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Summary.  Five F 1 plants have been obtained after exten- 
sive crossing between different ecotypes or varieties of  
Festuca arundinacea Schreb. and Dactylis glomerata L. 
The success did not  appear to depend on specific treat- 
ments (spraying with e-aminocaproic acid or gibberellic acid 
or pre-pollination with killed pollen from the seed parent),  
but  the crossability is l imited to exceptional plants. 

FI  hybrids showed characteristics of  both  the parents. 
In four hybrids various developmental disturbances were 
observed (low viability, aneusomaty,  absence o f  devel- 
opment  of  inflorescences). Only one hybrid consistently 
showed 2n = 35 chromosomes, good viability and growth, 
however, it was sterile. After  clonal propagation, a t tempts  
for polyploidizat ion were started. 
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Introduction 

Interspecific and intergeneric hybrids have frequently de- 
veloped into new alloploid species in nature. Interspecific 
hybridizat ion is also important  for plant breeders, who t ry  
to combine useful features o f  different species or want to 
increase the genetic variability within a species. Formerly,  
in most o f  the cases only closely related species or genera 
were crossed. However, in the last few years crosses be- 
tween phylogenetically distinct species have also often 
been made, using improved methods.  Thus, already some 
papers have prepared describing at tempts  to cross different 

genera o f  cereals (e.g. Bates et al. 1974; Kruse 1976; Islam 
et al. 1976; Thomas et al. 1977; Cooper et al. 1978;Fedak  
1978a, b; Dehne et al. 1980). In this paper, results will be 
reported concerning successful crosses between the remote- 
ly related speciesF, arundinacea Schreb. andD. glomerata L. 

Materials and Methods 

Several ecotypes and cultivars from both parental species were 
used. The emasculated and pollinated plants of F. arundinacea 
were descended from Sveriges Uts~idesf6rening Svalff, 2n = 42 (Pop. 
1); Botanischer Garten und Museum Berlin-Dahlem, 2n --- 42 (Pop. 
2); Kulturpflanzenweltsortiment Gatersleben, 2n = 42 (Pop. 3); 
'Sapadnaja', variety from USSR, 2n = 42 (Pop. 4); 'Kentucky', var- 
iety from USA, 2n = 42 (Pop. 5); Station Nationale d'Essais de Se- 
mences Versailles, ssp. orientalis, 2n = 42 (Pop. 6); Station Nationale 
d'Essais de Semences Versailles, ssp. fenas, 2n = 28 (Pop. 7); Sta- 
tion Nationale d'Essais de Semenees Versailles, ssp. pseudo, mairei, 
2n = 56 (Pop. 8); Station Nationale d'Essais de Semences Versailles, 
ssp. X, 2n = 70 (Pop. 9). From D. glomerata, the varieties 'Lischo- 
wet Sp/ites' (Pop. 1), 'Kutzlebener' (Pop. 2), 'Motycka' (Pop. 3), 
and a population growing in the environments of the village of 
Gatersleben (Pop. 4) were used as pollinators. 

About five hours after pollination the ovaries, along with stig- 
mata from some of the mother plants, were fixed for cytological 
studies of pollen germination and tube growth (according to Dionne 
1958; Naether 1971). About 15 - 19 days after pollination the 
embryos were isolated and cultured on a modified Norstog (1973)- 
medium (0.2 mol/l sucrose, 2 ppm indolyl acetic acid, .10 per cent 
coconut milk). The procedures of crossing and embryo culture 
were similar to those described by GrSber et al. (1974). 

Results 

Most of  the plants ofF .  arundinacea showed strong gametic 
incompatibi l i ty with D. glomerata. Pollen germination and 
tube growth were irregular and hence no fertilization oc- 
curred (Table 1). It was not  possible to overcome the game- 
tic incompatibi l i ty  by means of  t reatment  with e-amino- 
caproic acid, gibberellic acid or pre-pollination with killed 
pollen from the female species. In certain plants o fF .  arun- 
dinacea, however, the gametic barriers were not  so strong. 
In these plants, embryos developed after fertilization, but  
endosperm development was always strongly disturbed 
(missing or lagging, granulous and hard structures). In or- 
der to prevent abort ion,  the embryos were excised and cul- 
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tured on artificial medium. In this way five plants were ob- 
tained. The five F~ hybrids arose from two mother plants 
of Population No. 2 of F. arundinacea (Table 2). The in- 
compatibility varied not only between single individuals 
but also between different ecotypes or varieties (Table 2). 
The population of the pollinator also influenced the results. 

Developmental disturbances were observed not only in 
the endosperm or embryo but also in the growing F~ plants. 
Two plants died after being transplanted to soil. Two other 

Table 1. Pollen germination, pollen tube growth and development 
of  embryos in several mother  plants of F. arundinacea Schreb. af- 
ter pollination with Dactylis glomerata L. (1974-1977) 

O 

. .  

2 2/1 2 without ++ + 
2/9 4 pre-poll. ++ o 

3 3/2 3 EACA o o 
4 4/1 2 EACA o o 
5 5/2 2 EACA o o 

5/3 2 + 3 without  + o 
6 6/1 2 GA 3 o o 

6/2 3 without  o o 

a pre-poll. = Pre-pollination of  the mother  plant with killed pollen 
of  the female species; EACA = Spraying of  e-aminocaproic acid on 
the stigmata before pollination; GA 3 = Spraying of  gibberellic acid 
on the stigmata before and after pollination 
b o = No pollen germination or tube growth within the stigmata, 
no embryo development; + = Tube growth disturbed within the 
stigmata, embryo development disturbed because of  missing endo- 
sperm; ++ = In some cases pollen tubes entered into the ovule 

hybrids showed poor vegetative growth (Table 3). They 
remained some years vegetative and did not develop in- 
florescences despite vernalization and treatment with in- 
dolyl acetic acid. The chromosome numbers of these hy- 
brids were somatically unstable. (2n = 14-56). Different 
counts were determined within individual root tips. Only 
hybrid No. 5 showed normal development; it was highly 
viable, grew well and had a constant number of chromo- 
somes, 2n = 35. 

The F1 hybrids showed typical characteristics from 
both of the parents, e.g. from D. glomerata: greyish green 
leaves, youngest leaf folded, missing auricles, white ligules; 
and from F. arundinacea: stiff leaves, enclosed leaf sheaths, 
pilose base of lamina (see Table 3). The hybrid No. 5 de- 
veloped many vegetative tillers and inflorescences as well 
(Fig. 1). The inflorescences were found to be intermediate 
when compared to the parents. This hybrid was complete- 
ly sterile after free pollination as well as after pollination 
with both parental species. It was propagated vegetatively. 

Discussion 

Interspecific and intergeneric hybrids have often been pro- 
duced between closely related fodder grasses. Crosses be- 
tween the remotely related species Festuca arundinacea 
Schreb. and Dactylis glomerata L., however, have not sue- 
cessfully been done anywhere as far as we know. Previously 
we had supposed that our success in crossing these species 
might be attributed to the pre-pollination of the mother 
plant with killed pollen of the female species (Matzk 1976). 
Later, however, we found that applied treatments before 
or after pollination had no influence on gametic incompat- 
ibility (Matzk et al. 1980). Instead, an idiotypically condi- 
tioned, specific crossability of the parents could be proved. 

Table 2. Results of  crosses between several populations of Festuca 
arundinacea Schreb. 9 and Dactylis glomerata L. ~, 1974-1979 

~ 5  6 

- 

~ . , ~  

1 3 258 2 + 3 0 - - 
2 9 4464 1 + 2 + 4 3 80 5 
3 2 567 1 + 3 1 12 0 
4 5 816 2 1 1 0 
5 3 798 1 + 2 0 - - 
6 3 586 2 + 3 0 - - 
7 2 492 1 + 2 0 - - 
8 1 64 1 1 1 0 
9 3 511 1 + 2 0 - - 

31 8556 4 6 94 5 

Fig. 1. F. arundinacea X D. glomerata hybrid in comparison with 
plants of  the parental species (from left to right: 17. arundinacea, 
two cloned plants from hybrid No. 5, D. glomerata) 
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Table 3. Description of the Ft hybrids between Festuca arundinacea Schreb. and Dactylis glomerata L. 
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Hybrid Crossing No. of the Chromosome Phenotype Remarks 
No. year 9 parent number 2n 

1 1975 2/1 Not studied Seedling very poor growing; leaves very Died in March 1976 
small; low viability 

2 1975 2/1 Many narrow tillers and leaves; leaves 
greyish green, shallowly nerved, base 
of lamina weakly pilous, without auricles, 
ligules white and shallowly fringed, 
youngest leaf folded; leaves monostichous; 
vigorous root system;remained three 
years vegetatively despite vernalization and 
treatment with indolyl acetic acid and 
gibberellic acid; in 1979 two infloresences 
emerged with only one sterile spikelet each 

14 to 56 
(mostly 28) 

3 28 to 42 
(mostly 42) 

1975 2/1 Few big and stiff shoots; leaves strong nerved 
and stiff, base of lamina weakly pilous, 
without auricles, ligules white and tapering, 
lamina and youngest leaf folded; poor root 
system; remained four years vegetatively 
(even after vernalization and hormone 
treatments) 

1979 2/1 Seedling very poor growing; leaves very small; 
low viability 

1979 2/4 Vigorous plant, good tillered; leaves wide 
and long, stiff, strong nerved, lower surface 
bright, youngest leaves folded, base of 
lamina weakly pilous, without auricles, leaf 
sheats closed, ligules white and tapering; in- 
florescence a panicle, intermediate to parents, 
middle high, short awns; anthers undehisced, 
few pollen, plant sterile 

Not studied 

35 (constantly) 

At present 
still existent 

Died in October 1979 

Died in November 1979 

Vegetatively propagated 
for polyploidization 
attempts 

Similarly, Thomas et al. (1977) succeeded in crossing Hor- 
deum vulgare and Tn'ticum aestivum without application 
of immunosuppressants (e.g. e-aminocaproic acid) or gib- 
berellic acid, contrary to the results of Bates (1976), Islam 
et al. (1976) or Kruse (1976). 

The occurrence of large differences in the crossability 
of different cultivars was demonstrated in crosses between 
barley and wheat (Islam et al. 1976; Thomas et al. 1977; 
Fedak 1978a), between barley and rye (Fedak 1978b; 
Pickering and Thomas 1979) as well as in the present study 
between F. arundinacea and D. glomerata. These differ- 
ences are unpredictable because the exact reasons of an 
'idiotypically specific crossability' are unknown. At present 
we can not say, whether it is possible or not to preselect 
exceptional plants or strains with good crossability on the 
basis of easily visible characters. According to Matzk 
(1980), the interspecific gametic incompatibility does not 
depend on the self-incompatibility reaction. Generally, it 
appears that the rate of success in interspecific crosses can 
be increased by using many different idiotypes, rather than 
by crossing extensively a few specific cultivars. 

Characteristics from both of the parental species are 
combined in the produced hybrids betweenF, arundinacea 
and D. glomerata. The viability of the five F1 hybrids and 
their vegetative growth varied considerably. Developmental 
disturbances were observed in our seedlings and young 
plants of F arundinacea x D. glomerata as well as in bar- 
ley x rye hybrids by Fedak (1978b) and Pickering and 
Thomas (1979). Moreover, strong aneusomaty was found, 
the same being reported for barley x wheat hybrids (Tho- 
mas et al. 1977; Fedak 1978a) and for maize x Tripsacum 
hybrids (James 1979). 

At present only one hybrid between F. arundinacea 
and D. glomerata is well tiUering and viable. This hybrid 
has the chromosome number 2n = 35 and is sterile. We are 
going to double the chromosome number by means of 
colchicine with the aim of producing fertile alloploids. 
Future studies will show whether or not a new valuable 
fodder grass can be realized from this combination. The 
possibility of inducing apomictic propagation (Gr6ber et al. 
1974) in this material is also taken into consideration. As 
great variability is a prerequisite for breeding new aUoploids 
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(Cauderon 1978), more Fl  hybrids between F. arundi- 

nacea and D. glomerata have to be produced. 
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