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Summary. Four nuclear genotypes of  Triticum aestivurn 
L., each substituted into the cytoplasm of  T. timococ- 
cum Kostoff, Aegilops ventricosa Tausch and T. tirno- 
pheevi Zhuk.,  were crossed with four homozygous  
Secale cereale L. inbred lines to produce 48 alloplasmic 
octoploid pr imary  triticales. Crossability, embryo  dif- 
ferentiation, amphihaploid  plantlet  recovery in vitro, 
and response to colchicine t reatment  were investigated. 
It was found that in general the effects o f  the wheat  
cytoplasm on the characteristics studied were of  equal 
importance as those of  the wheat  and the rye nuclear 
genotypes. Cytoplasm can be regarded as an additional 
source of  variation in the synthesis o f  pr imary triticales. 
Cross-compatibil i ty in wheat  X rye hybrids appeared  to 
be determined by specific parental  genotypes and their 
nucleo-cytoplasmic interactions rather  than by any 
general compatibil i ty of  particular nuclear genotypes 
and /o r  cytoplasms. 

Key words: C o m m o n  wheat  - Rye inbred lines - 
Alloplasmic triticale - Wheat  cytoplasm - Wheat  x rye 
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Introduction 

Cytoplasmic influences on the manifestat ion of  mor-  
phological and physiological traits have been reported 
for a great number  of  cultivated plants. In numerous  
instances male sterility has resulted from incorporating 
alien cytoplasms in interspecific crosses but, in addi- 
tion, a wide range of  traits such as vigour, maturity, 
yield, and seed characters were affected (Duvick 1965; 
Edwardson 1970; Sage 1976; Busch and Maan  1978; 
Maan 1979; Ward et al. 1983). 

With regard to nucleo-cytoplasmic interactions in 
the intergeneric wheat  • rye hybrid triticale ( •  Tritico- 

secale Wittmack), various experiments  were conducted. 
Hsam and Larter  (1974) synthesized isogenic hexaploid 
triticales differing only in the source of  their cytoplasm. 
Improved  performance due to the female tetraploid 
wheat  which possessed hexaploid wheat  cytoplasm was 
noticed in terms of  embryo development ,  plant  height, 
and fertility. 

Jouve and Soler (1978) studied the influence of Triticum 
timopheevi and Aegilops ovata cytoplasm on meiotic behaviour 
in triticale. Increased meiotic stability was detected in those 
forms with Ae. ovata cytoplasm. S~lnchez-Monge (1975) 
reported on triticales produced with rye and wheat cytoplasm, 
both having the same genomes, and indicated that hexaploid 
triticales with rye cytoplasm appeared to be of little practical 
value. In a recent study Tsunewaki et al. (1984) described the 
effect of seven cytoplasms of alloplasmic triticale cv. 'Rosner' 
on various agronomic characters. None of the cytoplasms ap- 
peared to be superior compared to euplasmic 'Rosner'. 

Information as to the effect of nucleo-cytoplasmic inter- 
actions on the synthesis of primary triticales is insufficient 
at present. Hsam and Larter (1974) presented results on 
crossability and embryo behaviour using 6x- and 4x-wheat 
cytoplasm. Stefanowska and Cauderon (1983) reported high 
crossability of a common wheat cultivar with Ae. ventricosa 
cytoplasm when pollinated with the cv. 'Petkus'. However, 
both these studies were conducted with undefined triticales 
produced from wheat • open-pollinated rye populations. 

The present report  describes for the first t ime the 
nucleo-cytoplasmic relationships in wheat  affecting 
various characters in the product ion o f  genetically 
defined octoploid triticales synthesized from twelve 
alloplasmic wheats each crossed with four rye inbred 
lines. 

Materials and methods 

As donors of cytoplasm three sources were used: Triticum 
timococcum Kostoff, Aegilops ventricosa Tausch, and Triticum 
timopheevi Zhuk. The nuclear genotypes of four winter wheat 
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Table 1. LS-estimates of mean values of four maternal wheat genotypes, four paternal rye inbred lines and three cytoplasms for 
crossability, embryo development and response to colchicine treatment. The number of cross combinations is given in parenthesis 

Factor Crossability Embryo development Colchicine treatment 

% Seed set % seeds with % plantlets % plant % amphidi- Mean no. of 
from survival ploid plants seeds per 

well-differentiated embryos 2n plant 

Wheat 
14 2.5(12) 35.8(12) 85.2 (9) 94.6 (9) 19.2 (9) 4.2 (8) 
32 4.4(12) 29.2(12) 83.5 (8) 83.2 (9) 13.1 (9) 7.4 (6) 
40 2.8(12) 58.1 (12) 81.0 (9) 88.4 (9) 22.3 (9) 8.0 (8) 
42 4.9(12) 41.7(12) 68.9 (9) 89.1 (9) 16.4 (9) 6.1 (6) 

Rye 
L 60 3.3 (12) 44.1 (12) 83.7 (12) 90.6 (12) 13.2 (12) 2.8 (8) 
L 282 8.8 (12) 43.2 (12) 75.4 (12) 87.2 (12) 25.4 (12) 7.3 (11) 
L301 1.6(12) 44.6(12) 79.9(11) 88.7(12) 14.8(12) 9.2 (9) 
L 311 0.9 (12) 33.0 (12) - - 

Cytoplasm 
T. timococcum 2.4 (16) 30.8 (16) 84.3 (11) 83.8 (12) 14.4 (12) 7.5 (9) 
Ae. ventricosa 5.2 (16) 42.9 (16) 75.3 (12) 91.1 (12) 19.4 (12) 6.0 (9) 
T. timopheevi 3.4 (16) 49.9 (16) 79.3 (12) 91.7 (12) 19.6 (12) 5.7 (10) 

lines Triticum aestivum L. (14, 32, 40, 42) were substituted into 
each cytoplasm by four successive baekcrosses. Each of the 
lines carried 'Primrpi' restorer genes 1. The 12 male-fertile 
altoplasmic wheat parents were crosses with four winter rye 
inbred fines Secale cereale L. (L 60, L 282, L 301, L 311) each, 
to produce a total of 48 wheat x rye hybrid combinations. 

Cultivation, crossing, and embryo culture techniques were 
performed as described earlier (Oettler 1983, 1984). An aver- 
age of 700 florets were pollinated from each cross combination. 
For eolcfiicine treatment of the hybrid plants the method of 
Jensen (1974) was followed by using a 0.15% colchicine solu- 
tion. The treated plants were further handled as described 
by Oettler (1982). 

For each cross combination the characters seed set, 
proportion of well-differentiated (with scutellum) excised 
embryos, and amphihaploid plantlets recovered from in vitro 
techniques were recorded. Response to colchicine application 
was assessed as percentage plant survival after treatment and 
proportion of amphidiploid plants or plants with diploid sec- 
tors obtained, and as the average number of seeds per 
amphidiploid. 

Percentage data were corrected, weighted and transformed 
to arcsin according to Anscombe (Laubscher 1961) and 
Snedecor and Cochran (1967), and subjected to analyses of 
variance for unbalanced data (van Baaren 1973; Utz, unpub- 
lished). Mean values were obtained as least squares (LS) 
estimates, corrected for missing data. 

Results 

Wheat • rye crossabiHty 

The first co lumn in Table 1 shows the mean seed set for 
the three cytoplasms, and the four wheat  and rye 

1 The wheat material was kindly made available by Dr. F. 
Keydel, Freising-Weihenstephan 

parents. The variat ion among cytoplasms and wheats 
was small and very similar, while the rye parents  dif- 
fered considerably in their abil i ty to fertilize different 
wheats. 

Table 2 gives a more detai led account on crossabili ty 
of  individual  parents  in specific cytoplasms. Wheat  
parents in the Ae. ventricosa cytoplasm exhibi ted the 
widest range in seed set (1.8% to 9.4%). Differentiat ion 
of  the rye inbreds for crossabili ty was also best in that 
cytoplasm (1.6% to 13.2%). 

All three sources of  variat ion and cytoplasm x wheat  
interaction were significant as revealed by the analysis 
of  variance (Table 3). 

Embryo development 

A large variat ion was observed in the propor t ion  of  
seeds with well-differentiated embryos (Fig. 1) for cyto- 
plasms and wheats (Table 1, second column). For  rye 
inbreds the range was much narrower. 

The detai led representat ion o f  the means (Table 2) 
revealed that the wide range in variabi l i ty  o f  wheat  
parents was part icularly pronounced  in T. timocoecum 
cytoplasm (6.7% to 56.3%). The rye parents  also ex- 
hibited the widest range (11.5% to 38.2%) in that cyto- 
plasm. The Ae. ventricosa cytoplasm, however, induced 
little differentiation. 

The analysis of  variance (Table 3) displayed sig- 
nificant differences due to the rye parents  and  the cyto- 
plasms. 

Since rye inbred line L 311 in most cross combina-  
tions failed to give viable plantlets  in vitro, it was 
excluded from further examination.  The propor t ion  o f  
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Table 2. LS-estimates of mean values of four maternal wheat genotypes in three cytoplasms each and crossed with four rye inbred 
lines for crossability, embryo development and response to colchicine treatment. The number of cross combinations is given in 
parenthesis 

Factor Crossability Embryo development Colchicine treatment 

% Seed set % seeds with % plantlets % plant % amphidi- Mean no. of 
from survival ploid plants seeds per 

well-differentiated embryos 2n plant 

T. timococcum 

Wheat 14 1.8 (4) 31.0 (4) 91.9 (3) 93.7 (3) 12.7 (3) 1.9 (3) 
parent 32 3.1 (4) 6.7 (4) 96.3 (2) 68.8 (3) 6.3 (3) 10.8 (1) 
(female) 40 2.4 (4) 56.3 (4) 75.4 (3) 82.9 (3) 23.8 (3) 10.2 (3) 

42 2.2 (4) 29.3 (4) 73.8 (3) 89.9 (3) 14.8 (3) 7.2 (2) 

Rye L 60 2.1 (4) 38.2 (4) 93.9 (4) 86.3 (4) 10.1 (4) 4.0 (3) 
parent L 282 6.2 (4) 36.1 (4) 79.4 (4) 78.2 (4) 17.3 (4) 7.2 (3) 
(male) L 301 0.9 (4) 37.6 (4) 79.7 (3) 86.9 (4) 15.8 (4) 11.3 (3) 

L311 0.5 (4) 11.5 (4) . . . .  

Ae. ventricosa 

Wheat 14 3.1 (4) 45.3 (4) 78.6 (3) 93.5 (3) 18.3 (3) 4.4 (2) 
parent 32 6.4 (4) 35.2 (4) 68.1 (3) 84.2 (3) 24.7 (3) 10.9 (3) 
(female) 40 1.8 (4) 55.6 (4) 87.9 (3) 96.9 (3) 22.3 (3) 6.7 (2) 

42 9.4 (4) 35.6 (4) 66.6 (3) 89.8 (3) 12.2 (3) 1.9 (2) 

Rye L 60 3.7 (4) 33.9 (4) 79.6 (4) 90.2 (4) 10.7 (4) 2.6 (2) 
parent L 282 13.2 (4) 48.4 (4) 65.3 (4) 91.2 (4) 31.1 (4) 7.6 (4) 
(male) L 301 2.1 (4) 40.8 (4) 81.0 (4) 91.8 (4) 16.3 (4) 7.7 (3) 

L 311 1.6 (4) 48.6 (4) . . . .  

T. timopheevi 

Wheat 14 2.6 (4) 31.0 (4) 85.3 (3) 96.8 (3) 26.7 (3) 6.4 (3) 
parent 32 3.8 (4) 45.6 (4) 86.0 (3) 96.6 (3) 8.4 (3) 0.4 (2) 
(female) 40 4.2 (4) 62.5 (4) 79.6 (3) 85.5 (3) 20.9 (3) 7.1 (3) 

42 3.2 (4) 60.3 (4) 66.4 (3) 87.7 (3) 22.2 (3) 9.1 (2) 

Rye L 60 4.2 (4) 60.2 (4) 78.2 (4) 95.4 (4) 18.7 (4) 1.7 (3) 
parent L 282 7.1 (4) 45.2 (4) 81.4 (4) 92.3 (4) 27.7 (4) 7.0 (4) 
(male) L 301 1.9 (4) 55.2 (4) 79.0 (4) 87.3 (4) 12.3 (4) 8.5 (3) 

L 311 0.6 (4) 38.9 (4) . . . .  

Table 3. Mean squares of wheat x rye hybrids in three cytoplasms for crossability, embryo development and response to colchicine 
treatment. Percentages were transformed to arcsin 

Source Crossability Embryo development Colchicine treatment 

% Seed set % seeds with % plantlets % plant % amphidi- Mean no. of 
from survival ploid plants seeds per 

well-differentiated embryos 2n plant 

df MS df MS df MS df MS df MS df MS 

Wheat (W) 3 23.4* 3 10.2 3 1.7 3 3.9 3 2.6 3 19.8 
Rye (R) 3 245.6 ** 3 121.5 ** 2 76.4** 2 11.4" 2 10.7 * 2 32.2 
W •  9 2.6 9 2.6 6 2.2 6 2.9 6 1.5 6 19.5 
Cytoplasm (C) 2 63.3 ** 2 49.2 ** 2 36.7 * 2 24.1 ** 2 4.9 2 1.6 
C •  6 23.9* 6 13.7 6 14.7 6 2.9 6 1.4 6 33.3 
C •  6 9.5 6 14.6 4 8.2 4 5.6 4 3.1 4 2.7 
Residual 18 6.7 18 5.5 11 6.5 12 2.8 12 2.4 4 8.6 

*,** Significant at the 5% and 1% levels of probability, respectively 
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With regard to the characteristic plant survival, rye 
and cytoplasm were found to be statistically significant 
sources of variation, while for the trait amphidiploid 
plants obtained, it was the former source only (Table 3). 

Fig. 1. Differentiated 17- to 19-day-old embryo with scutellum 

plantlets regenerated in vitro from well-differentiated 
embryos (Table 1) was, in general, high (overall mean 
79.9%), with a narrow range for cytoplasms and ryes. 
The low mean value of the wheat line 42 resulted from 
a low recovery rate in cross combinations with all three 
cytoplasms (Table 2). The percentages of  wheat geno- 
type 32 differed considerably, with a high 96.3% recovery 
rate in T. timococcum cytoplasm and a low 68.1% in 
A e. ventricosa cytoplasm. 

Significant effects due to rye lines and cytoplasms 
were detected by the analysis of  variance (Table 3). 

Colchicine treatment 

Mean values of  response to colchicine treatment are 
presented in the last three columns of Table 1. The 
proportion of plant survival was high throughout and 
varied little among cytoplasms, wheats and ryes. The 
mean proportions of fertile amphidiploid plants or 
plants with diploid sectors were generally low, with the 
widest range among rye parents (13.2% to 25.4%). 
Average number of seeds per diploid plant was low 
also and varied little among cytoplasms and wheats, 
but exhibited a wide range for rye parents (2.8 to 9.2 
seeds per plant). 

Among individual parents in specific cytoplasms 
(Table2) plant survival after colchicine treatment 
varied little. Greater variability in percentage values 
was exhibited by amphidiploid plants or plant sectors 
obtained among the wheat parents for cytoplasm 
T. timococeum and T. timopheevi, with the lowest values 
for line 32 (6.3% and 8.4%, respectively). Paternal geno- 
types differed most in Ae. ventricosa cytoplasm for 
proportion of doubled plants. 

Seed set of  amphidiploid plants was variable, but 
generally low, ranging from 0.4 seeds per plant of 
wheat line 32 in T. timopheevi cytoplasm to 11.3 seeds 
per plant of  rye line L 301 in cytoplasm T. timococcum. 

Discussion 

Wheat x rye crossability 

The mean seed set in general (Table 1) was of the order 
to be expected for European common wheats, which 
predominantly are of low crossability (Krolow 1970; 
Tanner and Falk 1981; Oettler 1982, 1984). The results 
clearly demonstrate that wheat cytoplasm, in addition 
to wheat and rye nuclear genotypes, appears to be of 
equal importance in wheat • rye crossability (Table 3). 
In a recent study, Stefanowska and Cauderon (1983) 
also found such a similar effect on crossability, which 
resulted in higher seed set, when utilizing the genome 
of a French common wheat in Ae. ventricosa cytoplasm. 
In the present study, however, none of the three cyto- 
plasms enhanced mean seed set above the known level 
for adapted European common wheats, which normally 
ranges between 0% and 10%, although wheats with 
Ae. ventricosa cytoplasm tended to have higher cross- 
abilities (Table 2). 

Embryo development 

With regard to embryo differentiation, the mean pro- 
portions of  well-differentiated embryos (Table 1) were 
consistent with another recent study (Oettler 1984). 
Nucleo-cytoplasmic interactions were revealed in 
specific cross combinations (Table 2), as for example for 
wheat line 32 in T. timococcum cytoplasm with a low 
6.7% as compared to the mean of the wheat parent and 
the cytoplasm. 

The lack of significant effects due to maternal nuclear 
genotypes - all belonging to the hexaploid wheats - confirms 
earlier findings (Moss 1970; Oettler 1984) that the degree of 
embryo differentiation is primarily determined by the wheat 
species rather than by genotypes within the species. 

The mean proportion of plantlets recovered in vitro is of 
the order found previously in the common wheat cultivar 
'Okapi'. The almost complete failure of the well-differentiated 
embryos of rye genotype L 311 to survive in vitro clearly in- 
dicates the existence of strong and unpredictable parental 
nuclear genotype and/or nucleo-cytoplasmic interactions, 
since this line was not known to possess any severe cross-in- 
compatibility with common wheat. 

Colchicine treatment 

The mean proportion of plant survival after colchicine 
treatment in Ae. ventricosa and T. timopheevi cytoplasm 
(Table 1) was higher as compared to other studies with 
hexaploid wheat cultivars (Oettler 1982, unpublished). 
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The lower value obta ined  for T. timococcum cytoplasm 
corresponds to previous results. It was main ly  due to 
the poor  performance of  wheat  line 32, which indicates 
a specific nucleo-cytoplasmic interaction.  

The mean rate of amphidiploid plants or plants with 
doubled fertile sectors was of the order to be expected for 
hexaploid wheat• crosses (Tanner 1981; Oettler 1982; 
Cooper and Driscoll 1985). The only statistically significant 
source of variation for this trait in the present material were 
the paternal rye lines. But Table 2 indicates that nucleo-cyto- 
plasmic interactions do exist, which are particularly obvious 
for wheat genotype 32. 

The generally low fertility of the amphidiploid plants and 
the range of seed set of the cross combinations is in good 
agreement with earlier investigations (Oettler 1982, unpub- 
fished). Cytoplasm did not contribute to improve fertility of 
the hybrids, but nucleo-cytoplasmic interactions appear to be 
present, leaving scope for selection. 

The da ta  indicate that, in addi t ion  to wheat  and  rye 
nuclear  genotypes,  cytoplasm also plays a decisive role 
in the synthesis o f  p r imary  triticales and  that  strong 
nucleo-cytoplasmic interactions exist for the traits in- 
vestigated. However,  the effect o f  the cytoplasm did not  
appear  to be more  impor tan t  than the effects o f  the 
existing nuclear  genetic var iabi l i ty  for wheat  and  rye 
parents. None o f  the three cytoplasms was super ior  
with respect to w h e a t •  product ion.  Thus, the 
suitabil i ty o f  paren ta l  genotypes and cytoplasms to 
establish pr imary  triticales is p r imar i ly  de te rmined  by 
the specific combinat ions  used a n d / o r  their  nucleo- 
cytoplasmic interactions. 

Acknowledgements. I wish to thank Dr. F. Keydel, Freising- 
Weihenstephan, for generously supplying the wheat parents. 
Sincere thanks are due as well to Prof. Dr. H. H. Geiger for his 
continued interest in the triticale work and for many stimu- 
lating discussions. The technical assistance of Ms. E. Schwarz 
and Mr. J. H~ige is also gratefully acknowledged. 

References 

Baaren A van (1973) A computer program for least-squares 
analysis of non-orthogonal designs. EDV Med Biol 4: 
16-27 

Busch RH, Maan SS (1978) Effects of alien cytoplasms on 
agronomic and bread-making traits of two spring wheat 
cultivars. Crop Sci 18:864-866 

Cooper KV, Driscoll CJ (1985) The production of primary 
triticales and the concept of adaptation to marginal condi- 
tions. In: Proc 3rd Eucarpia Triticale Meeting, Clermont- 
Ferrand (in press) 

Duvick DN (1965) Cytoplasmic pollen sterility in corn. Adv 
Genet 13:1-56 

Edwardson JR (1970) Cytoplasmic male sterility. Bot Rev 36: 
341-420 

Hsam SLK, Larter EN (1974) Influence of source of wheat 
cytoplasm on the synthesis and plant characteristics of 
hexaploid triticale. Can J Genet Cytol 16:333-340 

Jensen CJ (1974) Chromosome doubling techniques. In: 
Kasha KJ (ed) Haploids in higher plants. Advances and 
potential. University of Guelph, Guelph, Canada, pp 
153-190 

Jouve N, Soler C (1978) Influence of the cytoplasms of 
Tritieum timopheevi Zhuk. and Aegilops ovata L. in the 
meiosis of hexaploid triticale. Cereal Res Commun 6: 
235 -241 

Krolow K-D (1970) Untersuchungen tiber die Kreuzbarkeit 
zwischen Weizen und Roggen. Z Pflanzenziicht 64:44-72 

Laubscher NF (1961) On stabilizing the binomial and nega- 
tive binomial variances. J Am Stat Assoc 56:143-150 

Maan SS (1979) Specificity of nucleo-cytoplasmic interactions 
in Triticum and Aegilops species (a review). Wheat Inf Serv 
50:71-79 

Moss JP (1970) Endosperm failure and incompatibility in 
crosses between Triticum and Secale. Chromosomes Today 
3:124-132 

Oettler G (1982) Effect of parental genotype on crossability 
and response to colchicine treatment in wheat-rye hybrids. 
Z Pflanzenzticht 88:322-330 

Oettler G (1983) Crossability and embryo development in 
wheat-rye hybrids. Euphytica 32:593-600 

Oettler G (1984) Parental effects on crossability, embryo dif- 
ferentiation and plantlet recovery in wheat• rye hybrids. 
Euphytica 33:233-239 

Sage GCM (1976) Nucleo-cytoplasmic relationships in wheat. 
Adv Agron 28:267-300 

S~mchez-Monge E (1975) Hexaploid triticale with different 
cytoplasms. In: Proc 1st Eucarpia Triticale Meeting, Lenin- 
grad, pp 175-180 

Snedecor GW, Cochran WG (1967) Statistical methods. Iowa 
State University Press, Ames, Iowa 

Stefanowska G, Cauderon Y (1983) L'aptitude au croisement 
avec le seigle (Secale cereale L.) d'une lignre hexaplo~de de 
Triticum (cv. 'Roazon') rrsultant d'hybridation intersprci- 
fique (Gramineae Juss.). Agronomie 3:355-358 

Tanner DG (1981) Parental effects on chromosome doubling 
for the production of primary triticale. Can J Genet Cytol 
23:191-193 

Tanner DG, Falk DE (1981) The interaction of genetically 
controlled crossability in wheat and rye. Can J Genet Cytol 
23:27-32 

Tsunewaki K, Iwanaga M, Maekawa M, Tsuji S (1984) Produc- 
tion and characterization of alloplasmic lines of a triticale 
'Rosner'. Theor Appl Genet 68:169-177 

Ward RW, Heyne EG, Paulsen GM (1983) Responses of 
alloplasmic (cytoplasm = Triticum timopheevii) and euplas- 
mic wheats (Triticum aestivum) to photoperiod and 
vernalization. Theor Appl Genet 66:61-66 


