Triticum monococcum (2x) 385 0 0.00 0.00 - 0.00
Triticale (+4x) 66 (] 9.09 -

Triticale (62) 2151 306 14.23 7.71 - 21,22
Triticale (8z) 2825 401 14.19 10.66 - 24.19
Self* 325 0 0.00 0.00 - 0.00
Self 1663 4 0.24 0.00 - 2.31
Self 5756 274 4.76 1.60 - 10.74
Self 4294 35 0.82 0.10 - 2.96
Totally 12.247 313 2.55 0.00 - 10.74

* results of seed setting under self-pollination conditions obtained in four consecutive
vegetation seasons

The effectiveness of pollinations with pollen of the parental species is significantly
lower than that of triticale pollen. As a result of pollination with rye pollen about
10% of seeds were obtained, whereas pollinations with pollen of diploid wheat
did not bring about seed setting at all (Table 2). Pollinations of amphiploid A4RR
plants with triticale pollen having varied extent of ploidy gave on the average
14.1% of the set seeds (9.1, 14.2 and 14.29%,, when applying, respectively, the forms.
of +4x-, 62- and 8z- triticale).

From the data summarized in Table 2 it is seen that amphiploid plants after-
self-pollination set seeds to a significantly smaller per cent than as a result of pol-
lination with foreign pollen. Averagely, on the three studied clones during 4 vegeta-
tion seasons only 2.59, of selfed flowers of the studied amphiploid plants set seeds.
Thus, pollinations with pollen of other triticale forms are about 6-fold more effec-
tive than those with the own amphiploid pollen. Results of self-pollination were
unstable and changed depending on the vegetation season, as well as depending
on the date of plant flowering and vegetation conditions during a season. Self
-pollination done under plastic tunnel generally gave better results than those
carried out under greenhouse conditions during the same year. In the plastic tunnel
a higher air humidity was noted, which probably had a favourable influence on the
seed setting.
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FUNCTIONALITY OF MICROSPORES

Anthers of amphiploid plants were normally developed. As compared to the
F, hybrid, they had much more developed pollen sacs, which were self-dehiscent
and releasing pollen (Fig. 1). A low effectiveness of self-pollination, therefore, may
result either from genetic barriers unabling (or limiting) self-pollination or from a
generally low pollen viability and germination ability on the stigmas.

The development of pollen tubes from microspores of amphiploid plants during
germination on its own stigmas and on the stigmas of hexaploid triticale was ob-
served (Table 3). Observations of the pollen tube growth on the stigmas of amphi-

Table 3. The length of pollen tubes germinating from pollen grains of
the AARR amphiploid on the stigmas of amphiploid plants and 6z triti-

cale
Number of observed Length of pollen tubes acec.
Pollination combination microspores pollen tubes to scalex
01 2 3 4 5 6
Triticale 6z X clone A2 580 8 I 1.7 = 28 1
Clone A2 X A2 622 28 4 7 2 5 6 3 1
Clone Al x Al 472 17 1 3 2 3 38 31

x — Determination of the survey scale of pollen tubes
0 = length of pollen tube does not exceed the pollen grain diameter
1-4 = pollen tube length: from more than 1 diameter of pollen grain to more than 5
diameters
5 = pollen tube is growing in the pistil tissue
6 = pollen tube length is 1/3 of the stigma length

ploid plants, on which self-pollinations were performed, showed no reaction of self-
-incompatibility (Fig. 2). Attention is drawn by the fact that the number of pollen
grains with pollen tubes was small in relation to the total number of the observed
microspores (Table 3), which permits to suggest that only few pollen grains were
capable of germination. Estimation of the per cent of germinating pollen grains
was difficult, because many non-germinating pollen grains came off from the stigmas
during heating them before preparation of microscope slides. Despite these dif-
ficulties it was observed that the frequency of germinating amphiploid pollen
grains on the foreign stigmas is similarly low as in the case of self-pollination.
Regarding the tube length no significant differences were noticed in the both variants
of pollination. As seen from Table 3 the variation range of the pollen tube length
in the case of pollen germination on the stigmas of amphiploid 44 RR plants and on
the stigmas of 6z-triticale is nearly identical. It was observed that pollen tubes
grew into the pistil tissue in the both variants of pollinations.

Microscopic observations were supported by results of seed setting obtained
in this two studied pollination variants with pollen of amphiploid clones (Table 4).
The per cent of effective pollinations in the case of self-pollination does not differ
distinctly from the results of seed setting, obtained as a result of pollen germination
on the stigmas of hexa- and octoploid triticale. These results suggest that pollen
germination on the emphiploid stigmas is not influenced by self-incompatibility



Fig. 1. Anthers of the hybrid T'. monococcum X 8. cereale (from the left) and the A4 RR amphi-
ploid — clone A2 (from the right)

Fig. 2. The amphiploid T'. monococcum X 8. cereale — pollen tubes on the
stigma after self-pollination



Fig. 3. Pollen grains germinating on agar media, a — pollen grains of 2z rye,
b — pollen of the 4ARR amphiploid (clone A2).
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Table 4. The effectiveness of self- and cross-pollination of the amphiploid T'. monococcum x S.
cereale (clones A, and A,)

Number of

Pollination Ber tons oF
. Cross combination pollinated obtained effective
variant 5
flowers seeds pollinations
Self-pollination amphiploid A 4RR (A1) x amphiploid A 4RR (A1) 245 1 0.41
amphiploid A 4RR (A2) x amphiploid A4RR (A2) 1488 0 0.00
Cross-pollination 62 — triticale (LT 522) x amphiploid A4RR (A2) 836 4 0.48
8z — triticale (85/72) x amphiploid AARR (A2) 284 2 0.70

reaction, but the general germination ability of pollen grains, tube growth and
fertilization of egg cells is very low.

In order to ascertain, what part of pollen produced in the anthers is viable
and capable of germination, studies on pollen germination on agar media were
undertaken (Fig. 3). On the control glasses with rye pollen — averagely for 4
variants of medium and 3 replications — 88.1% of grains germinated, whereas
pollen of amphiploid plants germinated only in 8.79, (Tab. 5).

Table 5. Percentage of acetocarmine-stained pollen grains of diploid rye cv. Dankowskie
Zlote and the amphiploid 7'. monococcum x S. cercale (clone A2) germinating on agar media

Germination of pollen grains on the media Pollen grain stainability
Pollen genotype varlants of media averagely anther averagely
| 1 | 11 o | 1v (I-1V) 1 | 2 | 3 -3
1. Bye — RR (control)
ev. Dasikowskie Ztote
a 85 86 91 92 88.5 — = — -
89 89 87 93 89.5 91 94 92 92.3
c 88 90 81 87 86.5 = =5 — =
2. Amphiploid — A4ARR
a 10 1 11 5 6.7 71 67 68 68.8
b 8 9 7 15 9.7 62 86 79 75.6
c 7 3 14 15 9.7 67 73 73 71.0
Mean for medium variant
1. Rye — RR 87.3 88.3 86.3 90.6 8.1 | 91 94 92 92.3
2. Amphiploid — 4ARR 8.3 4.3 10.6 11.6 8.7 | 666 75.3 783 | 7.7

I - IV — H,BO, concentrations: 1,2 1,5 1,8 2,1 mg/100 ml
4, b, ¢, — consecutive samples consisting of three well-developed
anthers collected from plants flowering in a plastic tunnel

Despite such a low germination ability, pollen grains were normally formed
and filled with cytoplasm to a large per cent. Stainability of pollen grains originating
from the same anthers of amphiploid plants, which were used for transferring pollen
on agar media, was from 68.6 to 75.6%, in acetocarmine solution. However, not
always the stainability of pollen grains was so high. In individual spikes of amphi-
ploid plants it changed from 0 to 30.2%, in the spikes of the clone Al and from 0
to 34.0% in the spikes of the clone A2. During the next vegetation season the ob-
tained results in plants of the clone A2 differed significantly and per cent of pollen
grains from individual spikes ranged from 12.5%, to 76.09%,.

2 Genetica Polonica 3 -~ 4/88
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Results concerning stainability of pollen grains are summarized in Fig. 4 accord-
ing to the order of spike flowering. It was also marked which spikes are the first
ones on the plant (with regard to the flowering date). The results arranged in this
way permitted to find that the occurrence of spikes with the largest per cent of pol-
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Fig. 4. Per cent of acetocarmine-stained pollen grains of the amphiploid T'. mono-
coccum X S. cereale from successively flowering spikes of plants growing under
greenhouse conditions

len stainability showed no relation with a group of spikes flowering on the main
shoot of a plant. When during one vegetation season a high per cent of stained
pollen grains was found in part of the first spikes developing on amphiploid plants,
the next year the highest values were obtained on the later spikes (Fig. 4). Spikes,
producing pollen with the largest number of stainable grains, occurred side by side

in the both vegetation seasons forming one group.






