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FOREWARD 

The main body of the thesis consists of two manuscripts, 

11 Evaluation of Avena sativa L./~. fatua L. progenies for agronomic 

and grain quality characters 11
, prepared for submission to Crop Science, 

and 11 Relationship between micronuclei frequency and character co-

herence in Avena sativa L./~. fatua L. crosses 11
, prepared for submis

sion to Theoretical and Applied Genetics (TAG). These are preceded 

by a General Introduction and followed by a Concluding Statement and 

an Appendix. 
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EVALUATION OF AVENA SATIVA L./A. FATUA L. CROSSES 

ABSTRACT 

The use of micronuclei frequency/microspore quartet (MF) has 

been proposed to indicate relative reduction in chromosome homology 

among interspecific oat (AvenaL.) hybrids. Hybrids with lower MF 

presumably undergo greater genetic recombination, providing greater 

opportunity for breaking linkages contributing to association, or 

coherence, of desirable and undesirable characters in progenies. 

Progeny lines from eight A. sativa L./A. fatua L. crosses were 

evaluated with parents and check cultivars to determine whether A. 

fatua might contribute useful variation for improving agronomic and 

grain quality characters in cultivated oats and whether a relation

ship exists between MF and character coherence. 

Differential emergence among progeny lines due to seed 

dormancy accounted for some variability in grain yield in 1980. In 

1981, five crosses had population means for grain yield equal to 
• 

their A. sativa parents. All crosses contained lines that equalled 

or exceeded A. sativa parents or check cultivars for grain yield. 

High groat oil in A. fatua parents and progenies indicated A. 

fatua could be used to increase oil levels in cultivated oats. 

Though parents did not differ from groat protein all crosses had 

variation among lines, indicating~- fatua may have different genes 

than A. sativa. 
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Progeny lines with dark seed color or shattering habit were 

higher for harvest index, earlier, shorter, and lower in groat oil, 

groat protein and groat percentage than light-colored or non

shattering lines. 

Character coherence was examined in progenies from four A. 

sativa/~. fatua hybrids with high MF and four hybrids with low MF. 

The degree of coherence of seed disarticulation and color with 

quantitative traits that distinguish the parental species was not 

related to differences in MF among these crosses. Likewise, the 

degree of coherence among the quantitative characters studied, as 

measured by coefficients of concordance, was not associated with 

differences in MF among the crosses. 

The analyses used could detect only character coherence and 

not genetic recombination, per se. Accurate genotypic measurements 

of characters controlled by genes on potentially abnormally pair

ing chromosomes are necessary to determine a relationship of MF 

with recombination and character coherence. 

vi 



GENERAL INTRODUCTION 

Wild hexaploid oats are being investigated as potential sources 

of variation for the improvement of cultivated oats, Avena sativa L. 

The Mediterranean wild oat,~- sterilis L., has contributed genes for 

crown rust (Puccinia coronata Cda. f. sp. avenae Fraser and E. Led.) 

resistance, and increased yield, groat protein percentage and groat 

oil percentage. 

Another wild oat, A. fatua L., is a common, noxious weed in 

western North America and other cereal grain-producing regions of the 

world. A. fatua has seldom been used in oat improvement though it 

appears well adapted to many oat production areas. The USDA and the 

University of Minnesota oat breeding program recently began the col

lection and evaluation of A. fatua genotypes from the Northern Plains 

of the USA. Samples from this collection have been initially evaluated 

for disease resistance, groat protein percentage and amino acid 

profiles. However, crosses with A. sativa genotypes are needed to 

determine whether these A. fatua genotypes can contribute useful 
~ -

genetic variation for agronomic and grain quality traits. 

Efforts to introgress genes from wild oats into cultivated oats 

have occasionally encountered problems. Specifically, the high 

groat protein of A. sterilis has been associated with undesirable 

wild traits in initial A. sativa/A. sterilis progenies. Such associa

tion, or coherence, of parental characters has frequently been ob

served in wide crosses in many types of plants. Character coherence 

may result, in part, because of linkage between genes controlling 
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characters that differentiate the parents. Structural differences and/ 

or genetic factors can reduce chromosome pairing at meiosis in inter-

specific oat hybrids. The result could be reduced genetic recombina

tton and intensified character coherence in resulting populations. 

A. fatua and A. sterilis are easily crossed with A. sativa to 

produce highly fertile hybrids. However, irregularities in F1 meiosis 

reflecting reduced chromosome homology have been observed. Irregu-

larities include multivalents and, more frequently, univalents. A 

cytogenetic study of A. sativa/A. sterilis hybrids indicated that 

meiotic regularity varied among hybrids. Univalents, the most frequent 

expression of irregularity, ultimately formed micronuclei in micro-

spore quartets with varying frequency among different hybrids. The 

quartet stage of pollen development is long in oats and micronuclei 

stain darkly and, thus, are easily observed. Therefore, the use of 

micronuclei frequency/microspore quartet has been proposed as an 

indicator of relative reduction of chromosome homology and recombina-

tion among large numbers of interspecific oat hybrids in a breeding 

program. Cro~ses with lower micronuclei frequency would presumably 

undergo greater genetic recombination and, thus, provide greater 

opportunity for breaking undesirable character associations. 

This study was an evaluation of progeny from A. sativa/A. fatua 

crosses to determine 1) whether A. fatua genotypes may contribute 

useful variation for the improvement of agronomic and grain quality 

characters in cultivated oats, 2) whether associations exist among 

characters which might help or hinder oat improvement efforts using 

A. fatua, and 3) whether differences in micronuclei frequency among 
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A. sativa/A. fatua hybrids are related to differences in the degree - -
of character coherence in their progenies. 
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ABSTRACT 

Twenty to fifty random, F4-derived lines from eight Avena sativa 

L./A. fatua L. crosses were evaluated with parents and check culti

vars to determine whether A. fatua might contribute useful variation 

for improving agronomic and grain quality characters in cultivated 

oats. 

Midparent values were generally predictive of population means 

for all characters. Differential emergence among progeny lines due 

to seed dormancy accounted for some variability in grain yield, harvest 

index and heading date in 1980. In 1981, five crosses had population 

means for grain yield equal to their ~· sativa parents but lower than 

the check cultivars. All crosses contained lines that equalled or 

exceeded A. sativa parents or check cultivars for grain yield. Hence, 

certain A. fatua lines could contribute genes for increased grain 

yield to A. sativa. 

High groat oil percentage in A. fatua parents and progenies, and 

high heritability estimates, indicated~· fatua could be used to in-

crease oil levels in cultivated oats. Though parents did not differ 

for groat protein percentage, all crosses had variation among lines, 

indicating ~. fatua may have different genes than ~· sativa. Groat 

oil percentage and groat protein percentage tended to be negatively 

correlated with each other in crosses with high means for those traits. 

In contrast to the relationships of their parents, progeny 

lines with dark seed color or shattering habit were higher for har-

vest index, earlier, shorter, and lower in groat oil percentage than 
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light-colored or non-shattering lines. Dark seed color and shatter

ing were also associated with lower groat percentage and lower groat 

protein percentage. 

Few, if any, A. sativa/~. fatua progeny were minimally accept

able for seed quality, height, maturity and crown rust (Puccinia 

coronata Cda. f. sp. avenae Fraser and E. Led.) resistance. Further 

crossing to appropriate A. sativa genotypes would help alleviate these 

deficiencies. 
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INTRODUCTION AND LITERATURE REVIEW 

The hexaploid (2n=6x=42) wild oat, Avena fatua L. is a common, -

noxious weed in western North America and other grain-producing regions 

of the world. A. fatua is distinguished from cultivated oats, A. 

sativa L., by its long, geniculate awns and by seed shattering via 

abscission of individual florets. A. fatua genotypes frequently have 

dark-colored seed (grey, brown or red) and pubescence on the lemma, 

rachilla and/or base of the seed (Coffman, 1977). 

A. fatua is easily crossed with~· sativa, producing highly fertile 

progeny (Rajathy and Thomas, 1974), yet it has seldom been used in oat 

improvement. ~· fatua selections were crossed with cultivated oats to 

obtain rust resistance and arid-region adaptation in the cultivar 

•sierra• (Suneson, 1967a), and earliness and rapid growth in the 

cultivar •Rapida• (Suneson, 1967b). Cold-hardiness of A. fatua and 

wild/cultivated feral oats collected in Texas and northern Mexico 

suggested their use for improving winter oat cold-hardiness (Atkins 

et al., 1966). Burrows (1970) has transferred the seed dormancy 
~ 

of A. fatua to A. sativa in an attempt to develop a spring-type oat 

that could be fall-planted. The seed would lie dormant through the 

winter and germinate in early spring, thus avoiding complications 

associated with delayed spring seeding. 

Although A. fatua has not been widely used for improving culti

vated oats, A. sterilis L., another wild hexaploid, has been used 

extensively. Genes from A. sterilis provide crown rust (Puccinia 

coronata Cda. f. sp. avenae Fraser and E. Led.) resistance in several 
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oat cultivars (Frey and Browning, 1976a, 1976b; McDaniel, 1974a, 

1974b). A. sterilis has contributed increased groat protein percent

age (Frey, 1977), groat oil percentage (Frey et al., 1975), and yield 

(Frey, 1976) to~- sativa/A. sterilis progeny. However, in several 

instances a desirable trait has been associated with the presence of 

undesirable traits. High groat protein was associated with thin 

kernels and low grain yield (Lyrene and Shands, 1975a), and with 

shattering, jointed awns and dark seed color (Campbell and Frey, 

1972a; Lyrene and Shands, 1975a). Such associations have hindered 

efforts to use A. sterilis in oat breeding programs. In addition, 

the Mediterranean origin of~- sterilis makes it somewhat unadapted 

to more temperate regions. 

The USDA and the University of Minnesota oat breeding program 

have begun the collection and evaluation of&· fatua genotypes from 

the Northern Plains of the USA. Oats are an important crop in this 

region. Hild oats appear well adapted here judging from their prev

alence and competitiveness as a weed in small-grain fields. Rines 

et al. (1980)•reported results from the initial screenings of samples 

from this collection. A small proportion of samples tested dis

played a high-level tolerance to barley yellow dwarf virus (BYDV) 

and a low-level tolerance to cereal leaf beetle (Oulema melanopus 

L.). No resistance to a highly virulent stem rust (Puccinia 

graminis Pers. f. sp. avenae Eriks, and E. Henn.) race was found. 

Compared to~- sativa genotypes grown in a similar environment, 

groat protein percentage was higher, but amino acid profiles were 

similar. These researchers suggested that other traits valuable in 
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the improvement of yield potential or environmental stability of 

cultivated oats may be present in A. fatua. Such traits may be ap

parent only after transfer into cultivated oat genotypes. 

The objectives of our study were to determine 1) whether A. 

fatua genotypes may contribute useful variation for agronomic and 

grain quality characters, and 2) whether associations exist among 

agronomic, grain quality, and seed morphology characters which might 

impact oat improvement efforts using A. fatua. 
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MATERIALS AND METHODS 

Materials. Agronomic, grain quality, and seed morphology 

characters were evaluated in 1980 and 1981 at St. Paul, MN. F4-

derived lines from eight A. sativa/A. fatua crosses, the parents of 

the crosses, and the check cultivars Lyon, Benson and Moore were 

evaluated. Progeny lines were evaluated in the F5 generation in 

1980 and the F6 generation in 1981. 

Parents of crosses and the number of lines tested in each year 

are shown in Table 1. ~- sativa parents are cultivars presently or 

formerly grown in the North Central USA. A. fatua parents are 

randomly-chosen genotypes from the USDA collection (Rines et al., 

1980). The seed of parents used for evaluation was derived from the 

individual plant used to make the cross. Progeny lines were derived, 

with no conscious selection, from random F2 plants by single-seed 

advance through the F4 generation. F2 plants and parents were grown 

in the field at St. Paul in summer 1979. F3 and F4 generations 

were grown in the greenhouse during the winter and spring of 1979-
• 

80. Poor greenhouse growing conditions in spring 1980 resulted in 

insufficient seed for evaluation of several progeny lines from 

crosses 43 and 66 in 1980. These lines were increased in the field 

in 1980 so that approximately 50 lines/cross were evaluated in 1981. 

Evaluation. Parents, progeny lines, and check cultivars were 

planted on 28 April 1980 and 18 April 1981 in hill plots on 30 X 

60 em centers, at 25 seeds/plot. A randomized complete block design 

with three replications was used. Heading date and plant height were 
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recorded for each plot. At 12 to 14 days after heading, each plot 

was covered with a plastic mesh bag secured with a wired tag. The 

bag served to collect shattering seed and form a bundle for harvest. 

Shattering and non-shattering genotypes were bagged. Plots were cut 

three to five em above ground level at maturity and allowed to dry. 

Bundle weight was recorded before the grain was threshed with a 

mechanical head thresher. Grain yield was recorded as the weight of 

cleaned, dry seed. Harvest index was computed as grain yield divided 

by bundle weight. 

Grain samples of each genotype, from two replications in each 

year, were classified for seed color and disarticulation habit and 

used to determine 100-seed weight. Seed color classes were light 

(white or yellow) or dark (grey, brown or red). Disarticulation 

habit of shattering or non-shattering was determined by the presence 

or absence, respectively, of an abscission scar associated with the 

A. fatua shattering habit. All A. fatua parents were shattering with 

dark-colored seed. All A. sativa parents were non-shattering with 

light-colored seed. 

In 1981, grain samples were mechanically dehulled to determine 

groat percentage. Groat protein percentage was then determined by 

near-infrared reflectance at the USDA Oat Quality Laboratory, 

Madison, WI. Groat oil percentage was determined by nuclear magnetic 

resonance at the Department of Agronomy, University of Illinois, 

Urbana, IL. 

The two growing seasons were distinctly contrasting. Hot, dry 

conditions prevailed in 1980. Cool temperatures and adequate rainfall 
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occurred in 1981. High winds associated with a thunderstorm on 15 

July 1980 caused lodging of the entire experiment. Although early 

genotypes were nearing maturity, grain-filling in later-maturing geno

types was probably adversely affected. In both years, plots were 

sprayed with maneb+zineb at four- to seven-day intervals to prevent 

crown rust infection. Nevertheless, infection became quite heavy 

by the end of the 1980 season. 

In 1980, the number of plants emerged at ten days after planting 

was recorded for each plot. Some genotypes showed poor emergence due 

to seed dormancy enhanced by dry, warm soil conditions and by a lack 

of after-ripening of seed just harvested from the greenhouse. Con

sequently, some progeny lines from each cross with severely reduced 

emergence were not included in the 1980 analyses. In 1981, seed of 

all genotypes was soaked ten min in an acetone solution containing 

50 ppm giberellin-4+7:50 ppm benzyladenine:lO ppm ethephon, approxip 

mately 24 h before planting. Seed treatment with these plant growth 

regulators has been reported to break dormancy and promote germination 

in A. fatua genotypes (Taylor and Simpson, 1980; Adkins and Ross, 

1981). Uniform emergence was observed in 1981. 

Analysis. The effect of dormancy in reducing stands of some 

genotypes, and the adverse effects of drought, rust infection and 

storm-caused lodging on late maturing genotypes in 1980 contributed 

to large genotype-by-year interactions. Therefore, analyses of 

variance were conducted for each year separately. Phenotypic cor

relations were computed for each cross to examine associations 
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between quantitative characters. Associations between qualitative 

seed morphology traits and quantitative traits were examined by 

grouping progeny lines by their expression of the qualitative trait 

and comparing the means of the groups for the quantitative characters. 

.. 



14 

RESULTS AND DISCUSSION 

Parent and check cultivar means for agronomic and grain quality

characters are presented in Table 2. Large differences in grain yield 

between A. sativa and A. fatua parents in 1980 probably resulted, in 

part, from differences in stand resulting from differential emergence. 

In 1981, when emergence was uniform, parents of five of the eight 

crosses yielded similarly, although A. sativa parents, collectively, 

had a higher average grain yield than the ~- fatua parents. 

~- fatua parents generally had lower harvest indices, and were 

later heading and taller than A. sativa genotypes (Table 2). 

Variability among A. fatua parents for heading date was associated 

with differences in grain yield and harvest index. Late-heading 

Afll7, Af573 and Afl223 had lower grain yields and harvest indices, 

especially in 1980. Af565 headed approximately the same time as the 

A. sativa genotypes and, in 1981, had grain yield and harvest index 

values equal to the mean of the A. sativa parents. 

Seed weight and groat percentage of A. fatua parents were con-
~ 

siderably lower than those of A. sativa genotypes (Table 2). Groat 

protein percentage of~- fatua parents was similar to that of A. 

sativa genotypes, while groat oil percentage was considerably higher 

in A. fatua. Groat protein percentages of these A. fatua accessions 

were generally lower than those reported for A. sterilis collections 

(Briggle et al., 1975; Martens et al., 1979). They were also on the 

low end of the distribution of values reported for the USDA collection 

of which these parents are a sample (Rines et al., 1980}. Levels of 
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groat oil percentage in this small sample of~· fatua were higher 

than 90% of the 4000 A. sativa accessions from the USDA World Oat 

Collection surveyed by Brown and Craddock (1972). They were also 

higher than values reported for A. sterilis (Frey et al., 1975; 

Martens et al., 1979). 

Variation existed both among and within crosses for agronomic 

and grain quality characters (Tables 3 and 4). Ranges indicated 

that some progeny lines in each cross equaled or exceeded both parents 

for most characters. Progeny means were generally not different from 

midparent values (P>0.05). However, where deviations did occur, they 

were usually toward the A. fatua phenotype. Progeny means for head

ing date and height showed positive deviations (P<0.05) from the mid

parent in crosses involving Af565 (crosses 42 and 52) in both years. 

Progeny means for 100-seed weight were lower than midparent values 

in 1980 (P<0.05 for five crosses). Progeny means were probably lower, 

in part, because late-maturing progeny lines were unable to complete 

normal grain-filling in that year. 

In 1981" five crosses had progeny means for grain yield equal to 

their A. sativa parents but lower than check cultivars (Table 3). 

All crosses, except cross 66, had harvest indices comparable to the 

check cultivars. Cross 66 was exceptional in that both parents had 

lower harvest indices in 1981. All crosses contained lines that 

equaled their A. sativa parents and approached or equaled check 

cultivars for grain yield and harvest index. High progeny means for 

grain yield in 1981 and the transgressive range of variation suggest 

that certain A. fatua genotypes could contribute genes for increased 
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grain yield to ~· sativa. Variation among crosses for heading date 

and grain yield was related to the relative heading date and grain 

yield of the respective A. fatua parents. This relationship, and the 

low grain yield of late-heading A. fatua parents, suggest that 

screening potential A. fatua parents for maturity and/or grain yield 

before making crosses would result in a higher proportion of better

adapted, higher-yielding hybrid progeny. 

All crosses had variance (P<O.Ol) among progeny lines for groat 

protein percentage (Table 4) though the parents generally were not 

different for this trait. Thus, these ~· fatua and A. sativa parents 

probably have different genes for grain protein percentage. Although 

some lines in each cross exceeded 20% groat protein, levels in these 

progenies were generally not as high as those reported for A. sativa/ 

A. sterilis progenies (Campbell and Frey, l972b; Ohm and Patterson, 

1973; Lyrene and Shands, 1975b; !wig and Ohm, 1976). However, the A. 

sterilis parents were chosen for their high protein content, while the 

A. fatua parents in this study were not selected for this trait. 

Groat oil•percentage levels were quite high in these progeny 

(Table 4) compared to levels reported for A. sativa (Brown et al., 

1966; Brown and Craddock, 1972; Baker and McKenzie, 1972) and A. 

sativa/A. sterilis progeny (Frey et al., 1975). Heritability esti

mates (line mean basis) ranged from 88 to 98% among the eight crosses. 

These estimates equal reports of 68 to 95% in ~· sativa crosses 

(Baker and McKenzie, 1972; Brown et al., 1974). High heritability 

and high levels of groat oil percentage in A. fatua parents and 

progeny suggest that A. fatua could be used to increase the oil 
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content of cultivated oats. Increased oil content would increase the 

energy content and, thus, the feed value of oats. 

The performance of A. fatua parents and their progenies (Tables 

2, 3 and 4) indicate that the species may contribute genes for improving 

grain yield, groat oil and groat protein percentage of cultivated oats. 

Unfortunately, A. fatua parents also exhibited undesirable traits 

such as reduced emergence, shattering, dark seed color, later maturity, 

taller plant height, and lower seed weight and groat percentage. 

Therefore, relationships among traits were examined to determine 

whether existing associations might benefit or hinder breeding ef

forts using ~· fatua. 

Phenotypic correlations in Table 5 show the relationship of 

emergence in 1980 with agronomic characters in 1980 and 1981. High 

positive correlations of 1980 emergence with grain yield in 1980, but 

not in 1981, indicate that variability for grain yield in 1980 was 

partially related to variability for emergence and, presumably, seed 

dormancy. Correlation coefficients were more positive for harvest 

index and mar~ negative for heading date in 1980 than in 1981. These 

trends indicate that differential emergence may also account for some 

variation in harvest index and heading date in 1980. 

The low correlations of 1980 emergence with grain yield in 1981 

indicate that when the effect of seed dormancy in reducing emergence 

and stands is eliminated, genotypes differing in dormancy can have 

similar yield potential. Selection against seed dormancy in~· 

sativa/A. fatua populations can be accomplished by planting seed be

fore sufficient after-ripening occurs to break dormancy, then 
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selecting for high emergence and/or high grain yield. However, such 

selection would not necessarily retain only genotypes with the highest 

grain yield potential since seed dormancy does not appear to be 

genetically related to grain yield potential. 

Relationships of grain yield with other characters were examined 

(Table 6) to determine whether correlated responses might accompany 

selection for high grain yield in these populations. Grain yield was 

correlated positively with harvest index (~0.01) in all crosses, and 

negatively with heading date (P<0.05) in seven crosses in 1980. Cor

relations of grain yield with harvest index and heading date were 

small in 1981. These relationships resulted largely because drought, 

rust and lodging, in 1980, hampered grain-filling of later-heading 

lines, reducing their grain yield and harvest index. Correlations 

of grain yield with height and 100-seed weight were generally positive, 

but small, in both years. 

Relationships of grain yield with other characters were further 

explored by comparing the performance of progeny ranking in the 

highest quart1le for grain yield in 1981 with the remaining progeny 

in each cross (Table 7). The highest-yielding progeny tended to be 

taller and have higher 100-seed weights. They were earlier-heading 

in four crosses but later-heading in two other crosses (P<0.05). The 

high yielding progeny also tended to have increased groat percentage 

but decreased groat protein percentage. 

Increased height and seed size might result from selection for 

increased grain yield in these populations (Tables 6 and 7). How

ever, variation in the high-yielding quartiles was similar to 
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variation in the whole populations indicating that high-yielding 

genotypes with acceptable maturity, height, seed weight and groat 

percentage might be identified. 

Phenotypic correlations of groat protein and groat oil percent

age with each other and with other characters in 1981 are presented 

in Table 8. Oil and protein tended to be negatively correlated with 

each other. These results agree with those previously reported for 

~- sativa (Brown et al., 1966; Forsberg et al., 1974). Thus, obtain

ing genotypes high in both groat protein and groat oil percentage may 

be hindered by this negative relationship (Brown et al., 1974). How

ever, two crosses (51 and 52) with large negative correlations had 

high progeny means for both groat protein and groat oil percentage 

(Table 4). 

Groat protein percentage tended to be correlated positively 

with 100-seed weight, but negatively with groat percentage, heading 

date and grain yield (Table 8). However, most correlation coefficients 

were small. Lyrene and Shands (1975a) found groat protein percentage 

negatively correlated with seed weight, positively associated with 

heading date, but not related to grain yield in A. sativa/~. sterilis 

progeny. 

Groat oil percentage was negatively correlated (P<0.05) with 

100-seed weight in four crosses (Table 8). Three of these crosses 

(34, 51 and 52) had the highest progeny means for groat oil percent

age (Table 4). Groat oil percentage was not correlated (P>0.05) with 

grain yield or groat percentage. Heading date was negatively cor

related (P<0.05) with groat oil percentage in two crosses, but 
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positively in two other crosses. Groat oil percentage was not cor

related with seed weight (Brown et al., 1966; Brown and Craddock, 

1972) or heading date (Brown et al., 1966) in A. sativa. Groat oil 

pe~centage was also not correlated with groat weight or heading 

date in A. sativa/~. sterilis progeny (Frey et al., 1975). 

The low magnitude and inconsistent signs of correlation coef

ficients in Table 8 suggest that undesirable correlated responses in 

seed weight, groat percentage and maturity should not accompany 

selection for increased groat oil or protein percentage in these 

populations. Maintaining high levels of groat protein or oil with 

selection for high grain yield should also be feasible based on re

sults in Tables 7 and 8. 

Table 9 shows the associations of seed color and disarticulation 

with agronomic and grain quality characters. Lines segregating for 

seed color or disarticulation are not included. Dark-seeded and 

shattering progeny had lower grain yield in 1980, but not in 1981. 

In 1980, differential emergence between classes likely contributed 

to the differences between classes for grain yield. Lyrene and 

Shands (1975a) found that shattering types yielded more than non

shattering types in A. sativa/A. sterilis crosses. They found no 

difference for grain yield between seed color classes. 

Dark-seeded and shattering progeny were higher for harvest index, 

earlier, shorter, and lower for groat oil percentage than light

seeded and non-shattering progeny (P<0.05), in both years (Table 9). 

In contrast, A. fatua parents had lower harvest indices, later 

heading dates, taller height and higher groat oil percentage than 
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~- sativa parents (Table 2). Lyrene and Shands (1975a) also found 

that shattering A. sativa/~. sterilis progeny were earlier and shorter 

than non-shattering progeny. They found no difference between seed 

color classes for maturity and height. A. sterilis parents were 

also taller and later than A. sativa parents in their study. 

Dark seed-color and shattering were associated with lower groat 

percentage and lower groat protein percentage in these A. sativa/A. 

fatua progeny. Similar results were reported for A. sativa/A. 

sterilis crosses (Campbell and Frey, 1972a; Lyrene and Shands, 1975a). 

The results in Table 9 indicate that the complex of seed 

morphology traits and other traits characteristic of A· fatua is 

not fully retained in initial crosses with A. sativa. Associations 

of seed morphology traits with agronomic and grain quality characters 

were similar to those observed by breeders working with A. sativa/A. 

sterilis crosses. Both wild species may differ from A. sativa by 

common genetic or physiological relationships accounting for the 

associations. In addition to eliminating two undesirable morpho-
9 

logical characters, selection against dark seed color and shattering 

in these populations might be useful to indirectly select for 

higher emergence, groat oil percentage and groat percentage. However, 

such selection may retain taller and later-maturing genotypes. 

Our results are from a small sample of environments and potential 

A. sativa/A. fatua crosses. Nevertheless, they suggest that some A. 

fatua genotypes could contribute useful genetic variation for 

improving grain yield potential, groat oil and groat protein per

centage in cultivated oats. However, these A. sativa/A. fatua 
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progeny tended to be late-maturing and tall. Hence, they were less 

likely to escape diseases and more prone to lodging. Seed size and 

appearance were also generally not acceptable. Screening A. fatua 

accessions for maturity, height and seed size before making crosses 

should result in more desirable, better adapted progenies. Variation 

for these characters existed among A. fatua parents, and midparent 

values generally predicted population means. 

The F4-derived progeny lines we evaluated were highly homozygous. 

Further crossing will be necessary to allow additional recombination 

so that useful genes from A. fatua can be incorporated in an ac

ceptable cultivated oat. These crosses could be intermatings of the 

more desirable lines with one another, or crosses with A. sativa 

genotypes. Schoener and Fehr (1979) used random mating of lines in 

soybean (Glycine~ L. Merr.) populations containing exotic (PI) 

germplasm to allow more recombination. Intermating in oat populations 

would be laborious. However, alternate selection and intermating 

could be useful for long-term improvement of characters such as 

grain yield while maintaining genetic diversity in interspecific 

oat populations. 

Lawrence and Frey (1975) proposed that a backcross to the 

original adapted parent or a three-way cross with an additional 

adapted parent would maintain desirable genetic complexes from the 

adapted germplasm while still allowing recombination between 

exotic and adapted germplasm. Working with eight A. sativa/A. 

sterilis crosses, they found that the population means increased 

and genetic variances decreased as the number of backcrosses to 
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the A. sativa parent increases from zero to five. They suggested 

that one to four backcrosses were optimal for selecting high-yielding 

transgressive segregates. Backcrosses or three-way crosses of A. 

sativa/A. fatua lines to A. sativa would be especially useful to ob

tain larger seed size, lodging resistance and rust resistance. 

Recombination in cultivated/wild oat crosses may also depend on 

chromosome homology in specific parental combinations. McMullen 

et al. (1982) observed meiosis in microsporocytes from F1 plants 

from all 63 crosses of nine A. sativa genotypes with seven A. 

sterilis genotypes. Varying amounts of meiotic irregulatiries were 

related to the specific A. sativa or A. sterilis parent of each 

cross, and to interactions of certain parental combinations. If 

meiotic irregularities result from reduced chomorome homology, then 

synapsis, crossing over and recombination may occur with differing 

frequency among cultivated/wild oat hybrids. Crosses with greater 

expected recombination could then be identified by observing indicators 

of meiotic irregularity in F1 plants. 
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Table 1. A. sativa/A. fatua crosses and the number of progeny 
Tines evaluated. 

No. of progeny 
Cross Parents and origint lines evaluated 

designation A. sativa X A. fatua 1980 1981 

34 Jaycee (IL) Af1223 (MT) 46 50 

42 Noble (IN) Af565 (SD) 49 50 

43 Noble (IN) Af573 (SD) 37 50 

51 Otee (IL) Af206 ( !v1N) 48 50 

52 Otee (IL) Af565 (SD) 46 50 

66 Stonnont (ONT) Af2068 (MT) 20 49 

70 Tippecanoe (IN) Afll7 (I D) 45 50 

74 Tippecanoe (IN) Af1223 (MT) 44 50 

t Origin refers to the state or province where A. sativa culti-
var was released, or the state where A. fatua-accession was 
collected. 

.. 



Table 2. Means of parents and check cultivars for agronomic and grain quality characters. 

Harvest Heading 100-seed Groat 
Emergence Grain ~ield index date Height weight Percentage Protein Oil 

Cross Parent 1980 1980 \ 1981 l980 1981 1980 1981 1980 1981 1980 1981 1981 

no. plants --g m-2_ ~--days post-31 May ---m--- ---g- % 

34 Jaycee 24 367 233 40 45 16 14 0.99 0.94 2.67 2.46 68 20.0 7.6 
Af1223 11 144 211 22 34 35 28 1.42 1.56 1.49 1.83 56 17.6 11.5 

42 Noble 24 361 289 38 45 19 17 1.02 1.01 2.87 2.90 68 18.0 5.4 
Af565 17 250 244 29 44 22 18 1.35 1.28 1.69 1.78 55 19.9 9.8 

43 Noble 22 311 228 36 45 20 17 1.03 1.01 2.95 2.84 67 17.2 5.7 
Af573 15 100 228 15 40 38 27 1.37 1.43 1.36 1. 91 56 15.6 10.5 

51 Otee 23 361 222 38 43 18 15 1.01 0.94 2.50 2.73 68 19.4 7.2 
Af206 19 233 161 24 36 30 23 1.37 1.38 1.46 1.58 54 18.3 10.0 

52 Otee 24 328 228 37 44 17 14 0.98 0.92 2.43 2.96 73 18.9 7.2 
Af565 14 206 222 25 39 23 18 1.40 1.32 1.42 1.88 58 20.1 9.5 

66 Stormont 20 361 244 35 36 22 18 1.10 1.06 3.14 3.19 67 19.7 5.6 
Af2068 8 161 206 22 35 31 27 1.42 1.45 1.43 1.57 55 19.9 9.1 

70 Tippecanoe 24 344 244 36 44 17 15 1.04 1.02 2.31 2. 77 71 18.4 5.4 
Afl17 6 89 128 14 29 37 31 1.33 1.44 1.24 1.58 52 18.5 9.8 

74 Tippecanoe 19 333 233 36 45 17 14 1.07 0.97 2.20 2.90 71 18.1 5.6 
Afl223 4 139 161 21 35 36 28 1.49 1.53 1.58 1.87 54 18.1 11.2 

LSD (0.05) 5 61 61 4 5 2 2 0.06 0.07 0.31 0.29 6 2.3 0.7 

x of A. sativa 22** 344** 240** 37** 43** 18** 15** 1.03** 0.98** 2.63** 2.84** 69** 18.7 6.2** 
x of !_. fatua 12 167 195 21 36 31 25 1. 39 1.42 1.46 1. 75 55 18.5 10.2 
x of checks 23 428 300 36 41 22 19 1.17 1.18 2.76 3.13 71 18.4 7.6 N 

\0 

** i of ~· sativa parents ~ x of ~· fatua parents (p < 0.01). 



Table 3. Mean and range of progeny lines in each cross for agronomic characters. 

Grain ~ield Harvest index Heading date Height 
Cross 1980 1981 1980 1981 1980 1981 1980 1981 

g m-2 __ % -days post-31 May- m 
34 273t 235 29.1 41.5 26.0 21.1 1.29+ 1.29+ 

111-389 161-311 16.2-36.9 32.1-47.2 15.3-41.0 12.3-31.7 1.06-1.49 0. 98-1.61 
** ** ** ** ** ** ** ** 

42 274- 240 30.Z- 42.0 23.9+ 20.3+ 1.25+ 1.22+ 
111-417 159-346 19.0-39.1 33.0-48.1 17.0-34.3 13.7-28.0 1,02-15.2 0.98-1.52 

** ** ** ** ** ** ** ** 
43 221 230 25.2 40.2 30.7 23.5 1.23 1.24 

79-409 135-298 13.1-37.5 30.1-46.9 19.7-42.7 15.3-31.3 1.07-1.39 1.06-1.50 
** ** ** ** ** ** ** ** 

51 294 230+ 31.1 42.0 23.3 18.6 1.22 1.18 
118-411 156-307 16.3-37.6 36.1-49.2 16.7-32.3 13.0-26.7 0.99-1.49 0.93-1.51 

** ** ** ** ** ** ** ** 

52 291 235 30.9 41.3 23.9+ 19.3+ 1.24+ 1.22+ 
79-500 150-322 9.9-37.6 34.0-47.7 15.3-43.7 12.0-31.3 1.03-1.53 0.98-1.52 

** ** ** ** ** ** ** ** 

66 242 205 25.7- 35.2 26.9 22.0 1.22- 1.26 
78-398 128-343 11.9-37.3 26.8-43.1 22.3-37.7 13.7-31.7 1. 07-1.38 0.99-1.57 

** ** ** ** ** ** ** ** 

70 226 198 28.0+ 39.6+ 26.5 22.2 1.18 1.21 
82-465 133-283 14.4-38.5 25.5-47.1 17.0-30.3 12.7-34.7 0.98-1.46 0.92-1.49 

** ** ** ** ** ** ** ** 

74 228 218 27.4 39.1 26.6 21.1 1.25 1.28 
82-372 150-302 12.1-36.4 30.3-45.9 17.7-42.3 13.7-30.3 1.03-1.48 1.01-1.59 

** ** ** ** ** ** ** ** 
SEt 3 3 0.2 0.2 0.1 0.1 0.04 0.04 

**Mean square for variance among progeny lines> 0 (p < 0.01). \A) 

0 
t The mea~ and below, the range of progeny lines from the cross. Means followed by+ or - are higher or 

t 
lower, respectively, than the midparent value for the cross (p < 0.05). 
Standard error of a cross mean. 
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Table 4. Mean and range of progeny lines in each cross for grain 
quality characters. 

Groat 
100-seed weight Percentage Protein Oil 

Cross 1980 1981 1981 

% 

34 1. 91t- 2.25 63.6 18.30 9.68 
1.18-3.04 1.62-3.19 53.8-70.9 15.5-22.5 6.9-11.9 

** ** ** ** ** 

42 1. 98- 2.29 63.1 17.98 7.65 
1.37-2.99 1.81-2~73 55.2-69.8 15.7-21.4 5.2-10.3 

** ** ** ** ** 

43 1.94- 2.36 64.3 17.91+ 8.13 
1. 37-2.63 1.91-2.79 56.3-69.2 15.1-21.1 5. 0-10.1 

** ** ** ** ** 

51 1. 81- 2.20 63.5 19.07 8.89 
1 . 34-2. 19 1. 75-2.68 55.6-69.1 16.4-21.8 7.0-10.8 

** ** ** ** 

52 1.82 2.19- 64.6 19.39 8.50 
l. 36-2.45 1. 73-2.66 56.9-69.5 16.5-23.1 6.9-10.6 

** ** ** ** ** 

66 1.81- 2.37 61.0 19.94 7.10 
1.18-2.24 1. 83-3.01 45.9-68.1 17.6-22.3 5.1- 9.0 

*• ** ** ** ** 

70 1.81 2.12 62.9 18.44 7.57 
1. 42-2.77 1. 52-2.60 56.7-67.9 15.7-21.8 5.0-10.7 

** ** * ** 

74 1.81 2.21 63.9 18.47 8.12 
1.10-2.35 1.59-2.66 56.5-71.7 15.6-22.1 5.7-10.2 

** ** ** ** ** 
SEf 0.02 0.02 0.3 0.12 0.04 

*,** Mean square for variance among progeny lines is greater than 
zero (p < 0.05 and 0.01, respectively. 

t The mean and, below, the range of progeny lines from the cross. 
Means followed by+ or - are higher or lower, respectively, 

+ 
than the midparent value (p < 0.05). 
Standard error of a cross mean. 



Table 5. Phenotypic correlations of emergence in 1980 with agronomic characters in 1980 and 1981. 

--
Number 

of lines Grain xie1d Harvest index Heading date Height 
Cross 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 

34 46 50 0.57t'* 0.22 0.37* 0.29* -0.42** -0.28 -0.10 -0.19 
42 49 50 0.56** 0.00 0.16 -0.03 -0.09 0.12 0.10 0.07 
43 37 41 0.63** 0.14 0.40* -0.01 -0.37* -0.01 0.06 0.05 
51 48 50 0.67** 0.20 0.07 -0.12 -0.01 0.13 0.19 0.10 
52 46 50 0.49** 0.31* 0.01 -0.46** 0.11 0.35** 0.19 0.26 
66 20 21 0.64** 0.27 0.24 0.19 -0.35 -0.24 0.41 0.17 
70 45 50 0.70** 0.13 0.24 -0.10 -0.14 0.06 0.33* 0.08 

74 44 50 0.33** 0.18 -0.11 -0.20 0.00 0.21 0.42** 0.34 

*,**Correlation r 0 (p < 0.05 and 0.01, respectively). 

w 
N 



Table 6. Phenotypic correlations of grain yield with other agronomic characters. 

Harvest index Heading date Height 
Cross 1980 1981 1980 1981 1980 1981 

34 0.83** 0.20 
\ 

-0.78** -0.02 0.00 0.27 
42 0.77** 0.17 -0.60** -0.09 0.18 0.20 
43 0.89** 0.51** -0.85** -0.31* -0.03 -0.18 
51 0.50** 0.10 -0.29* 0.22 0.35* 0.23 
52 0.63** -0.23 -0.28 0.50** 0.32* 0.50** 
66 0.61** 0.54** -0.79** -0.09 0.30 0.10 
70 0.71** 0.13 -0.46** 0.10 0.25 0.43** 
74 0.77** 0.01 -0.74** 0.17 0.04 0.37** 

*,**Correlation f 0 (p < 0.05 and 0.01, respectively). 

100-seed weight 
1980 1981 

0.46** 0.33* 
0.30* 0.09 
0.65** 0.36** 
0.23 -0.08 
0.20 0.14 
0.64** 0.29* 
0.27 0.24 
0.33* -0.02 

w 
w 



Table 7. Mean of progeny lines ranking in the highest quartile for grain yield in 1981, and differences (d) be-
tween the mean of the highest yielding quartile and the mean of other progeny in each cross for 
agronomic and grain quality characters. 

Grain Heading 100-seed Groat 
Cross yield date Height weight Percentage Protein Oil 

--g m - -June- -----9-

34 281 (60)t 21.2 ({).0) l. 36 (0.09) 2.27 (0.02) 63.7 (0.1) 18. 15 ( -0. 19) 9.87 (0.25) 
** ** ** ** ** ** 

42 289 (64) 21.1 (1.1) 1.29 (0.09) 2.29 (0.00) 62.9(-0.2) 17.98 (0.00) 7. 93 (0. 36) 
** ** ** ** ** ** 

43 272 (55) 22.6(-1.2) 1.22(-0.02) 2.44 (0.11) 65.1 ( l. 1) 18.14 (0.31) 7.67(-0.60) 
** ** ** ** ** ** 

51 266 (48) 20.1 (1.9) 1.22 (0.06) 2.15(-0.06) 63.5 (0.0) 18.90(-0.23) 9.31 (0.57 
** ** ** ** ** ** 

52 284 (60) 21.9 (3.5) 1.34 (0.15) 2.18 (0.01) 65.2 (0.8) 19.12(-0.38) 8.57 (0.09) 
** ** ** ** ** ** 

66 258 (70) 20.7(-1.6) 1.27 (0.01) 2.51 (0.19) 62.6 (2.1) 19.45(-0.64) 6.91(-0.26) 
* ** ** ** ** ** ** 

70 250 (68) 22.2(-0.1) 1. 29 (0. 10) 2.25 (0.17) 64.4 (2.0) 17.84(-0.79) 8.14 (0.74) 
** ** ** ** ** ** 

74 259 (54) 22.8 (2.3) 1.36 (0.10) 2. 12 ( -0. 12) 64.1 (0.3) 18.05(-0.56) 8.14 (0.02) 
** ** ** ** ** ** 

LSD (0.05) ( 16) (0.4) (0.01) (0.07) ( 1.4) (0.54) (0.17) 

*,**~~an square for variance among progeny lines in highest quartile> 0 (p < 0.05 and 0.01, respectively). 
t d's with absolute value~ LSD are > 0 (p < 0.05). 

~ 
~ 
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Table 8. Phenotypic correlations of groat protein percentage and 
groat oil percentage with each other and with other 
characters in 1981. 

100-seed Groat Heading Grain 
Cross Oil weight percentage date yield 

34 Protein -0.56t 0.25 -0.11 -0.10 -0.11 
Oil -0.48 -0.07 -0.53 -0.09 

42 Protein -0.04 0.22 -0.17 -0.23 -0.06 
Oil 0.07 -0.24 -0.56 0.15 

43 Protein 0.13 0.17 -0.32 -0.26 -0.08 
Oi 1 0.00 0.13 -0.16 -0.20 

51 Protein -0.56 0.11 -0.32 -0.19 -0.33 
Oil -0.32 0.04 0.14 0.23 

52 Protein -0.35 0.00 -0.07 -0.55 -0.14 
Oil -0.36 -0.02 0.42 0.01 

66 Protein -0.31 0.00 -0.54 -0.30 -0.43 
Oil -0.48 0.19 0.34 -0.01 

70 Protein -0.10 0.00 -0.04 -0.12 -0.24 
Oil 0.18 -0.21 -0.18 0.27 

74 Protein -0.05 0.62 -0.03 -0.55 -0.21 
Oil 0.08 0.07 -0.08 0.23 

t Correlations with absolute value~ 0.28 and~ 0.35 ; 0 (p < 
0.05 and 0.01, respectively). 



Table 9. Means for progeny lines from all crosses classified by seed color and disarticulation habit. 

Number Grain Harvest Heading 100-seed Groat 
of 1 ines Emergence ~ield index date Height weight Percentage Protei n---oll 

Seed trait 1980 1981 1980 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981 1981 

_2 . days post-
-plants- -g m - --s-- -31 Hay- --m-- --g-- ~ 

Color 
Light 149 173 16.7 265 224 28.4 39.7 26.3 21.6 1.25 1.26 1.86 2.24 64.2 18.5 8.4 

** ** ** ** ** ** ** ** ** ** ** 

Dark 146 172 13.2 250 222 29.0 40.5 25.3 20.6 1.22 1.22 1.87 2.25 62.5 18.9 8.1 

Disarticulation 
habit 
Non-shattering 160 188 16.6 276 226 28.5 38.8 26.6 21.7 1.27 1.27 1.83 2.24 64.2 18.4 8.4 

** ** * ** ** ** ** ** *'* ** '** ** 

Shattering 140 169 12.9 236 222 28.9 41.7 24.9 20.4 1.20 1.20 1.88 2.24 62.4 19.0 8.0 

'*,*'*Difference between seed trait classes~ 0 (p < 0.05 and 0.01, respectively}. 

\,oJ 
0\ 



RELATIONSHIP BETWEEN MICRONUCLEI FREQUENCY 

AND CHARACTER COHERENCE 

IN Avena sativa L./A. fatua L. CROSSES 
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ABSTRACT 

The use of micronuclei frequency/microspore quartet (MF} has 

been proposed to indicate the relative reduction in chromosome homology 

among interspecific oat (AvenaL.) hybrids. Hybrids with lower MF 

would presumably undergo greater genetic recombination, providing 

greater opportunity for breaking linkages that contribute to associa

tion, or coherence, of desirable and undesirable characters in 

progenies. ~ 

Microspore quartets from 63 A. sativa L./A. fatua L. hybrids were 

observed to determine whether variation for MF existed among parental 

combinations. MF ranged from 0.23 to 2.82 among the hybrids, similar 

to previous reports for~· sativa/A. sterilis hybrids. 

Character coherence was examined in progenies from four ~· 

sativa/~. fatua hybrids with high MF and four hybrids with low MF to 

determine whether a relationship exists between MF and character co

herence. The degree of coherence of seed disarticulation and seed 

color (qualitative traits that differentiate the species) with 

quantitative traits that distinguish the parental species was not re

lated to differences in MF among these crosses. Likewise, the degree 

of coherence among the quantitative characters studied, as measured 

by coefficients of concordance, was not associated with differences 

in MF among the crosses. 

The analyses used could detect only character coherence and not 

genetic recombination,~~· Differences in MF among crosses may 

be related to differences in genetic recombination, but this was not 



39 

reflected in coherence of the characters studied. Accurate genotypic 

measurements of characters controlled by genes on potentially ab

normally pairing chromosomes are necessary to determine a relation

ship of MF with recombination and character coherence. 
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INTRODUCTION AND LITERATURE REVIEW 

Introgression has been used to introduce genes from wild hexaploid 

(2n=6x=42) oats, Avena sterilis L. and A. fatua L., into cultivated 

oats, ~· sativa L. A. sterilis has contributed genes for crown rust 

(Puccinia coronata Cda. f. sp. avenae Fraser and E. Led.) resistance 

(McDaniel 1974a, 1974b; Frey and Browning, 1976a, 1976b), and increased 

grain yield (Frey, 1977), groat protein percentage (Frey, 1975) and 

groat oil percentage (Frey et al., 1975). ~· fatua has contributed 

rust resistance and arid-region adaptation (Suneson,~l967a), and 

earliness and rapid growth {Suneson, 1967b) to cultivars developed in 

California. Burrows (1970) transferred the seed dormancy of A. fatua 

to A. sativa in an attempt to develop a spring-type oat that could be 

fall-planted. The seed would lie dormant through the winter and 

germinate in early spring, thus, avoiding complications associated 

with delayed spring seeding. 

Introgression has been hindered in several cases by associations 

of desirable and undesirable traits from the wild parent in cultivated/ 

wild oat progenies. High groat protein percentage of A· sterilis was 

associated with shattering and dark seed color (Campbell and Frey, 

1972; Lyrene and Shands, 1975), and with lemma pubescence, thin groats 

and low groat percentage (Lyrene and Shands, 1975). Campbell and 

Frey (1972) suggested that such associations might be due to linkage. 

McMullen et al. (1982) suggested that linkages in cultivated/wild 

oat hybrids might be enhanced by a lack of pairing between homologous 

chromosomes. They observed meiosis in all interspecific crosses of 
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nine~· sativa lines with seven A. sterilis lines. Meiotic irregu

larities were observed, including multivalents and, more frequently, 

univalents which were eventually manifested as micronuclei at the 

quartet stage of pollen development. Pollen fertility and seed set 

of the hybrids were slightly lower than for the parents. Varying 

frequencies of meiotic irregularities among the crosses suggested that 

recombination might also vary. Among the crosses, micronuclei frequency 

(MF) was correlated with metaphase I univalent frequency {r=0.79), 

anaphase I laggard frequency (r=0.77) and diakinesis univalent 

frequency {r=0.36). The quartet stage of pollen development is long 

in oats and micronuclei stain darkly and, thus, are easily observed. 

Therefore, McMullen et al. proposed that MF might be useful as an 

indicator of relative reduction in chromosome homology and recombina-

tion among large numbers of interspecific hybrids in a breeding pro

gram. Hybrids with low MF would be expected to undergo greater re

combination and, so, provide a greater opportunity for breaking un-

desirable character associations. 

Well-mapped linkage groups have enabled direct observation of 

recombination rates in interspecific Gossypium crosses {Rhyne, 1960; 

Stephens, 1961) and Lycopersicon esculenturn Mill./Solanum pennellii 

Corr. crosses (Rick, 1969). However, linkage groups are not well 

established in oats. Character associations must therefore, be 

examined by other methods to determine whether differences in MF re

flect differences in recombination. 

The restriction of character recombination, or coherence, has 

long been recognized in natural hybrid plant populations (Clausen 
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and Heisey, 1960). Coherence could be due to several factors in-

eluding gametic or zygotic elimination, pleiotropy or linkage 

(Anderson, 1939). In addition, there are developmental restrictions 

on dissociation of traits that are ontogenetically related (Smith, 

1950. 

Anderson (1949) proposed that the degree of recombination in 

segregating generations of interspecific crosses could be examined by 

determining the degree of multiple correlation among traits which 

distinguish the parental species. According to Anderson (1949) segre-
":' 

gants are envisioned as occupying a 11 narrow spindle .. (or ellipsoid) 

through, the center of a multidimensional cube whose axes measure 

characters differentiating the parents. Parents occupy opposite 

apices of the cube. Goodman (1966) proposed methods to measure the 

width of Anderson's recombination spindle. These methods could be 

used to compare character recombination or coherence in progenies from 

several interspecific hybrids. 

The first measure is Kendall's coefficient of concordance (W) 

which measures the degree of multiple correlation among ranked 

characters. No assumptions are made about the distributions of the 

characters. Two additional measures of spindle width may be used if 

characters can be assumed to be distributed at least approximately 

multinormally. Goodman's multinormal coefficient of concordance (Y) 

is an analog of W which uses product-moment correlations in place of 

rank correlations. Goodman's parental coefficient of concordance (Z) 

also uses product-moment correlations. However, each correlation 



43 

coefficient is weighted by the difference between the parents 

standardized by the phenotypic standard error of the progeny popula

tion for each trait. 

Character coherence does not necessarily imply genetic linkage. 

However, reduced genetic recombination could contribute to coherence 

observed in.cultivated/wild oat progenies. The objectives of our 

study were to determine 1) whether variation for MF exists among A. 

sativa/~. fatua hybrids and 2) whether differences in MF amongA. sativa/ 

A. fatua hybrids are related to differences in the deg~e of character 

coherence in their progenies. 
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MATERIALS AND METHODS 

Crosses were made between the nine A. sativa lines used by 

McMullen et al. (1982) and seven randomly selected A. fatua accessions 

from the USDA Northern Plains collection described by Rines et al. 

(1980). A· sativa lines were used as females. Sporocytes from one 

F1 plant from each cross were collected, fixed and stained as described 

by McMullen et al. (1982). At least 50 microspore quartets were ob

served for each cross. MF was determined as total number of micro

nuclei/number of quartets observed. Based on microspore quartet ob

servations (Table 1), the four crosses with the highest MF (HMF crosses) 

and the four crosses with the lowest MF (LMF crosses) were selected, 

without regard to parentage, for further evaluation. Parents of the 

eight crosses and MF observed in the F1 are shown in Table 2. MF in 

HMF crosses was almost ten times that in LMF crosses. 

Approximately 50 progeny lines/cross were derived, with no 

conscious selection, from random F2 plants by single-seed advance 

through the F4 generation. F2 plants and parents were grown in the 

field at St. Paul in summer 1979. F3 and F4 generations were grown 

in the greenhouse during the winter and spring of 1979-80. 

Parents and progeny lines were evaluated in the field in 1980 and 

1981 at St. Paul. The seed of parents used for evaluation was derived 

from the individual plant used to make the cross. Progeny lines were 

evaluated in the F5 generation in 1980 and the F6 generation in 1981. 

Poor greenhouse growing conditions in spring 1980 resulted in insuf

ficient seed for evaluation of several progeny lines from crosses 43 
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and 66 in 1980. These lines were increased in the field in 1980 and 

evaluated with the others in 1981. The number of lines evaluated in 

each year is shown in Table 2. 

Parents were planted in a preliminary experiment in the summer of 

1979 to determine which characters should be evaluated to examine co

herence in the progeny. Agronomic and morphological characters were 

chosen that 1) seemed to consistently differentiate A. sativa parents 

from~· fatua parents, 2) appeared highly heritable and 3) could be 

conveniently measured during the growing season or after~ards. The 

characters are listed in Table 3. Estimates from progeny lines in 

1980 and 1981 confirmed high heritability of the characters (Table 3). 

Parents and progeny lines were planted on 28 April 1980 and 18 

April 1981 in hill plots on 30 x 60 em centers at 25 seeds/plot. A 

randomized complete block design was used. Three replications were 

planted in 1980. Six replications were planted in 1981. In 1981, three 

replications were randomly selected for sampling to measure 2nd leaf 

area and panicle traits while the remaining three replications were 

harvested for grain. In both years, five leaves/plot (leaf below the 

flag leaf) were detached at heading, frozen, and later measured using 

an electronic leaf area meter. .Panicle traits (panicle length, 

spikelets/panicle and nodes/panicle) were measured on five panicles/ 

plot,~ situ in 1980, and on detached panicles in 1981. Growth habit, 

heading date, and plant height were recorded for each harvested plot 

in both years. At 12 to 14 days after heading, each plot to be har

vested was covered with a plastic mesh bag secured with a wired tag. 

The bag served to collect shattering seed and form a bundle for 
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harvest. Shattering and non-shattering genotypes were bagged. At 

maturity, plots were cut three to five em above ground level and al

lowed to dry. Bundle weight and panicles/plot were recorded before 

grain was threshed with a mechanical head thresher. Grain yield was 

recorded as the weight of cleaned, dry seed. 

Grain samples of each genotype, from two replications in each 

year, were classified for seed disarticulation habit and seed color 

and used to determine 100-seed weight. Disarticulation habit of 

shattering or non-shattering was determined by the prese~ce or absence 

of an abscission scar associated with the A. fatua shattering habit. 

Seed color classes were light (white or yellow) and dark (grey, 

brown or red). All A. fatua parents were shattering with dark-colored 

seed. All A. sativa parents were non-shattering with light-colored 

seed. 

In 1981, grain samples were mechanically dehulled to determine 

groat percentage. Groat oil percentage was then determined by 

nuclear magnetic resonance at the Department of Agronomy, University 

of Illinois, Urbana, IL. 

The two growing seasons were distinctly contrasting. Hot, dry 

conditions prevailed in 1980. Cool temperatures and adequate rain

fall occurred in 1981. High winds associated with a thunderstorm on 

15 July 1980 caused lodging of the entire experiment. Although 

early genotypes were nearing maturity, grain-filling in the later

maturing genotypes was probably adversely affected. In both years, 

plots were sprayed with maneb+zineb at four- to seven-day intervals 



to prevent crown rust infection. Nevertheless, infection became 

quite heavy by the end of the 1980 season. 
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In 1980, the number of plants emerged at ten days after planting 

was recorded for each plot. Some genotypes showed poor emergence due 

to seed dormancy enhanced by dry, warm soil conditions and by a lack 

of after-ripening of seed just harvested from the greenhouse. Con

sequently, a few progeny lines from each cross with severely reduced 

emergence were omitted from the 1980 analyses. In 1981, seed of all 

genotypes was soaked ten minutes in an acetone solution containing 50 

ppm giberellin-4+7:50 ppm benzyladenine:lO ppm ethephon,~approximately 

24 h before planting. Seed treatment with these plant growth regulators 

has been reported to break dormancy and promote germination in A. 

fatua genotypes (Taylor and Simpson, 1980; Adkins and Ross, 1981). 

Uniform emergence was observed in 1981. 

The effect of dormancy in reducing stands of several genotypes, 

and the adverse effects of drought, rust and storm-caused lodging on 

late-maturing genotypes, in 1980, contributed to large genotype-by

year interactions for several characters. Therefore, analyses were 

conducted for each year separately. 

Two approaches were used to detect differences in coherence be

tween HMF and LMF crosses. First, associations of the qualitative 

seed traits with the quantitative traits were studied by grouping 

progeny lines in each cross by their disarticulation habit or seed 

color. Only non-segregating lines were included. Means for the 

quantitative characters were computed for each group in each cross and 

compared by a t-test using the pooled experimental error for each 
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trait. Comparison of HMF with LMF crosses was done by averaging the 

differences of the four crosses in each group. The four crosses in 

each group were considered random, independent samples from the popula

tion of possible crosses having high or low MF. Therefore, the sample 

variance among crosses with MF groups was computed. 

The second approach used Goodman's (1966) measures of recombina

tion spindle width to determine coherence among quantitative characters 

for each cross. Following Goodman, Kendall's coefficient of con

cordance was calculated for each cross as follows: 

W = p(m-1)/m + 1/m 
-where p is the average of phenotypic Spearman rank correlation co-

efficients for all pairs of m traits. Since characters appeared to 

be distributed at least approximately normally, Goodman's multi

normal coefficient of concordance (Y) and parental coefficient of 

concordance (Z) were also computed as follows: 

y = r(m-1)/m + 1/m 

where r is the average of phenotypic product-moment correlation co-

efficients for all pairs of m traits, and: 

n 2 
Z = 1 - (E Dk)/[m{n-1)] 

k=l 
where n is the number of progeny lines from the cross and 

n m m 
E 02 = (m-l)(n-1) - (n-l)E Ea. 

k=l k l=J j=l 1 
a. r .. 

J lJ 
i fj 

where r .. is the phenotypic correlation between traits i and j in the lJ 
population, and 

:_J 
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where di is the difference between the parents of the population for 

trait i and si is the phenotypic standard error of the population for 

trait i. Since one parental species should be numerically greater for 

all characters when computing W or Y (Goodman, 1966), certain variables 

were adjusted as follows to make A. fatua larger: 100 - harvest index, 

10 - 100-seed weight, 100 - groat percentage, 25 - emergence. 



. 
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RESULTS AND DISCUSSION 

MF in A. sativa/A. fatua hybrids are shown in Table l. Results 

can be compared to those of McMullen et al. (1982) as they used the 

same nine A. sativa parents crossed with seven A. sterilis parents. 

A. sativa/A. fatua hybrids had a MF mean of 0.96 and variance of 

0.38. A. sativa/A. sterilis hybrids observed by McMullen et al. had 

a MF mean of 1.17 and variance of 0.22. MF ranged from 0.22 to 2.82 

among ~· sativa/A. fatua hybrids and from 0.25 to 3.25 among A. 

sativa/A. sterilis hybrids. Thus, variation for MF and, presumably, 

meiotic irregularity was similar in both sets of crosses. 

Noble, Jaycee and MN67201 had the highest average MF across all 

crosses with lines of both A. fatua and A. sterilis. The same 

structural and/or genetic factors controlling chromosome pairing may 

differentiate these three A. sativa genotypes from both wild species. 

However, Stormont, which had the lowest average MF (0.60) in crosses 

with A. fatua, had the fourth highest average MF {1.06) in crosses with 

A. sterilis. Thus, in certain A. sativa lines different structural 

and/or genetic factors may affect chromosome pairing in hybrids from 

crosses with one wild species but not in hybrids from crosses with 

the other wild species. 

Estimates of variance for MF among crosses involving a given 

parent were frequently as high as the variance for MF among all 

crosses (Table 1). Thus, selecting a specific parent for use based 

on average MF in past crosses may not be predictive of MF in a future 

cross unless average performance of the other parent is also known . 
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However, McMullen et al. (1982) observed numerous deviations from 

predicted MF in~· sativa/A. sterilis hybrids where predictions were 

based on both parental averages. This indicated that predicting MF 

for a specific hybrid would be hazardous even when MF averages in past 

crosses were known for both parents. 

The differences between parents of HMF and LMF crosses for 

quantitative characters are shown in Table 4. Differences were 

larger in 1980 than in 1981 for most traits. This was probably be

cause A. sativa and A· fatua parents responded differently to the 

contrasting environmental conditions of the two growing seasons. The 

means of differences between parents of HMF crosses were similar to 

those of the LMF crosses. Parents of crosses 42 and 52 were more 

phenotypically similar than parents of crosses 34, 70 and 74 for 

several traits including harvest index, heading date, panicle traits 

(except seeds/panicle) and 2nd leaf area. If phenotypic similarity 

of parents indicates genotypic similarity, then allelic differences 

may be less frequent. This could contribute to lower coherence in 

segregating generations of the cross. However, progenies from 

genetically similar parents might have less genetic variation for 

individual characters and, therefore, be less desirable for selection. 

Tables 5 and 6 show differences for quantitative traits between 

progeny lines grouped by disarticulation habit or seed color. A dif

ference having the same sign as the difference between the parent 

species (Table 4) indicates coherence between the quantitative trait 

and the seed trait. Numerous changes in the sign or magnitude of 

differences in 1980 compared to 1981 were observed (Tables 5 and 6). 



These changes indicated that progeny seed trait groups, like the 

parent species, responded differently to the contrasting growing 

seasons. 
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Variability among crosses existed for both the presence and 

magnitude of coherence between quantitative traits and seed traits 

(Tables 5 and 6). However, the relative magnitudes of differences be

tween progeny seed trait groups did not seem to correspond to the 

relative magnitudes of differences between the parents. Coherence 

between disarticulation habit and the quantitative traits was most 

frequently observed in crosses 34, 42, 43 and 66 (Table 5). Coherence 

between seed color and the quantitative traits was most frequently 

observed in crosses 34 and 66 (Table 6). Quantitative traits were 

frequently observed to be coherent with one of the seed traits but 

not with the other for a given cross. For example, disarticulation 

habit was not coherent with plant height or groat oil percentage in 

any of the crosses (Table 5). However, seed color was coherent with 

plant height in crosses 34 and 66, and with groat oil percentage in 

crosses 34, 42 and 74 (Table 6). Disarticulation habit and seed 

color appeared to be controlled by single, independent genes in F2 
populations of the crosses. Therefore, genes controlling a 

quantitative trait could be linked to the gene controlling one of 

the seed traits but not the other. Likewise, these linkages could 

vary among crosses. 

Means of the differences for HMF and LMF crosses are shown at 

the bottom of Tables 5 and 6. HMF crosses would be expected to have 

greater coherence, on the average, if HMF is indicative of decreased 
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recombination. No consistent relationship between MF and coherence 

was discernible, however, because variability among crosses within 

MF groups overshadowed differences between MF groups. 

Estimates of 11 recombination spindle 11 width, W, Y and Z, are pre

sented in Table 7. Values of W, Y and Z can range from zero to one. 

Higher values indicate narrow spindle width and greater coherence of 

quantitative traits. The null distribution of W is known, hence, a 

probability statement can be made concerning the null hypothesis of 

W = 1/m (Gibbons, 1971). l/m is the expected value of W if all 

phenotypic rank correlations are equal to zero and would indicate no 

coherence among the characters measured. All values of W in this 

study were greater than zero (P<O.Ol). The properties of non-null 

distributions of W, and the distributions of Y and Z are not known. 

However, values of W, Y and Z for the eight crosses generally seemed 

to vary about a mean midway between zero and one. Therefore, the 

values were assumed to be independent, random samples from an ap

proximately normal distribution and the sample variance was determined 

for each MF group. 

HMF and LMF means for W, Y and Z (Table 7) were numerically very 

close and standard errors were frequently overlapping for combinations 

of characters in both years. W, Y and Z were computed for additional 

subsets of characters (not shown) with the same results. Therefore, 

differences in coherence among these traits, as measured by W, Y and 

Z, did not correspond to differences in MF in these crosses. 

Values of W, Y and Z that we observed were considerably larger 

than Goodman (1966) found for Gossypium crosses and backcrosses. He 
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used characters that he believed to be developmentally independent. 

Several of the characters we studied, such as heading date, height, 

the panicle traits, and 2nd leaf area, are probably partly related 

developmentally. In addition, seeds/panicle is mathematically re

lated to 100-seed weight and harvest index (Table 3). These relation-

ships could increase correlations and, thus, account partly for the 

coherence among these characters. However, it is important to note 

that coherence was not altered against these background developmental 

relationships by potential differences in genetic recombination 

indicated by MF. 

Values of W, Y and Z were lower in 1981 than in 1980 (Table 

7). The severe environmental conditions of 1980 may have allowed less 

flexibility in plant development, resulting in higher correlations, 

especially between developmentally related characters. 

W, Y and Z were also lowered when emergence was added to the 

first ten variables in 1980 and when groat percentage and groat oil 

percentage were added in 1981. These characters were evidently less 

developmentally and/or genetically coherent with the first ten 

characters than the first ten characters were with one another. 

Values of W and Y for each cross were fairly similar to each 

other in our study indicating the general similarity of rank and 

product-moment correlations. Goodman (1966) found the same results. 

However, since Goodman used only one set of parents he could not ob-

serve how Z might vary with different pairs of parents. Z accounts 

for differences among crosses in the phenotypic similarity between I 
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parents and in the phenotypic variation among progeny. We found that 

Z varied considerably more among crosses than did W or Y (Table 7). 

Crosses 42 and 52 tended to have relatively low values of Z. Crosses 

34, 70 and 74 tended to have higher values. As noted above, the 

parents of crosses 42 and 52 were phenotypically more similar for 

several characters than the parents of crosses 34, 70 and 74. However, 

phenotypic variation among progeny lines was similar among the crosses 

for most traits (not shown). This tended to reduce a; values (the 

weights for the correlations) and, thus, decrease Z values in crosses 
, 

between phenotypically similar parents. Essentially, the a;'s adjust 

the size of the hypercube defined by the phenotypic similarity of the 

parents. However, since variation among progeny was similar in 

crosses with small and large parental hypercubes in our study, a larger 

proportion of the small hypercube is occupied by the progeny hyper-

ellipsoid i.e., the recombination spindle is larger as a proportion 

of the parentally-defined cube in crosses with phenotypically similar 

parents, although the spindle has the same absolute dimensions for 

all crosses. 

Our results indicate that differences in MF among these A. sativa/ 

A. fatua hybrids are not related to coherence in their progenies of at 

least some of the traits that distinguish the parental species. Our 

techniques would not be able to detect a direct relationship between 

MF and genetic recombination since linkage is only one factor con-

tributing to character coherence. However, character coherence is 

the phenomenon that would actually be observed in populations in a 

breeding program. 
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McMullen et al. (1982) noted that, in studies with wheat, 

chiasma failure and subsequent univalent formation at metaphase I do 

not necessarily indicate crossing over has not occurred (Fu and Sears, 

1973). If this situation exists in oats, then differences in MF 

among hybrids would not necessarily indicate differences in genetic 

recombination or character coherence. McMullen et al. (1982) postu

lated structural differences -- translocations and duplication

deficiencies -- on relatively few chromosomes between A. sativa and 

A. sterilis lines. Structural differences are fairly frequent in 

hexaploid oats (Ladizinsky, 1970) and, therefore, likely exist be

tween certain A. sativa and A. fatua lines. As many as two to three 

micronuclei/quartet could be accounted for by asynapsis or desynapsis 

of just one or two chromosome pairs with structural differentiation. 

Recombination in the remaining 19 or 20 pairs could be essentially 

normal. In addition, random, independent assortment of 21 pairs pro

vides for considerable whole-chromosome recombination that could re-

duce character coherence. Thus, the polyploidy of oats provides 

considerable "recombination buffering" which could diminish the ef

fects of reduced homology in a few chromosome pairs in interspecific 

hybrids. 

Studies of recombination between linked genes in interspecific 

Gossypium crosses (Rhyne, 1960; Stephens, 1961) showed that recombina

tion is reduced in heterologous segments (presumably with slight 

structural differences), but may be increased in adjacent homologous 

regions of a chromosome. Total recombination per bivalent remains 

essentially unchanged. This situation could exist in oats but its 
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effects on character coherence would depend on the distribution of 

genes controlling the characters among homologous and the heterologous 

segments of the genome. If a large proportion of genes differentiating 

the species are in heterologous segments, then coherence would be 

enhanced. 

McMullen et al. (1982) found that pollen fertility and seed set 

were reduced in A. sativa/A. sterilis hybrids compared to the parents 

or intraspecific hybrids. Gametes (male or female) resulting from 

meiosis with abnormal chromosome pairing are possibly selectively 

eliminated. If this is the case, then microspores with micronuclei 

may not become viable pollen cells. Not all quartets in our study or 

that of McMullen et al. contained micronuclei, even in crosses with 

high MF. Thus, if quartets without micronuclei had relatively normal 

meiosis and crossing over, and formed the majority of viable pollen, 

then MF would not necessarily reflect the recombination potential in 

male gametes. Likewise, differences in MF among hybrids would not 

necessarily indicate differences in meiotic irregularity or recombina

tion in female gametes. 

Grant (1979) recently re-examined older data and suggested that 

coherence is perhaps not as prevalent in natural populations as was 

widely believed. He suggested that non-coherence may be particularly 

prevalent in annual species where population composition may change 

drastically from year to year. A lack of coherence between develop

mentally unrelated characters in~· sativa/A. fatua populations would 

perhaps not be surprising. All Avena hexaploids are considered to 

be a single biological species (Ladizinsky and Zohary, 1971). Barriers 
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to gene exchange between ~· sativa and A. fatua are relatively minor. 

The species are sympatric in many regions. They are generally auto

gamous, but outcrossing is not precluded. Outcrossing rates as high 

as 10% have been reported for~· fatua (Imam and Allard, 1965). 

Meiosis in hybrids may be slightly irregular (as indicated by the 

presence of micronuclei) but fertility of hybrids is not greatly re-

duced. Hence, gene exchange is quite feasible and some introgression 

may even occur in natural situations, particularly from A. sativa to 

~· fatua. This would result in the genomes of A. sativa and A. fatua 

being genetically similar than might be expected, and could diminish 

the degree of coherence in crosses. 
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Table l. Micronuclei frequency in A. sativa/A. fatua hybrids. 

A. fatua parent A. sativa 
A. sativa - uareo:t 

parent Af206 Af565 Afl223 Af2068 Af573 Afl274 Afll7 x s2 

Stormont 0.65 0.26 0.37 0.27 1.10 1.01 0.53 0.60 0.12 
Otee 0.28 0.31 0.46 0.48 0.96t 0.97 1.39 0.69 0.18 
Clintland 64 0.67 0.48 0.46 0.45 0.72 1.19 1.09 0.72 0.09 
Tippecanoe 0.55 0.46 0.23 0.38 0.60 0.55 2.82 0.80 0.81 
Garland 0.83 0.50 0.67 0.65t 1.04 1.09t 1.08 0.84 0.06 
MN67231 0.22 0.31 0. 41 0.80 1.03 1.38 l. 91 0.87 0.39 
MN67201 0.52 0.88 0.65 1.18 1.64 1.20 1.41 1.07 0.16 
Jaycee 0.98 0.88 2.62 1.30 1.57 1.32 0.63t 1.33 0.42 
Noble 0.6lt 2.22 1.44 2.16 2.37 2.29 0.74t 1.69 0.58 

A. fatua x 0.59 0.70 0.81 0.85 
all hybrids 

1.22 1.22 1.29 x = 0.96 
;arent s2 0.06 0.38 0.58 0.37 0.30 0.22 0.52 s2 = 0.38 

t Crosses made in spring greenhouse 1979. F~ grown infall greenhouse 1979. Microspore observations by 
J. J. Luby. All other crosses made in spr ng greenhouse 1977. F1 grown in fall greenhouse 1977. 
Microspore observations by Dr. M. S. McMullen 

Ol 
w 
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Table 2. A. sativa/A. fatua crosses with high and low micro-
nuclei frequency (MF) and the number of progeny lines 
evaluated. 

No. of progeny 
Cross Parents lines evaluated 

designation A. sativa A. fatua MF 1980 1981 

High MF 
34 Jaycee Afl223 2.62 46 50 
42 Noble Af565 2.22 49 50 
43 Noble Af573 2.37 37 .. 50 
70 Tippecanoe Afll7 2.82 45 50 

Low MF 
51 Otee Af206 0.28 48 50 
52 Otee Af565 0.31 46 50 
66 Stormont Af2068 0.27 20 49 
74 Tippecanoe Afl223 0.23 44 50 



Table 3. Characters measured and their heritability estimates. 

Character 

guantitative 
1. Harvest index 
2. Heading date 

. 3. Height 
4. Growth habit 

5. Panicle length 
6. Spikelets/panicle 
7. Nodes/panicle 
8. 2nd leaf area 

9. 100-seed weight 
10. Seeds/panicle 

11. Emergence 

12. Groat % 
13. Groat oil % 

Qualitative 
Seed disarticulation 

Seed color 

Description 

Grain yield/bundle weight 
Days past 31 May 
m above ground level 
Vegetative growth habit; 
rated laerect to 5=prostrate 
em 

Area of the leaf below the 
flag leaf 
g/100 seeds 
Grain yield/100-seed weight/ 
(panicles/plot) 
No. of plants/plot emerged 
at ten days after planting 
Groat as % of seed weight 
Oil as %of groat weight 

Shattering, non-shattering, 
or segregating 
Dark, light, or segregating 

Heritabilit~ 
1981 1980 

92 (86 - 97)t 
98 (98 - 99) 
95 (91 - 97) 
90 (84 - 94) 

95 (92 - 97) 
95 (92 - 97) 
95 (89 - 97) 
96 (91 - 98) 

88 (77 - 92) 
79 (66 - 91) 

90 (84 - 94) 

J 
79 (70 - 87) 
97 (96 - 98) 
96 (93 - 98) 
77 (71 - 85) 

93 (85 - 97) 
92 (84 - 96) 
88 (80 - 94) 
76 (58 - 87) 

83 (77 - 90) 
81 (73 - 89) 

54 ( 6 - 73) 
94 (88 - 98) 

t Mean and range (in parentheses) of heritabil i·tY estimates (1 i ne mean basis) for ef ght 
crosses. 

"' V1 
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Table 4. Differences between parental means for quantitative characters (d a x of~· sativa parent - x of ~· fatua parent). 

Groat 
Panicle Spikelets/ !lodes/ 2nd leaf 100-seed Seeds/ Emer- Percent"-Harvest 

index 
1980 1981 

Heading 
date 

1980 1981 
Height 

1980 1981 

Growth 
habit length sanicle panicle area 

1980 1981 11!0 1981 1980 1981 1980 1981 
weight ~anicle 

1980 1981 19 0 1981 
gence age Oi 1 

Cross 

HMF 
34 
42 
43 
70 

~ 
51 
52 
66 
74 

1sd 

19801981 

--s-- --days- --nt--- ----em--- -cm2 - --g--
17.5 10.7 -18.7 -14.0 -0.44 -0.62 -3.3 -2.3 -12.9 - 6.8 -52 -29 -2.7 -0.9 -27.9 -2.9 1.18 0.63 -34 
9.1 0.1 - 3.3 - 0.7 -0.33 -0.27 -1.7 -1.7 - 9.0 -8.1 -10 - 7 0.1 -0.3 - 5.5 -1.2 1.18 1.02 -17 

20.5 4.9 -18.0 -10.0 -0.34 -0.43 -4.0 -2.3 -15.4 -11.6 -43 -18 -3.1 -0.7 -15.7 -2.3 1.59 0.93 -17 
21.9 14.9 -19.7 -16.6 -0.29 -0.42 -3.3 -2.7 -14.6 -11.6 -68 -47 -2.7 -2.1 -37.0 -4.1 1.07 1.19 -19 

13.4 6.5 -12.3 - 8.3 -0.36 -0.44 -3.0 -2.0 -15.3 - 9.4 -35 -14 -1.8 -0.7 -19.1 -4.6 1.04 1.15 -29 
11.7 4.4 - 6.0 - 4.3 -0.41 -0.40 -2.0 -2.3 -11.7 - 6.0 -22 -11 -0.9 -0.4 -13.8 -4.3 1.01 1.08 -27 
13.5 1.2 - 9.3 - 9.0 -0.32 -0.39 -2.0 -2.0 -15.1 -10.4 -37 -35 -1.2 -0.7 -18.9 -1.5 1.71 1.62 -34 
15.3 9.5 ~19.7 -13.4 -0.42 -0.56 -3.7 -2.7 -17.8 - 9.8 -72 -26 -3.2 -0.7 -30.7 -2.2 0.62 1.03 -44 . 

1980 --1981--

-24 
plants --s--
13.0 11.9 -3.9 

-16 
-16 
-20 

7.7 
7.7 

17.7 

-11 4.0 
-lg 10.0 
-20 12.0 
-23 14.7 

12.7 
11.4 
19.1 

14.0 
14.4 
11.7 
17.0 

-4.4 
-4.8 
-4.4 

-2.8 
-2.3 
-3.5 
-5.6 

(O.OS)t 4.1 5.1 1.7 1.8 0.06 0.07 0.9 0.9 2.0 1.7 8 7 0.5 0.4 5.9 6.6 0.30 0.29 14 14 2.1 5.7 0.7 

aHHF 

aLMF 

17.2 7.6 -14.9 -10.3 -0.35 -0.44 -3.1 -2.3 -13.0 - 9.5 -43 -25 -2.1 -1.0 -21.5 -2.6 1.25 0.94 -22 -19 11.5 
±2.9 ±3.2 ± 3.9 ± 3.5 ±0.03 ±0.07 ±0.5 ±0.2 1 1.4 t 1.2 ±12 ± 9 ±0.7 ±0.4 ± 6.9 ±0.6 ±0.11 ±0.12 ± 4 ± 2 ±2.4 

13.5 5.4 -11.8 - 8.8 -0.38 -0.45 -2.7 -2.3 -15.0 - 8.9 -42 -21 -1.8 -0.6 -20.6 -3.1 1.09 1.22 -34 -18 10.2 
±0.7 ±1.7 ± 2.9 ± 1.9 ±0.02 ±0.04 ±0.4 ±0.2 ± 1.3 ± 1.0 ±11 ± 6 ±0.5 ±0. 1 ± 3.6 ±0.8 ±0.23 ±0.14 ± 4 ± 3 ±2.3 

t d! 1sd in absolute value ~ 0 (p<O.OS). 

13.8 
±1.8 

14.3 
±1.1 

-4.4 
±0.2 

-3.6 
±0.7 

~ 
0\ 



Tobie 5. Differences for quantitative characters between means of progeny grouped by seed disarticulation habit (d • i of nonshattering lines· 
i of shattering lines). 

Harvest 
index 

Cross l9so-- 1981 

--s--
1.6** -2.1** 

2 .9** -2 .4** 

-2.5•• -3.4** 

Heading d• te 
1980 1981 

--doys-

·Q,!** -0.1 

-0.3 -0.3 

1.6** ·l.:.Q** 

Height ~r;.th hatM1 ~98bcle 1i"A'h 

0.046** 

0.052** 

0.017* 

0.053** -0.06 

0.031** ·!!..:1!.* 

0.026** 0.14 

-0.01 

0.08 

-0.07 

--CII--
-0.2 1.0** 

0.6* 0.5** 

0.4t -0.4* 

Spike lets/ 
panicle 
~9Sl 

-5.4** 

1.0 

6.1** 

0.7 

2.0* 

2.9** 

llodes/panicle 
1980 1981 

·QJ!* 0.08t 

0.00 -0.05 

0.22** -0.04 

2nd leaf area 
1980 1981 

-2-~ 

-!..:1.** 
2.1** 

3.1** 

-2.5** 

1.8* 

·l.:.!t 

100-seed weiAht 
1980 1 1 

---g--
-0.151 

!!:.QZL* 
0.018 

-0.017 

!!..:.QN* 

-0.05lt 

Seeds/panicle 
1980 1981 

-U** 
-Ut 
·!:.!** 

ber- Groat 
gence Percentage Oil 
1~0 --1~1--

plants 

-0.3 

l.:!** 
2.0** 

3.3** 

U** 
l:.Q** 

~ Hl4f 

34 

42 

43 

70 0.0 -3.0** 2.2** 2.7** 0.093** 0.115** 0.34** 0.03 2.3** 1.6** 10.8** 5.8** 0.35** 0.29** 3.2** 2.2** -0.019 -0.004 

5.2** 

4.1* 

-1.3 

8.8** 5.7** 5.2** -0.5 

o. 70** 

0.30** 

0.81** 

0.62** 

lMf 
51 

52 

66 

74 

a.,., 

-0.7 -2.2** 

-2.7** -4.7** 

-0.2 -1.7** 

-1.0* -3.5** 

0.5 

•1.2 

-2.7 

•0.3 

aLHF -1.2 -3.0 

•0.7 t0.5 

2.1** 

5.2** 

0.9** 

1.0** 

0.7 

•0.1 

2.3 

tl.O 

1.8** 
3.7** 

0.0 

2.6** 

0.3 

t0.8 

2.0 

t0.8 

0.067** 

0.113** 

0.171** 

0.104** 

0.052 

•0.016 

0.114 

<0.022 

0.077** 0.50** 

0.141** 1.05** 

0.053** -0.25t 

0.112** 0.46** 

0.056 

•0.020 

0.096 

•0.019 

0.05 

t0.12 

0.44 

•0.21 

0.19* 

0.18* 

-0.20* 

0.05 

0.01 

1.8** 

3.5** 

1.6** 

2.4** 

0.8 

t0.03 t0.5 

0.05 2.3 

t0.09 t0.4 

1.1** 

1.4** 
0.6** 

1.0** 

0.7 

t0.4 

1.0 

t0.2 

5.7** 
10.9** 

4.5** 
13.5** 

3.1 

t3.5 

8.6 

t2.1 

5.9** 

4.8** 

1.1 

10.2** 

2.9 

tl.l 

5.5 

t1.9 

0.29** 

0.68** 

0.21** 

0.22** 

0.11 

•0.11 

0.37 

!0,11 

0.20** 

0.05 

0.02 

0.24** 

0.07 

•0.08 

0.13 

•0.05 

6.2** 

11.5** 

2.3* 

6.3** 

1.2 

t1.8 

6.6 

t1.9 

1.3t 

3.9** 

-0.4 

2.6** 

0.0 

t1.2 

1.9 

t0.9 

-0.019 -0.004 5.3** 

-0.119** -0.002 8.9** 

-0.085t -0.052t 5.8* 

-0.235** -0.184** 14.8** 

-0.019 

t0.048 

-0.114 

•0.045 

-0.001 
t0.026 

-0.035 

t0.051 

4.2 
tZ.l 

8.1 

•2.2 

·t, •, •• d I 0 (p<O,lO, 0.05 and 0.01, respectively). Underlined d's denote coherence of quantitative character with seed disarticulation habit 
(p<O. 10). 

I') •:o~t~'l/M<O"o•n 

2.8t 

3.6** 

-0.7 

10.4** 

-1.5 

•2.4 

4.0 

t2.3 

7 .0** 

1:!** 
2.4** 

Li** 
2.4 

•1.1 

5.2 

tl.O 

0.5 

0.4 

3.6** 

u·· 
2.0 

t0,9 

1.1 
t0.8 

0.48** 

0.67** 

0.25** 

0.81 

0.62 

t0.12 

0.57 

t0.13 



Table 6. Differences for quantitative characters between AIOans of progeny grouped by seed color (d • ii of light-colored lines - i of dark-colored 
lines). 

Cross 

HMf 
34 

42 

43 

70 

Ulf 

51 

52 

66 

74 

Harvest 
index Heading date 

1980 1981 
Height Growth habit 

1980 1981 

Panicle 
length 

1980 1981 -mo--T98l 198<1- 1981 

" --days--

0.7* -0.7 -ll** -9..:1.** ~- -0.017** 

-2.3** -2.7** . 1.9** 2.5** 0.035** 0.065** 

-0.32** 0.06 

0.11 0.04 

1.2** 

1.7** 

0.5 

-0.1 

-2.5** -3.2** 1.8** 1.0** 0.032* 0.053** 0.22 0.04 

!2** -0.4 -0.9** -0.2 0.014t 0.005 -~- -0.13 

-0.1 -1.4* 

0. 3 -0.7 

!;!" 1:.!** 
-1. 3** -2.1* 

l.D-* 1.4** 

0.6** 1.6** 

·!.:.!** -0.6** 
0.5* 1.2** 

0.061** 

0.033** 

-0.006 

0.08g•• 

0.094** 0.36** 0.12 2.2** 

0.064** 0.33** 0.21* 0.8** 

-~·· -0.58** -0.43** -.1.:1** 
0.106** -Q.Ji** -0.24* 1.2** 

-0.6** 

0.9** 

0.1 

-0.6** 

aHHF -0.6 -1.7 

tO. 7 

0.3 

t0.9 

0.6 

tO. 7 

0.011 

10.017 

0.011 

t0,032 

-0.09 

10.15 

0.00 

t0.04 

0.8 

10.4 

1.8** 

0.1 

-0.2 

0.1 

-0.1 

10.4 

aLHF 

tl.l 

0.9 

t1.3 

-0.2 

tl.2 

0.0 

tO. 7 

0.9 

t0.5 

0.044 

10.020 

0.051 

t0,038 

-0.01 

10.22 

-0.08 
t0.15 

0.7 

tO. 7 

0.5 

t0.5 

Spike lets/ 
panic!• 

1980 1981 
Nodes/panicle 
1980 1981 

0.9 

5.6** 

7 .5** 

1.9* 

5.2** 

4.5** 

-£:It 
5.1** 

4.0 

t1.5 

3.0 

t1.9 

-4.4** -0.17** 

4.4** 0.28** 

4.8** 0.25** 

0.3 -.!hll* 

5.4** 0.32** 

4.2** 0.31** 

-2.2** -0.26** 

4.1** 0.20** 

1.3 0.06 

t2.1 t0.12 

2.9 0.14 

t1.7 t0,14 

-!!..:Q** 
0.20** 

0.03 

-.!hll* 

0.21** 

0.25** 

0.01 

0.08 

-0.04 

t0.10 

0.14 

10.06 

2nd leaf area 
1980 1981 

100-seed wei~ht 
1980 1 81 

SeedS/!!!nic1e 
1980 1981 

-1.1 

5.3** 

4.5** 

-0.2 

5.4** 

1.8** 
-2.2* 

3.1** 

2.1 

11.6 

2.0 

11.6 

-£:1.** o.oz8 -0.043 -U** 

2. 7** -0.127** -0.099** 4.4** 

2.3** 0.010 -0.062t 2.4 

-0.4 -0.088** -0.028 2.4 

2.6** 
0.8 

-.Ll.t 
-0.8 

0.5 

11.3 

0.3 

t0.9 

0.005 

-0.035 

0.138* 

-0.040 

-0.044 

10.038 

0.017 

10,042 

0.010 

-0.016 

-0.065* 

-0.009 

-0.058 

6. 7** 

1.9 

6.8** 

4.5* 

0.9 

t0.015 t2.2 

-0.020 5.0 

tQ.016 tl.2 

-9.6** 
3.5** 

0.5 

-1.9 

6.4** 

0.3 

6.1** 

1.1 

-1.9 

t2.8 

3.5 

tl.6 

t, •, •• d I (p<O.lO, 0.05 and 0.01, respectively). Underlined d's denote coherence of quantitative character with seed color (p<O.lO). 

·\ 

,.:;.'!"·'.',_~~:--

fiRer- Groat 
gence Percentage Oil 
1980 --1981--

2.3** 
2.8** 

!.:1.** 
U** 

3.7** 

!..:.!** 
£:1** 
5.9** 

2.9 

t0.7 

3.5 

t0.9 

---1---

!..:1.** 
Ll.** 
2.2** 
0.5 

u· 
0.8 

..L.!** 
2.3** 

1.6 

t0.4 

1.6 

t0.3 

-Q.2Q** 
-0.63** 

0.94** 

0.63** 

0. 33** 

0.82** 

0.16* 

-0.30** 

0.11 

t0.40 

0.25 

t0.23 
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Table 7. Coefficients of concordance (W, Y and Z). 

Coefficients comEuted using characters: 
1 through 10 1 through 11 

Cross w y z w 'I z w y z 
HMF 1980 1981 1980 

34 0.682 0.664 0.628 0.555 0.581 0.530 0.600 0.601 0.580 

42 0.630 0.618 0.353 0.558 0.544 0.270 0.525 0.521 0.314 

43 0.622 0.622 0.565 0.587 0.570 0.427 0.566 0.560 0.523 

70 0.618 0.615 0.612 0.575 0.579 0.510 0.519 0.511 0.526 

Mean 0.638 0.630 0.540 0.569 0.568 0.434 0.552 0.548 0.486 

±0.015 ±0.011 ±0.064 ±0.008 ±0.009 ±0.059 ±0.019 ±0.020 ±0.059 

LMF 

51 0.615 0.633 0.567 0.563 0.554 0.399 0.493 0.527 0.512 

52 0.701 0.656 0.507 0.549 0.547 0.341 0.568 0.529 0.437 

66 0.499 0.537 0.441 0.488 0.519 0.420 0.441 0.474 0.401 

74 0.713 0.713 0.702 0.555 0.567 0.439 0.575 0.575 0.498 

Mean 0.632 0.635 0.554 0.539 0.546 0.400 0.519 0.526 0.487 
±0.049 ±0.037 ±0.056 ±0.017 ±0.010 ±0.021 ±0.032 ±0.021 ±~.044 

-- r through -10 212 & 13 
\~ y z 

1981 
0.471 0.483 0.428 
0.373 0. 361 0.121 

0.436 0.420 0.285 
0.409 0.417 0.319 

0.422 0.420 0.288 
±0.021 ±0.025 ±0.064 

0.445 0.438 0.299 
0.453 0.456 0.269 
0.405 0.434 0.319 

0.388 0.458 0.250 

0.423 0.447 0.284 
±0.015 ±0.006 ±0.015 

0'1 
\0 



70 

CONCLUDING STATEMENT 

Two critical aspects of using wild hexaploid species in oat 

breeding are 1) identifying wild genotypes which can contribute use

ful genes for the trait(s) to be improved and 2) determining which 

cultivated/wild parental combinations provide the greatest opportunity 

to introgress useful genes from the wild species without retaining 

undesirable wild characters. 

Results from this study indicate that potential ~- fatua parents 

should be screened not only for the character(s) to be improved such 

as grain yield, groat oil or groat protein percentage, but also for 

characters related to general adaptation, such as maturity and height. 

This may require greater initial effort but should ultimately result 

in a higher proportion of better adapted progenies. 

Screening these A. sativa/A. fatua hybrids for micronuclei 

frequency did not appear to be useful to predict the degree of 

character coherence in their progenies. Although there was variation 

for coherence among crosses in this study, it was difficult to as

certain a pattern or cause. Factors other than genetic linkage, 

especially developmental or physiological relationships, probably 

account for much of the coherence among traits that differentiate 

A. fatua from A. sativa. Developmental or physiological relationships 

between undesirable traits would be helpful to a breeder since 

selection against one trait would be expected to indirectly but 

effectively select against the other trait as well. Howevtr 1 

developmental or physiological relationships between des1rab\f 

-1-
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undesirable traits pose perhaps even a more difficult problem than 

does genetic linkage. Genetic linkage can be broken by providing suf

ficient opportunity for recombination, including the use of large 

population sizes, backcrossing and random mating. However, if 

developmental or physiological relationships result from actual 

physical limitations on processes in the plant then such relation

ships may indeed be quite difficult to alter and may partially ac

count for difficulties in breeding efforts using wild oats. 



APPENDIX 



Table A-1. Number of progeny lines in each seed trait group. 

1980 
Ill sart lculation 

ROil-. Color 
Cross shattering Shattering Segregating Llght Dark Segregating Total 

umber of progeny 1 tnes 

34 17 24 5 24 15 7 46 
42 26 18 5 22 23 4 49 
43 24 11 2 27 7 3 37 
70 18 23 4 14 26 5 45 
51 23 19 6 20 23 5 48 
52 22 18 6 19 23 4 46 
66 8 11 1 8 8 4 20 
74 22 16 6 15 21 8 44 

1981 
!ilsartlculatlon 

tlon-
shattering Shattering Segregating Llght 

17 28 5 26 
26 19 5 22 
29 17 4 32 
21 25 4 15 
24 20 6 21 
23 21 6 22 
24 19 6 18 
24 20 6 17 

Color 
Dark Segregating 

16 8 
24 4 
11 7 
29 6 
24 5 
24 4 
21 10 
23 10 

Total 

50 
50 
50 
50 
50 
50 
4g 

50 

-..! 
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