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ABSTRACT
BETA-GLUCAN STUDIES IN OAT (AVENA SATIVA L.)
By

Bryan Robert Brunner

B-glucan is a hypocholesterolemic water-soluble fiber
component of oat (Avena sativa L.) grain. Despite benefi-
cial physiological effects associated with f-glucan, few
data are available on the effects of environment on f-glucan
content and heritability has not been estimated.

One experiment was designed to examine the effect of N
fertilizer on f-glucan concentration and other traits.
Plantings were made at East Lansing and Caro, Michigan, in
1987, 1988, and 1989. The experimental design was a split
plot with three replications. Whole plots consisted of
three N levels (0, 37, and 74 kg ha'!), and subplots consist-
ed of five oat varieties (Heritage, Korwood, Ogle, Pacer,
and Porter). Increased N levels tended to reduce test
weight and hull percentage, while increasing grain yield,
groat protein content, groat S-glucan content, and
B-glucan yield. N application had no effect on groat
weight. Differences between locations were observed for all
traits except groat f-glucan concentration. Considerable
climatic variability among years affected crop response.
Test weight, hull percentage, groat weight, and grain yield
were highest in 1987. 1In 1988, groat protein concentration

was highest, however, lowest mean values were observed for



test weight, hull percentage, grain yield, groat weight,
groat fB-glucan concentration, and f-glucan yield. Grain
yield, B-glucan concentration, and f-glucan yield were high
in 1989, while test weight, hull percentage, and protein
content were low. No significant differences in mean
B-glucan concentration were found among cultivars. Pacer
had the highest mean test weight, Porter the highest groat
weight and protein content, and Ogle the highest grain yield
and fB-glucan yield, and lowest hull percentage. Correla-
tions between f-glucan content and test weight, hull per-
centage, grain yield, or groat weight were mostly small or
nonsignificant. Correlations between groat protein and
groat B-glucan were significant, relatively large, and posi-
tive in 1987 and 1989, but were nonsignificant in 1988.

A second experiment was conducted to estimate herita-
bility of oat f-glucan content. Two nested S,-derived
populations were developed from the crosses Garry x Hazel
and Garry x Marion. Garry is a low f-glucan cultivar, while
Hazel and Marion have high groat f-glucan contents. Broad
sense heritabilities of 0.41 and 0.54 were observed for

populations 1 and 2, respectively.
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INTRODUCTION

B-glucan, a nonstarchy polysaccharide composed of
mixed-linkage (1-3)- and (1-4)-B-D-glucopyranosyl units, was
first isolated from oat in 1942 (Morris, 1942). This poly-
saccharide is also found in barley, and may adversely affect
the malting, brewing, and feeding quality of this grain
(Novacek and Peterson, 1967; Bourne et al., 1976). Primari-
ly as a result of greater commercial interest in barley
B-glucan than in oat, significantly more research has been
done on the former.

There is currently new interest, however, in the use of
oat f-glucan as an industrial hydrocolloid and as a nutri-
tionally valuable dietary supplement. Oat gum, a crude ex-
tract of f-glucan containing small amounts of pentosan, ash,
and protein, is highly viscous in aqueous solution, a char-
acteristic which gives it potential application as a thick-
ening agent in foods. As an industrial hydrocolloid, oat
gum compares favorably with other commercial gums such as
substituted celluloses, guar gum, and locust bean gum (Wood,
1986).

B-glucan is a water-soluble fiber which has been shown

to produce beneficial physiological effects when incorporat-
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ed in the human diet. Oat bran, which contains 70 to 80 g
kg! B-glucan, was found to significantly reduce serum cho-
lesterol levels of hypercholesterolemic patients (Anderson
and Chen, 1986). Gould et al. (1980) reported improved
glucose and insulin metabolism in nondiabetic and diabetic
patients with oat bran diets. A third health benefit asso-
ciated with oat bran is improved laxation due to fecal
bulking (Meyer and Calloway, 1977; Anderson, 1980).

Differences in f-glucan content between oat cultivars
have been documented, but few data are available on the
genetic and environmental effects on B-glucan content.
Moreover, the heritability of f-glucan content in oat has
not been reported. The two chapters of this dissertation
present the results of two studies designed to (1) determine
the effect of soil N level, location, and year on fB-glucan
content in five oat cultivars, and (2) estimate the herita-

bility of B-glucan in oat.



LITERATURE REVIEW

A substance similar to the nonstarchy polysaccharide
lichenin from the lichen Iceland moss was first isolated
from oat in 1942 (Morris, 1942). This unbranched polysac-
charide, now known as fS-glucan, is composed of mixed-linkage
(1»3)- and (1-4)-f-D-glucopyranosyl units. The presence of
B-(1-+3)- and B(1-+4)-glucosidic linkages was demonstrated by
Acker et al. (1955b) by methylation analysis. Peat et al.
(1957) found a ratio of B-(1-+3)- to B-(1-+4)- linkages of
1:3.2 by measurement of the consumption of periodate by oat
"lichenin".

Evaluation of the oligosaccharides produced by enzy-
matic treatment of f-glucan showed that the molecule is
mainly composed of two structural sequences: a tetrameric
unit in which single (1-3)-f-linkages are alternated with
two (1-+4)-f-linkages, and a pentameric unit in which one
(1-3)-Bf-linkage is alternated with three (1-+4)-f-linkages
(Parrish et al., 1960). Perlin and Suzuki (1962) demon-
strated that lichenin and cereal B-glucan differ slightly in
that a major proportion of the lichenin molecule consists of
the tetrameric unit, while the cereal glucans are primarily

composed of the pentameric unit. Evidence from enzyme stud-
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ies suggests that oat f-glucan has a higher proportion of
pentameric repeat units than barley f-glucan (Wood, 1986).

The presence of mixed-linkage (1-3), (1-4)-f-D-glucan
has been reported in various lichens, cereals, grasses, bam-
boo, and mung bean in both endospermic and nonendospermic
tissues (Table 1). With the exception of lichens and mung
bean, mixed-linkage B-glucans are thought to be restricted
to the Gramineae. Stinard and Nevins (1980) were unable to
detect f-glucan in ten nongrass monocot species.

B-glucan is associated with the cell wall in both en-
dospermic and nonendospermic plant tissues. At least a por-
tion of the total f-glucan in barley endosperm is bound co-
valently to the cell wall, possibly by linkages to protein
via serine, threonine, aspartic acid, or glutamic acid, or
by ferulic acid cross-linking (Ballance and Manners, 1978).

Although the specific function of f-glucan in plant
tissues is unknown, it has been suggested that it serves a
storage function (Meier and Reid, 1982; Mares and Stone,
1973; Buchala and Wilkie, 1970), as physical reinforcement
of the cell wall against cracking during dehydration and
dormancy (Mares and Stone, 1973), as a structural component
for binding together the microfibrillar phase of the wall
(Labavitch and Ray, 1978), or may be involved in cell elon-
gation (Masuda and Yamamoto, 1970; Huber and Nevins, 1979;
Sakurai and Masuda, 1979). Much evidence has been presented

to support the cell elongation hypothesis. Cell elongation
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Table 1. Plant tissues in which (1-3), (1-+4)-B-D-glucan has
been identified.
Source Tissue Reference
Arundinaria
japonica
A. anceps leaf and stem Wilkie and Woo, 1976

Avena sativa

Cetraria
islandica

Evernia
prunastri

Hordeum
vulgare

Hydrochloa

caryopsis

coleoptile

hull and root
leaf
stem

thallus

thallus

caryopsis

coleoptile
leaf
stem

caroliniana leaf and stem

Preece and MacKenzie, 1952;
Acker et al., 1955a; Peat et
al., 1957; Parrish et al.,
1960; Wood et al., 1977, 1978;
Anderson et al., 1978;
Prentice et al., 1980; Aman
and Hesselman, 1985; McCleary
and Glennie-Holmes, 1985;
Aman, 1987; Aman and Graham,
1987; Henry, 1987

Nevins et al., 1977; Yamamoto
and Nevins, 1978

Buchala and Wilkie, 1971
Fraser and Wilkie, 1971
Buchala and Wilkie, 1971

Fukuoka et al., 1968

Takeda et al., 1972

Fleming et al., 1974; Wood et
al., 1977; Anderson et al.,
1978; Prentice et al., 1980;
Martin and Bamforth, 1981;
Gill et al., 1982; Staudte et
al., 1983; Ahluwalia and
Ellis, 1984; Henry, 1984,
1987; Aman and Hesselman,
1985; McCleary and Glennie-
Holmes, 1985; Aman, 1986; Aman
and Graham, 1987
Nevins et al., 1978
Buchala and Wilkie,
Buchala and Wilkie,

1974

1970, 1974

Stinard and Nevins, 1980



Table 1 (cont'd).

Source Tissue Reference
Lithachne
paucifolia leaf and stem Stinard and Nevins, 1980
Lolium
multiflorum endosperm Smith and Stone, 1973; Burke
et al., 1974; Anderson and
L. perenne endosperm Stone, 1978
Oryza sativa caryopsis Anderson et al., 1978; Shibuya

Panicum
maximum

Phaseolus
aureus

Phragmites
australis

Saccharum
officinarum

Secale
cereale

Sorghum
bicolor

Streptochaeta
sodiroana

Triticosecale

leaf and stgm
hypocotyl
leaf and stem
leaf and stem
caryopsis
coleoptile
sten

caryopsis

mesocotyl

leaf and stem

caryopsis

and Misaki, 1978; McCleary and
Glennie-Holmes, 1985

Buchala, 1974

Buchala and Franz, 1974

Buchala, 1974

Stinard and Nevins, 1980

Anderson et al., 1978;
Prentice et al., 1980; an
and Hesselman, 1985; McCleary
and Glennie-Holmes, 1985;
Henry, 1987

Nevins et al., 1978

Buchala and Wilkie, 1970

Woolard et al., 1976; Prentice
et al., 1980
Nevins et al., 1978

Stinard and Nevins, 1980

Anderson et al., 1978;
Prentice et al., 1980; Aman
and Hesselman, 1985; McCleary
and Glennie-Holmes, 1985



Table 1 (cont'd).

Source Tissue Reference
Triticum
aestivum caryopsis Anderson et al., 1978; Bacic
and Stone, 1980; Prentice and
Stone, 1980; Aman and
Hesselman, 1985; McCleary and
Glennie-Holmes, 1985; Henry,
1987
coleoptile Nevins et al., 1978
leaf Buchala and Wilkie, 1973
stem Buchala and Wilkie, 1970, 1973
Usnea
rubescens thallus Nishikawa et al., 1974
Zea mays caryopsis McCleary and Glennie-Holmes,
1985
coleoptile Kivilaan et al., 1971; Nevins
et al., 1978; Kato and Nevins,
1986
stem Buchala and Meier, 1973
Zoysia
japonica leaf and stem Stinard and Nevins, 1980
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in oat coleoptile segments is induced by an exo-(1-3)-
B-D-glucanase isolated from Sclerotinia libertiana (Masuda
and Wada, 1967; Masuda et al., 1970), while the glucanase
inhibitor nojirimycin (5-amino-5-deoxy-D-glucopyranose) in-
hibits elongation (Nevins, 1975). Kivilaan et al. (1971)
observed autolytic solubilization of f-glucan in isolated
corn coleoptile cell walls, and concluded that cell wall
glucan is hydrolyzed by glucanase during extension growth.
A significant decrease in the f-glucan content of oat col-
eoptile cell walls is observed with auxin-induced cell
elongation (Loescher and Nevins, 1972, 1973). Nevins (1977)
suggests that auxin may alter B-glucan content by affecting
those factors which regulate the synthesis or degradation of
the polysaccharide.

Various techniques have been utilized for fB-glucan
analysis in cereal grains. Since a relationship exists be-
tween f-glucan content and viscosity of aqueous extracts,
this method has been used in breeding programs for malting
and feed barley (Greenberg and Whitmore, 1974; Bendelow,
1975; Aastrup, 1979). Quantitative methods of analysis in-
clude (1) acid hydrolysis followed by chromatography (Valent
et al., 1980) or gel filtration on Biogel P-2 (Nevins et
al., 1978; Yamamoto and Nevins, 1978; Stinard and Nevins,
1980), (2) periodate oxidation (Fleming and Manners, 1966;
Smith and Stone, 1973b), (3) methylation analysis (Kato et

al., 1981), (4) enzymatic hydrolysis (Prentice et al., 1980;
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Martin and Bamforth, 1981), and (5) adsorption of Calcofluor
to B-glucan followed by measurement of fluorescence intensi-
ty (Jensen and Aastrup, 1981; Jorgensen, 1983). Murphy
(1987) also cites the use of image analysis, ELISA, and NIR
in screening for f-glucan. Molecular and crystal structures
of B-glucans have been examined by X-ray diffraction tech-
niques (Marchessault and Deslandes, 1981) and !)C-NMR spec-
troscopy (Dais and Perlin, 1982).

Estimates of f-glucan content in commercial cereals
have been highly variable and may be affected by analytical
method and other factors (Wood, 1986). Wood et al. (197?)
observed that flour particle size, temperature, pH and ionic
strength of the extraction media affected f-glucan yields in
oat, and temperature was found to affect S-glucan extraction
efficiency in barley (Prentice et al., 1980). pB-glucan val-
ues reported for various cereals are shown in Table 2. It
may be seen from the available literature that the relative
order of magnitude of f-glucan content in the cereals is as
follows: barley>oat>rye>sorghum>wheat>triticale>corn>rice.
Barley and oat contain significantly greater levels of
mixed-linkage f-glucans than do other commercial cereals.

B-glucans are responsible for various technical and nu-
tritional properties that affect the utilization of barley
and oat in the brewing, feed, and food industries. A barley
B-glucan content of greater than 40 g kg! can decrease wort

filtration rate, induce haze formation in beer, and possibly
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Table 2. Reported f-glucan content of selected cereals.

Cereal B-glucan content Reference
_gkg‘l —_—
Barley 9.5-11.4 Fleming et al., 1974
16-74 Bendelow, 1975
16.6-17.1 Wood et al., 1978
45-82 Prentice et al., 1980
54.3-86.2 Martin and Bamforth, 1981
27-52 Gill et al., 1982
43-60 Ahluwalia and Ellis, 1984
34.4-56.8 Henry, 1984, 1986, 1987
37.5 Aman and Hesselman, 1985
38.0-48.1 McCleary and Glennie-
' Holmes, 1985
33-41 Aman, 1986
30-135 Aman and Graham, 1987a,
1987b
Corn 1.2 McCleary and Glennie-
Holmes, 1985
Oat 3.5-45.9 Wood et al., 1977, 1978
25.0 Anderson et al., 1978
48-66 Prentice et al., 1980
30.0 an and Hesselman, 1985
27-54 McCleary and Glennie-
Holmes, 1985
27-36 Aman, 1987
22-42 Aman and Graham, 1987a,
1987b
39.0 Henry, 1987
31-55 McCleary et al., 1988
32-63 Welch and Lloyd, 1989
48.8-62.4 Peterson, 1991
36-56 Welch et al., 1991
39.1-68.2 Wood et al., 1991
Rice 1.3 Anderson et al., 1978
0.4 McCleary and Glennie-
Holmes, 1985
Rye 19.3 Anderson et al., 1978
19-29 Prentice et al., 1980
13.0 an and Hesselman, 1985
14-21 McCleary and Glennie-
Holmes, 1985
25.0 Henry, 1987
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Table 2 (cont'd).

Cereal B-glucan content Reference
— g kg' —
Sorghum 10.0 Prentice et al., 1980
Triticale 3.4 Anderson et al., 1978
12.0 Prentice et al., 1980
5.3 Aman and Hesselman, 1985
4.2-5.8 McCleary and Glennie-

Holmes, 1985
Wheat 4 Anderson et al., 1978
0 Prentice et al., 1980
4 Aman and Hesselman, 1985
6.8 McCleary and Glennie-
Holmes, 1985
.0 Henry, 1987

reduce extraction efficiency (McCleary and Glennie-Holmes,
1985). Barley and oat-based feeds may decrease food in-
take, growth rate, and feed conversion efficiency in chick-
ens (Aman and Graham, 1987b). The addition of B-glucanase
to these feeds has been shown to overcome the antinutri-
tional effect of f-glucan (Broz and Frigg, 1986; Elwinger
and Saterby, 1987).

Oat gum, composed primarily of B-glucan, exhibits high
viscosity at low concentration, high pseudoplasticity at
concentrations of 5 g kg! and greater, and stability to
sugar and salt. These characteristics are desirable for
industrial hydrocolloid applications, and in fact oat gum
compares favorably with other high-viscosity neutral poly-

saccharides such as some substituted celluloses, guar gum,
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and locust bean gum (Wood, 1986). Potential uses include
ice cream, sauces, and salad dressings.

Oat f-glucan has been shown to produce beneficial phys-
iological effects when incorporated in the human diet.
Hypocholesterolemic properties of oat products have been
well documented. DeGroot et al. (1963) reported an average
reduction of 11% in plasma total cholesterol levels with
daily consumption of 140 g rolled oats over a three week
period. More recent studies have shown average cholesterol
reductions of 36% with a coarse oat fraction (Gould et al.,
1980), 13% with oat bran (Kirby et al., 1981), 8% with
rolled oats (Judd and Truswell, 1981), 10 to 17% with oat
bran (Demark-Wahnefried et al., 1990), and 10.1 to 15.9%
with different dosages of oatmeal and oat bran (Davidson et
al., 1991). An additional benefit associated with oat
products is that they appear to selectively decrease detri-
mental low density lipoprotein cholesterol while leaving
unchanged or increasing levels of beneficial high density
lipoprotein ‘(Mathur et al., 1968; Anderson, 1980; Judd and
Truswell, 1981; Kirby et al., 1981).

Fiber supplementation in the diet has been associated
with decreased post-meal hyperglycemia (Jenkins et al.,
1977) and proper regulation of bowel function (Kelsay,
1981). The water-soluble f-glucan of oat has been shown to
affect the postprandial glucose response in humans (Hansen

et al., 1987), and Gould et al. (1980) reported improved
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glucose and insulin metabolism in nondiabetic and diabetic
patients with oat bran diets. Oat fiber is associated with
improved laxation due to fecal bulking, decrease in fecal
transit time, and increase in fecal weight (Meyer and
Calloway, 1977; Anderson, 1980; Judd and Truswell, 1981).

It should be noted that the (1-3), (1-4)-B-glucan of the
lichens Cetraria islandica, Evernia prunastri, and Usnea
rubescens has been shown to possess highly effective host-
mediated antitumour activities against sarcoma 180 in mice
(Fukuoka et al., 1968; Takeda et al., 1972; Nishikawa et
al., 1974).

Genotypic differences for f-glucan content have been
well documented in barley (Sparrow and Meredith, 1969;
Bourne and Pierce, 1970; Bendelow, 1975; Wood et al., 1978;
Aastrup, 1979b; Prentice et al., 1980; Martin and Bamforth,
1981; Morgan and Riggs, 1981; Gill et al., 1982; Ahluwalia
and Ellis, 1984; Henry, 1984, 1986; McCleary and Glennie-
Holmes, 1985; Aman, 1986; Aman and Graham, 1987a, 1987b) and
in oat (Wood et al., 1977, 1978; Prentice et al., 1980;
McCleary and Glennie-Holmes, 1985; Aman, 1987; Aman and
Graham, 1987a, 1987b; McCleary et al., 1988; Peterson, 1991;
Welch et al., 1991; Wood et al., 1991). Few data are avail-
able, however, concerning the effect of environment on fS-
glucan content in these cereals. Differences in f-glucan
content due to location have been observed in barley (Bourne

and Pierce, 1972; Bendelow, 1975; Smart, 1976; Molina-Cano
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and Conde, 1982; Aman, 1986; Lehtonen and Aikasalo, 1987;
Aman et al., 1989), and in oat (Peterson, 1991). Bendelow
(1975) and Greenberg (1977) have reported significant geno-
type x location interactions for f-glucan content in barley;
other workers have found this interaction to be nonsignifi-
cant (Bourne and Pierce, 1972; Gill et al., 1982; Henry,
1986). Peterson (1991) observed a significant genotype x
location interaction for f-glucan content in oat.

Soil N level may have an influence on grain f-glucan
concentration. Wood et al. (1977) reported a low f-glucan
content of 3.5 g kg! in Hinoat grown with zero applied N
compared with levels of 26.9 and 27.7 g kg! with normal
fertilization. In a controlled greenhouse experiment with
six oat cultivars, Welch et al. (1991) observed significant
increases in f-glucan content for the high versus low N
fertility treatment. Field studies to determine the effect
of N fertilization on oat f-glucan concentration have not
been reported.

It appears that f-glucan content in barley may be
related to water availability during the growing season.
Morgan and Riggs (1981) found increased viscosity of barley
extracts as a result of drought stress. Bendelow (1975)
observed f-glucan differences among three locations in
Canada, and concluded that there appears to be an inverse
relationship between f-glucan content and moisture level of

the growth environment. In independent growth chamber ex-
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periments, Aastrup (1979a) and Coles (1979) found a decrease
in the total B-glucan content of barley grains with overhead
watering as opposed to the same amount of water delivered to
the roots. Aastrup also noted that barley samples with the
lowest extract viscosities and presumably lower fB-glucan
levels come from areas in Denmark with the highest mean tem-
perature, precipitation, and relative humidity. Possible
mechanisms for the observed effect of decreased f-glucan as
a result of rain include (1) degradation of B-glucans, (2)
reduced synthesis of f-glucans, (3) modification of the
B-glucans to yield polymers inaccessible to the f-glucanase
used for the f-glucan determinations, and (4) leaching of
the glucose, a precurser of f-glucans, from the flag leaf
and awns (Aastrup, 1979a).

A diallel cross analysis of gum content in barley
showed that gum content was controlled by two to three genes
in a simple additive-dominance genetic system and that low
gum content was strongly dominant (Greenberg, 1977). Gum
content was found to be highly heritable in barley, suggest-
ing that it should not be difficult to develop low gum cul-
tivars. Lance (1984) reported that most of the variability
for f-glucan content in segregating barley populations was
due to additive effects, and estimated a narrow sense heri-
tability value of 0.73 based on parent-offspring regression
of F, means on parental F; means. Similar genetic studies

have not been reported for oat.
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CHAPTER ONE

OAT GRAIN B-GLUCAN CONTENT AND OTHER TRAITS AS
AFFECTED BY NITROGEN LEVEL, LOCATION, AND YEAR.

ABSTRACT

B-glucan is a hypocholesterolemic water-soluble fiber
component of oat (Avena sativa L.) grain. Despite benefi-
cial physiological effects associated with f-glucan, few
data are available on the effects of environment on S-glucan
content. An experiment was designed to examine the effect
of N fertilizer on oat f-glucan concentration and other
traits. Plantings were made at East Lansing and Caro,
Michigan, in 1987, 1988, and 1989. The experimental design
was a split plot with three replications. Whole plots
consisted of each of three N levels (0, 37, and 74 kg ha'),
and subplots consisted of five oat varieties. Oat cultivars
used were Heritage, Korwood, Ogle, Pacer, and Porter. Data
were collected and analyses of variance conducted for test
weight, hull percentage, grain yield, groat weight, groat
protein content, groat f-glucan content, and f-glucan yield.
Increased levels of applied N tended to reduce test weight

and hull percentage, while increasing grain yield, groat
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protein content, groat B-glucan content, and f-glucan yield.
N application had no effect on groat weight. Differences
between locations were observed for test weight, hull per-
centage, grain yield, groat weight, protein content, and
B-glucan yield. Groat f-glucan concentration did not differ
significantly between locations. Considerable climatic
variability among years affected crop response. Test
weight, hull percentage, groat weight, and grain yield were
highest in 1987. 1In 1988, groat protein concentration was
highest, however, lowest mean values were observed for test
weight, hull percentage, grain yield, groat weight, groat
f-glucan concentration, and f-glucan yield. Grain yield,
B-glucan concentration, and B-glucan yield were high in
1989, while test weight, hull percentage, and protein con-
tent were low. No significant differences in mean f-glucan
concentration were found among cultivars used in the study.
Pacer had the highest mean test weight, Porter the highest
groat weight and protein content, and Ogle the highest grain
yield and B-glucan yield, and lowest hull percentage.
Correlations between f-glucan content and test weight, hull
percentage, grain yield, or groat weight were mostly small
or nonsignificant. Correlations between groat protein and
groat B-glucan were significant, relatively large and posi-

tive in 1987 and 1989, but were nonsignificant in 1988.



INTRODUCTION

Mixed-linkage (1-3),(1-4)-f-D-glucan (f-glucan) is a
nonstarchy, water-soluble polysaccharide found in root,
coleoptile, leaf, stem, and endosperm tissues of the
Gramineae (Wilkie, 1979; Stinard and Nevins, 1980; Wood,
1986) . Commercial cereals with particularly high f-glucan
concentration (=30 to 60 g kg') include oat and barley
(Hordeum vulgare L.). Numerous studies have documented the
cholesterol-lowering effects of f-glucan and other water-
soluble fibers in both experimental animals (Kahlon et al.,
1990; Ranhotra et al., 1990; Shinnick et al., 1990) and in
humans (DeGroot et al., 1963; Kirby et al., 1981; Anderson
and Chen, 1986; Kestin et al., 1990; Davidson et al., 1991).
Oat products are an especially good source of water-soluble
dietary fiber due to their high f—glucan content, palatabil-
ity and relatively low cost.

Genetic enhancement of f-glucan concentration has been
identified as an important breeding objective to improve oat
quality (Murphy, 1987). In order to effectively increase
the B-glucan content of commercial oat cultivars, an under-
standing of the influence of genetic and environmental

factors on grain f-glucan content is essential. Differences
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in B-glucan content among oat varieties have been reported
(Peterson, 1991; Welch et al., 1991; Wood et al., 1991).
Aman and Graham (1987) found a range in B-glucan content of
22 to 42 g kg! in a survey of 42 oat cultivars, and Welch
and Lloyd (1989) reported values of 32 to 63 g kg' f-glucan
for 100 diverse oat genotypes.

Environmental effects and genotype X environment inter-
action on oat fB-glucan content are less well understood.
Numerous reports have documented differences in barley
B-glucan content among locations (Bendelow, 1975; Molina-
Cano and Conde, 1982; Henry, 1985; Aman, 1986; Lehtonen and
Aikasalo, 1987; Aman et al., 1989) and years (Bourne and
Pierce, 1970; Bourne and Wheeler, 1984). Peterson (1991)
found significant differences for f-glucan content among
twelve oat genotypes and nine locations. The genotype x
location interaction was also significant. The effect of
year to year variation on fS-glucan concentration in oat is
not known.

One environmental factor which may influence grain
B-glucan content and other traits in oat is soil N. Elevat-
ed soil N levels have resulted in increased grain yield,
plant height, straw yield, number of seeds per panicle,
number of panicles per plant, lodging score, and groat pro-
tein content. Moreover, high soil N has led to decreases in
kernel weight and harvest index (Frey, 1959; Portch et al.,
1968; Ohm, 1976; Youngs and Gilchrist, 1976; Brinkman and
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Rho, 1984). Wood et al. (1977) reported the extremely low
B-glucan value of 3.5 g kg! for Hinoat grown with no applied
N. In a controlled greenhouse experiment with six oat
cultivars, Welch et al. (1991) observed significant increas-
es in B-glucan content for the high versus low N fertility
treatment. Field studies to determine the effect of N
fertilization on oat f-glucan concentration have not been
reported.

This study was designed to examine the effects of
applied N fertilizer, location, and year on grain f-glucan

content in five oat cultivars.



MATERIALS AND METHODS

The experiment was conducted at two Michigan locations
in 1987, 1988, and 1989. The soil at East Lansing (42° N)
is a Capac loam (fine-loamy, mixed, mesic Aeric
Ochraqualfs), and the other site, near Caro (43° N), has a
Tappan-Londo loam (Tappan: fine-loamy, mixed [calcareous],
mesic Typic Haplaquolls; Londo: fine-loamy, mixed, mesic
Aeric Glossaqualfs). Soil characteristics are presented in
Table 1. There was considerable climatological variability
between the two sites and among years the study was conduct-
ed (Tables 2 and 3).

The experimental design utilized was a split-plot with
three replications. Whole plots consisted of each of three
N levels (0, 37, and 74 kg ha’! N) in a randomized block
design, and five oat varieties were assigned to subplots.
Oat cultivars used in the study were Heritage, Korwood,
Ogle, Pacer, and Porter. Subplots consisted of five 4 m
rows with 25 cm row spacing.

Maintenance fertilizer applications of 64 kg ha'! N,

28 kg ha'! P, and 53 kg ha'! K were incorporated prior to
planting at each site. Planting dates are listed in Table

4. Nitrogen treatments were applied to whole plots by
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Table 1. Description of soil characteristics at East Lansing

and Caro.
Location PH OMt CECt P K Ca Mg
g kg! cmol kg! kg ha’
East Lansing 6.2 26 9.8 164 273 1886 349
Caro 7.9 29 17.2 179 358 5197 747

t Organic matter.
{ cation exchange capacity.

Table 2. Temperature mean and range (in parenthesis) for the
growing season at East Lansing and Caro, 1987 to 1989.

Year Location April May June July
°cC
1987 East Lansing 9(-7/28) 16(-1/32) 21(4/36) 23(6/36)
Caro 10(-7/28) 17(-2/34) 22(2/36) 24(4/37)
1988 East Lansing 8(-3/27) 16(2/32) 20(2/37) 24(5/38)
Caro 8(-5/26) 15(-1/33) 20(1/37) 24(5/38)
1989 East Lansing 6(-9/23) 13(-3/29) 19(6/33) 22(10/32)
Caro 7(-8/22) 14(-1/30) 19(4/32) 22(6/34)

Table 3. Precipitation for the growing season at East

Lansing and Caro, 1987 to 1989.

Year Location April May June July Total
mm

1987 East Lansing 42 30 63 62 197
Caro 65 25 87 25 202

1988 East Lansing 102 16 4 61 183
Caro 74 18 26 74 192

1989 East Lansing 49 125 85 46 305
Caro 58 128 97 15 298




33

Table 4. Planting and harvest dates at East Lansing and
Caro for 1987 to 1989.

Planting date Harvest date
Year East Lansing Caro East Lansing Caro
1987 20 April 6 April 23 July 17 July
1988 12 April 22 April 22 July 27 July
1989 1 May 20 April 28 July 31 July

broadcasting urea approximately 3 wk after planting, or when
plants were about 15 cm tall.

Grain was harvested at maturity (Table 4) with a plot
combine. After air-drying in the greenhouse, samples were
weighed, cleaned, and test weight was determined. Seed was
dehulled in an impact type dehuller, and groat weight calcu-
lated as the mean of a random sample of 500 groats.

Groat samples were ground in a Cyclone Sample Mill
(U.D. Corp., Boulder, CO) fitted with a 0.5 mm screen.

Flour samples were stored in air-tight containers at =-20°C
until used. Groat protein content was calculated as
Kjeldahl N x 62.5. f-glucan concentration was determined by
the enzymatic method described by McCleary and Glennie-
Holmes (1985), using the Biocon f-glucan kit (Quest-Biocon,
Sarasota, FL). Total B-glucan yield was calculated as the
product of groat f-glucan concentration and total groat

yield. Groat flour moisture content was determined by oven
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drying samples at 80°C for 24 hr. Results are reported on a
dry Qeight basis.

Analyses of variance were conducted for individual
sites, and combined across locations (Table 5) and years
(Table 6). Locations and years were considered random,
while N level and cultivar were considered fixed.

Bartlett's test for homogeneity of variances (Steel and
Torrie, 1980) indicated that error variances were heteroge-
neous in the analyses combined across years for hull per-
centage, test weight, groat B-glucan concentration, and
B-glucan yield. Variance homogeneity was achieved for groat
B-glucan concentration and B-glucan yield by log transforma-
tion of the data. Combined analyses of variance and separa-
tion of means for these variables were performed on trans-
formed data. All reported means were converted back to the
original scale after statistical analysis. Analyses of
variance combined across years were not conducted for hull
percentage and test weight due to error variance heterogene-
ity. Differences among means were evaluated using Duncan's
new multiple range test. Simple correlations were calculat-
ed between groat f-glucan content and yield and other grain

characteristics.
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Table 5. Source, deqrees of freedom, and expected mean
squares for the analysis of variance combined across

locations.

Source DF

Expected mean squares

Locations (L) 1l-1

Rep (L) 1(r-1)

N levels n-1

NXL (n-1) (1-1)
Error a 1(n-1) (r-1)
Cultivars (C) c-1

CxL (c-1) (1-1)

CxN (c-1) (n-1)
NxXCXL (n-1) (c-1) (1-1)
Error b nl(r-1) (c-1)

82,

8%,

+ + + + + + + o+ o+

cé? + ncé%y, + rncéy
cé?, + ncéiy,

cé? + rcéyy + rclb,
cé?, + rcéy

cé?,

rné’y + rnlé’%.

rné’y

réi o + rlé’y

réa
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RESULTS AND DISCUSSION
Test Weight

According to the analyses of variance combined across
locations, N level had a significant effect on test weight
in 1987 and 1989, but not in 1988 (Table 7). Test weight
means decreased with increasing N in 1989 (Figure 1), proba-
bly due to dry conditions at grain filling. Reductions in
test weight at increased levels of soil N has been observed
by other workers in oat (Ohm, 1976) and in wheat (Johnson et
al., 1973). Test weights were high in 1987 (Table 8).

Lower test weights observed in 1988 and 1989 may have been
caused by drought in 1988, and possibly by increased late

tillering resulting in poorly filled kernels at harvest in
1989.

Test weights tended to be higher at Caro than East
Lansing for all three years (Table 8), however differences
between the two locations were significant only in 1989
(Table 7). This finding may be due in part to the higher
soil fertility at Caro. The cultivar x location interaction
was significant for all three years (Table 7). Pacer tended
to have the highest mean test weight across locations and
years, followed by Porter, Korwood, Heritage, and Ogle

(Table 8).
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Hull Percentage

Hull percentage differences among N levels were signif-
icant only in 1989 (Table 7). A reduction in hull percent-
age at higher soil N levels (Figure 1) may have resulted
from a decrease in synthesis of hull macromolecule compo-
nents (i.e., cellulose and lignin) with a concomitant in-
crease in groat components, especially protein, as N became
more available. The reason for lack of response to soil N
in 1987 is unknown, however, lack of response in 1988 is
probably due to severe water deficits. The cultivar x N
interaction was significant in 1987 and 1989 (Table 7).
Differences in hull percentage among cultivars were highly
significant in 1987, but not in 1988 or 1989 because of high
significant cultivar x location interactions (Table 7).
Ogle tended to have the lowest hull percentage followed by
Korwood, Pacer, Heritage, and Porter (Table 9). Mean hull
percentage was greater at Caro than at East Lansing for all
years (Table 9), however, the difference was significant

only in 1987 (Table 7).

Grain Yield
The effect of year on grain yield was highly signifi-
cant in the analysis of variance combined across locations
and years (Table 10). Yields were highest when rainfall was
adequate, in 1987 and 1989, and were extremely low in the

droughty 1988 growing season (Table 11). The year X
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location interaction was also significant.

The effect of N level on grain yield was not signifi-
cant in the analysis of variance combined across locations
and years due to the high N x year interaction (Table 10).
The overall yield response to increased N is presented in
Figure 2. Yields tended to increase from 0 to 37 kg ha’
applied N, but decreased at the 74 kg ha! N treatment. This
reduction was probably due mostly to increased lodging at
the highest level of N, but reduced grain yields have been
observed with high N levels even in the absence of lodging
(Brinkman and Rho, 1984).

Yield differences among cultivars were not significant
in the combined analysis of variance due to high cultivar x
year and cultivar x location interactions (Table 10). Dif-
ferences among cultivars in the individual analyses of
variance were significant for all environments except Caro
in 1987 and 1988 (Table 11). Ogle had the highest overall
yield, followed by Porter, Heritage, Pacer, and Korwood

(Table 11).

Groat Weight
There was a tendency for groat weight to decrease
slightly as N level increased (Figure 2), but this reduction
was not significant (Table 10). Frey (1959) and Ohm (1976)
reported small but nonsignificant decreases in seed weight

with increased soil N. Brinkman and Rho (1984) also
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observed small reductions in seed weight with increased soil
N, but did not report statistical significance.

The effect of years on mean groat weight was highly
significant (Table 10), with highest groat weights in 1987,
when adequate moisture was available throughout the growing
season (Table 12). Groat weights were lower in 1989 than in
1987, probably due to dry conditions at grain filling, and
lowest in the droughty 1988 growing season. Differences
between locations were significant in 1987 and 1988, and the
year X location interaction was also significant. Mean
groat weight was higher at East Lansing in 1987, and higher
at Caro in 1988 (Table 12). Cultivar x year, cultivar x
year X location, and N x cultivar x year interactions were
all significant (Table 10). Porter had the highest mean
groat weight, followed by Ogle, Heritage, Pacer, and Korwood

(Table 12).

Groat Protein Content
The effect of years on groat protein content was highly

significant (Table 10). Groat protein content appeared to
be related to water availability. Protein levels were
highest in 1988, the growing season in which severe water
deficits occurred. Lowest protein contents were found in
1989, the year of greatest rainfall, and intermediate pro-
tein levels were observed in 1987, a growing season with

moderate precipitation.
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Nitrogen level was significant in the analysis of
variance combined across locations and years (Table 10).
Groat protein concentration increased at higher soil N
levels (Figure 2). Similar increases in grain protein
content with applied N have been reported for oat (Ohm,
1976; Youngs and Gilchrist, 1976), wheat (Hucklesby et al.,
1971; MacLeod and MacLeod, 1975) and barley (Atkins et al.,
1955; Gately, 1968; Pomeranz et al., 1976). The effect of
location was significant only in 1989, with higher groat
protein levels at Caro (Table 13). Differences in protein
content among cultivars were significant for all environ-
ments (Table 13). Porter had the highest protein concentra-
tion across locations and years, followed by Pacer,
Heritage, Korwood, and Ogle. Cultivar X year and cultivar x

location interactions were significant (Table 10).

Groat fB-Glucan Content

The effect of year on groat f-glucan concentration was
highly significant (Table 10). Mean f-glucan content in
1989 was 14% higher than in 1987, and 31% higher than in
1988 (Table 14). Low f-glucan values in 1988 may have been
related to high precipitation during the grain filling and
ripening periods. Severe water deficits occurred early in
the 1988 growing season, limiting vegetative development and

stimulating early heading. Subsequently, both East Lansing
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and Caro received =46 mm rainfall in the 16 d period prior
to harvest. Considerably less preharvest precipitation oc-
curred in 1987 and 1989 (data not shown). Several workers
have speculated that drought conditions may be related to
increased B-glucan concentration in barley (Bendelow, 1975;
Bourne and Wheeler, 1984; &man and Graham, 1987) and oat
(Welch et al., 1991). In separate reports, Aastrup (1979)
and Coles (1979) both reported that overhead watering of
barley plants resulted in lower grain B-glucan levels than
if the same amount of water was delivered to the roots.
Peterson (1991) observed a significantly higher mean
B-glucan concentration for oat cultivars grown under dryland
vs. irrigated conditions at two locations in Idaho.

In this study, drought occurred during vegetative and
early reproductive growth periods in 1988, however, rainfall
was high during grain ripening. Precipitation during the
grain ripening period may have contributed to the low ob-
served groat f-glucan contents in 1988. Several possible
mechanisms by which f-glucan levels may be reduced as a
result of rain were suggested by Aastrup (1979), and include
(1) degradation of B-glucan, (2) reduced synthesis of f-
glucan, (3) modification of the fB-glucan to yield polymers
inaccessible to the f-glucanase used for the f-glucan deter-
minations, and (4) leaching of the glucose, a precurser of
f-glucan, from the flag leaf and awns. More highly con-

trolled studies need to be carried out to determine the
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effect of amount and timing of precipitation on f-glucan
content in oat grain. If preharvest rainfall proves to be a
significant factor in reducing groat f-glucan concentration,
then oat crops grown specifically for f-glucan content might
be more successful in regions which experience consistently
low preharvest precipitation. If the physiological basis
for reduced f-glucan with rainfall can be determined, it may
be possible to identify oat genotypes which are less affect-
ed by this factor.

Differences in groat f-glucan concentration between
locations were not significant (Table 10).

Groat fB-glucan content increased at higher levels of
applied N (Figure 2), however, N level was not significant
in the analysis of variance across locations and years due
to high N x year and N x location interactions (Table 10).
Elevated groat f-glucan levels with increased N fertilizer
could possibly be related to an increase in relative thick-
ness of endosperm cell walls, or to a larger ratio of endo-
sperm cell wall to cell content. In 1987 and 1988, groat
f-glucan content increased significantly as applied N in-
creased from 0 to 74 kg ha!, but differences were not sig-
nificant in 1989 (Figure 3a). Figure 3b illustrates the N x
location interaction. At East Lansing, groat f-glucan
content at the 74 kg ha! N treatment was significantly
higher than at the 0 and 37 kg ha'! N levels, which were not

significantly different. At Caro, on the other hand, the
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groat f-glucan level at the 0 kg ha! N treatment was sig-
nificantly lower than the other two N levels, which were not
significantly different.

There were few differences in f-glucan content among
the five cultivars used in this study (Table 14). Groat
B-glucan levels were significantly lower for Pacer and
Heritage in the 1988 East Lansing environment, and for
Porter and Ogle in the 1989 Caro environment. Cultivar x
year and cultivar x location interactions were significant
(Table 10). Other workers have reported genotype X environ-
ment interactions for B-glucan content in oat (Peterson,

1991) and barley (Bendelow, 1975; Greenberg, 1977).

B-Glucan Yield

B-glucan yield is a function of total groat ;ield and
groat f-glucan concentration. Since there was little varia-
tion for B-glucan content in the cultivars used in this
study, f-glucan yield among cultivars was dependent primari-
ly on groat yield. Takeda and Frey (1979) reported a simi-
lar relationship for groat protein. They found grain yield
to be the primary determinant of protein yield. Protein
percentage was negatively associated with grain yield and
had little effect on total protein yield. Ogle had the

highest mean f-glucan yield, followed by Pacer, Porter,

Korwood, and Heritage (Table 15).
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Significant differences for B-glucan yield were ob-
served among years (Table 10). Highest f-glucan yields were
achieved in the cool, moist 1989 growing season (Table 15).
Mean 1989 f-glucan yield was 13% greater than in 1987, and
71% greater than in 1988.

B-glucan yield tended to increase from 0 to 74 kg ha
applied N in all cultivars except Porter (Figure 2), however
differences among N levels were significant only in 1987.
Nitrogen level was not significant in the analysis of vari-
ance combined across locations and years (Table 10). The N
x year and cultivar x year x location interactions were
significant (Table 10). The N x year interaction is illus-

trated in Figure 4.

Correlations

Consistent and high correlations between traits is
desirable in breeding because it may permit indirect selec-
tion for a characteristic for which quantification is diffi-
cult, time consuming, or costly, such as grain f-glucan con-
tent. Correlation coefficients between groat f-glucan
concentration and other characteristics are presented in
Table 16. Groat fB-glucan content was not associated with
test weight of hull percentage at any of the environments
studied. Grain yield had a low positive correlation with 8-
glucan concentration at two environments, and a low negative

correlation at another. Low negative correlations between
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Figure 4. N x year interaction for fB-glucan yield.
Means at each year are separated by Duncan's
new multiple range test at P = 0.05.
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groat weight and f-glucan content were detected at East
Lansing in 1988 and Caro in 1989. This may have occurred
because small groats could have a higher ratio of cell wall
to cell content than larger groats, and f-glucan is the
primary component of endosperm cell walls. Higher correla-
tions were found between f-glucan concentration and groat
protein content than any other trait examined. Correlations
of 0.72*%** and 0.35* were observed for East Lansing and
Caro, respectively, in 1987. 1In 1989, correlations between
B-glucan and protein were 0.30* and 0.57*** for East Lansing
and Caro, respectively. Correlations between groat protein
and f-glucan concentration were not significant in 1988.

Aman (1987) found no significant correlations between
B-glucan content and arabinoxylans, cellulose, Klason lig-
nin, crude fiber, or thousand kernel weight in 121 oat
samples. Welch and Lloyd (1989) reported nonsignificant
correlations between f-glucan concentration and mean kernel
weight or percent protein, and a significant but low nega-
tive correlation between f-glucan content and kernel oil in
oat. Peterson (1991) observed no correlation between groat
B-glucan content and 100 groat weight. 1In barley, Henry
(1985,1986) found correlations between f-glucan and arabi-
nose, xylose, or glucose to be nonsignificant, while signif-
icant but small positive correlations between f-glucan and

grain N and grain hardness were observed.
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Selection for high protein would be expected to be
somewhat effective in selecting indirectly for high f-glucan
concentration in oat, but not in every environment, e.g., in
1988 correlations between f-glucan and protein were small
and nonsignificant (Table 16). High rainfall during grain
ripening may reduce groat f-glucan content. A similar
decrease in protein level would probably not occur since
kernel dry matter, including protein, is largely deposited
before the majority of S-glucan is synthesized in endosperm
cell walls (&man et al., 1989). Small or nonsignificant
correlations between f-glucan content and grain yield, test
weight, hull percentage, or groat weight suggest that none
of these other traits would be useful for indirect selection
of groat f-glucan. Indirect selection for high f-glucan
concentration could be facilitated if morphological, iso-
zyme, RFLP, or RAPD markers linked to genes controlling
f-glucan content could be identified. On the other hand,
lack of significant phenotypic correlations between groat
B-glucan concentration and the other measured characteris-
tics should allow selection for high f-glucan without af-
fecting the other traits.



SUMMARY AND CONCLUSIONS

The effects of N level, location, and year on grain
B-glucan content and other traits were examined in five oat
cultivars. Considerable climatic variation occurred among
years the study was conducted; this variability was an
important factor affecting crop performance and grain
quality.

Adequate moisture and moderate temperatures contributed
to good crop performance in 1987. Test weight, hull per-
centage, groat weight, and grain yield were highest in 1987.
Severe water deficits and warm temperatures occurred in the
1988 growing season, which limited vegetative growth and
tillering and caused early heading. Drought was followed by
high rainfall during grain filling and ripening. In 1988,
groat protein concentration was highest, however lowest mean
values for test weight, hull percentage, grain yield, groat
weight, groat f-glucan concentration, and f-glucan yield
were observed in this growing season. The 1989 growing
season, generally cool and moist, was conducive to vegeta-
tive growth and tillering. Conditions were relatively dry

during grain filling and ripening. Grain yield, B-glucan
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concentration, and f-glucan yield were high in 1989, but
test weight, hull percentage, and protein content were low.

Differences between locations were observed for test
weight, hull percentage, grain yield, groat weight, protein
content, and f-glucan yield. These differences were proba-
bly caused by climatic and edaphic variation between the
East Lansing and Caro sites. Groat f-glucan concentrations
were not significantly different between locations. Precip-
itation is probably the most important climatic variable
affecting f-glucan content. Edaphic factors, with the
exception of soil N, do not appear to significantly influ-
ence groat B-glucan concentration.

Increased levels of applied N tended to reduce test
weight and hull percentage, while increasing grain yield,
groat protein content, groat f-glucan content, and f-glucan
yield. Nitrogen application had no significant effect on
groat weight, although there was a tendency for groat weight
to decrease slightly as N level increased. No significant
differences in mean fB-glucan concentration were found among
the five oat cultivars used in the study. Pacer had the
highest mean test weight, Porter the highest groat weight
and protein content, and Ogle the highest grain yield and
f-glucan yield, and lowest hull percentage.

Correlations between groat B-glucan content and grain
yield were small and positive at two environments, and small

and negative at another environment. No significant corre-
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lations were found between B-glucan concentration and test
weight or hull percentage. Groat weight had small negative
correlations with groat B-glucan at two environments. Groat
protein content had relatively large positive correlations
with groat B-glucan concentration in 1987 and 1989, but
correlations were nonsignificant in 1988. With the possible
exception of groat protein content, none of the traits
examined would be useful for indirect selection of high
B-glucan content. On the other hand, selection for in-
creased groat B-glucan should be possible without affecting
the other characteristics.

Grain yield was more important than groat B-glucan
concentration in determining f-glucan yield of the five oat
cultivars examined. Based on the results of this study, it
appears that the best strategy to increase total f-glucan
yield of current commercial oat cultivars is to maximize
total grain yield. Significant increases in total f-glucan
yields via genetic enhancement of groat f-glucan concentra-
tion are likely to occur only if newly developed cultivars
are also high-yielding. High groat f-glucan concentration
is, however, an important quality component of oat grain
that is produced for direct human consumption. Through
breeding and the application of appropriate agronomic man-
agement practices, the desired goal of oat grain with in-
creased f-glucan levels for food products should be attain-

able.
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CHAPTER TWO

HERITABILITY OF S-GLUCAN CONTENT IN OAT
ABSTRACT

B-glucan is a water-soluble fiber component of oat
(Avena sativa L.) grain which has hypocholesterolemic prop-
erties. Despite beneficial physiological effects associated
with oat f-glucan, heritability of this trait has not been
investigated. An experiment was conducted to estimate broad
sense heritability of f-glucan content in oat. Two differ-
ent S,-derived populations with nested family structure were
developed from crosses between low and high f-glucan oat
cultivars. Each population was planted separately in the
field using a randomized complete block design with two
replications. Population 1 resulted from the cross Garry x
Hazel, and population 2 from the cross Garry x Marion.

Garry is a low f-glucan cultivar, while Hazel and Marion
have high groat B-glucan contents. A single plant was har-
vested from each plot at maturity and f-glucan content was
determined. Variance components and heritabilities were
calculated for each cross. Absence of discrete classes and

normal frequency distributions of S;-derived lines suggest
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polygenic inheritance of groat f-glucan content. Population
2 had a high proportion of positive transgressive segre-
gants, indicating that Marion appears to be a good source of
genes for high f-glucan content. Broad sense heritabilities
of 0.41 and 0.54 were observed for populations 1 and 2,
respectively. Heritabilities of this magnitude are suffi-

cient to expect genetic gain from selection.



INTRODUCTION

Heritability estimﬁtes are an important source of
information for the plant breeder. An understanding of the
magnitude of heritability of a trait facilitates determina-
tion of appropriate breeding and selection procedures, and
helps predict the relative ease or difficulty of genetic
improvement for that character (Hanson, 1963).

Mixed-linkage (1-3), (1-4)-f-D-glucan (f-glucan), a non-
starchy, water-soluble polysaccharide, is an important
quality component of oat grain. Numerous workers have
demonstrated a hypocholesterolemic response when f-glucan or
other water-soluble fibers are consumed by experimental
animals (Kahlon et al., 1990; Ranhotra et al., 1990;
Shinnick et al., 1990) or humans (DeGroot et al., 1963;
Kirby et al., 1981; Anderson and Chen, 1986; Kestin et al.,
1990; Davidson et al., 1991). Murphy (1987) cites the
genetic enhancement of f-glucan content in oat as an impor-
tant breeding objective to improve quality. Despite the
signific#nce of this trait, information concerning the
heritability of f-glucan concentration in oat has not been
reported.

Published heritability values for other biochemical
quality traits in oat have exhibited a wide range of values
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(Table 1). Groat o0il content has the highest overall mean
heritability (0.77), followed by niacin (0.70), fatty acids
(0.54), protein (0.49), and riboflavin (0.38). In general,
heritabilities for these characters are sufficiently high to
permit genetic gain from selection.

Heritability estimates for f-glucan content in barley
(Hordeum vulgare L.) have been intermediate to high. 1In the
F, of a diallel cross using six spring barley cultivars,
Greenberg (1977) found narrow and broad sense heritabilities
of 0.37 and 0.74, respectively, for extract viscosity, a
trait highly correlated with B-glucan content. Lance (1984)
reported that most of the variability for fB-glucan content
in segregating barley populations was due to additive ef-
fects, and estimated a narrow sense heritability value of
0.73 based on parent-offspring regression of F, means on
parental F, means. These results suggest that early genera-
tion selection for f-glucan content is possible in barley.

The objective of this study was to estimate genetic
variances and broad sense heritabilities of groat S-glucan

concentration in two segregating S,-derived oat populations.
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MATERIALS AND METHODS

Two S,-derived populations with nested family structure
were developed from crosses made in the greenhouse during
March 1990 between oat genotypes with different groat
f-glucan contents. Population 1 resulted from the cross
Garry x Hazel, and population 2 from the cross Garry X
Marion. Garry is a low f-glucan cultivar, while Hazel and
Marion have high B-glucan contents (D.M. Peterson, 1989,
personal communication). Thirty five F, seeds per cross
were planted in 10 cm pots on 10 July 1990, and grown to
maturity in the greenhouse. Twenty five F, plants were
randomly selected and seed from individual plants was sown
in the greenhouse on 4 Oct. 1990 to form 25 F, (S,) lines.
Single S, seeds from two randomly selected plants per S, line
were harvested at maturity and planted individually in 10 cm
pots in the greenhouse on 28 Dec. 1990. S, seed harvested
from 50 individual S, plants per population comprised the
lines used for heritability estimation.

Fifty random S,-derived lines, the two parental culti-
vars, and a check variety were planted in the field at East
Lansing on 3 May 1991. The experimental design utilized was

a randomized complete block with two replications. Separate
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experiments were planted for each population. Individual
plots consisted of a 1 m row with 30 cm row spacing.
Approximately 50 seeds were planted per plot. Plots were
surrounded by a check cultivar to minimize border effects.

The soil at East Lansing is a Capac loam (fine-loamy,
mixed, mesic Aeric Ochraqualfs). Fertilizer was incorporat-
ed prior to planting at a rate of 64 kg ha! N, 28 kg ha! P,
and 53 kg ha'! K. Plots were kept weed free by manual culti-
vation. Late planting due to early wet conditions was
followed by warm, dry weather early in the growing season,
which reduced tillering and caused early heading. Total
precipitation during the growing season was 171 mnm.

A single plant per plot was harvested at maturity,
which corresponded to 19 July for population 2 and 26 July
for population 1. Panicles were threshed, and seed dehulled
in an impact type dehuller. Groat samples were ground in a
Cyclone Sample Mill (U.D. Corp., Boulder, CO) fitted with a
0.5 mm screen. Flour samples were stored in air-tight
containers at -20°C until used. pfS-glucan concentration was
determined by the enzymatic method described by McCleary and
Glennie-Holmes (1985) and modifified by McCleary and Codd
(1991), using the Biocon f-glucan kit (Quest-Biocon,
Sarasota, FL). Groat flour moisture was determined by oven
drying samples at 80°C for 24 hr. Results are reported on a

dry weight basis.
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B-glucan data for Sjy-derived lines of populations 1 and
2 were subjected to individual analyses of variance. The
form of analysis of variance and expected mean squares are
presented in Table 2. Variance components in the mean
square expectations were equated to genetic variance compo-
nents which were then estimated using weighted least
squares. Broad sense heritability was calculated on a
progeny mean basis, using the formula:

62
h? = :

§2/r + &%
where §%; = genetic variance, §%> = error variance, and
r = number of replications. Standard errors for herita-
bility estimates were calculated according to Hallauer and
Miranda (1988). A chi-square test and skewness and kurtosis
values were used to assess normality of the frequency dis-
tributions of S,-derived populations (Snedecor and Cochran,
1967). Comparisons were made between midparental values and
population means using a t test appropriate for samples of
unequal size (Snedecor and Cochran, 1967). Differences
between parental and transgressive segregant means were

evaluated using the Mann-Whitney test.
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Table 2. Source, degrees of freedom, and expected mean
squares for the nested analysis of variance.

Source DF{ Expected mean squares
Replications r-1

Sy-derived ny-1 82, + ré%, + rn &’
S, in s ny(n,-1) 82, + ré&% g,
Error (r-1) (ngn,~1) 82,

t r = number of replications, n, = number of S, families,
n, = number of S, families per S, family.



RESULTS AND DISCUSSION

Mean groat fB-glucan values for populations 1 and 2 and
their respective parental cultivars are presented in Table
3. Discrete classes are not apparent in frequency distribu-
tions for groat B-glucan content of S,~derived lines, sug-
gesting polygenic inheritance of this trait (Figure 1). 1In
barley, Greenberg (1977) reported f-glucan content to be
controlled by two or three genes, and Lance (1984) estimated
control by four additive genes and a few but undetermined
number of dominant genes. Powell et al. (1985) determined
the number of effective factors for f-glucan content in
spring barley crosses to be three to five. Chi-square,
skewness, and kurtosis values were not significant
(P = 0.05) for either population, indicating normality of
the frequency distributions. As pointed out by Rosielle and
Frey (1977), symmetrical and normal frequency distributions
are compatible with additive gene action. Additive gene
effects for f-glucan content have been shown to be important
in barley (Greenberg, 1977; Lance, 1984; Powell et al.,
1985).

In the absence of linkage, agreement of cross means

with midparental means suggests additive gene action is
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Table 3. Mean groat f-glucan content and standard errors for
the crosses Garry X Hazel and Garry x Marion and their re-
spective parental cultivars grown at East Lansing in 1991.

Population B-glucan content n
_gkg'l—

Garry X Hazel 48.1 * 4.4 50

Garry X Marion 56.9 * 4.3 50

Garry 44.7 * 1.1 6

Hazel 71.8 * 0.9 4

Marion 59.0 t 2.2 4

present (Mather and Jinks, 1971). A positive but nonsignif-
icant (P = 0.05) deviation of 8.8% was observed for the mean
of population 2 from its midparental value (Figure 1). The
mean of population 1, however, had a large, significant

(P = 0.001) deviation of ~-17.5% from the midparental mean.
This deviation could be due to dominance with or without
epistatic gene action, or to linkage of unfavorable alleles
determining f-glucan content. Pixley and Frey (1991) ob-
served significant negative deviations of population means
from midparental means for test weight and grain yield, and
cited several reports of dominance and additive x additive
epistasis for other quantitative traits in oat.

The proportion of transgressive segregants with signif-
icantly lower or higher groat f-glucan content than the
respective low or high parent varied with the cross. 1In
population 1, 16% of the lines had significantly lower groat
f-glucan concentrations than the low parent (Garry), and no

positive transgressive segregants were observed (Figure 1).
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Negative transgressive segregation was observed in only 2%
of the lines in population 2, whereas 26% of the lines had
higher f-glucan levels than the high parent (Marion). The
most extreme positive transgressive segregant in population
2 had 23% higher fB-glucan concentration than Marion. The
high proportion of positive transgressive segregants in
population 2 suggests that lines with high f-glucan content
could be obtained from crosses utilizing Marion as a parent.

Variance components and broad sense heritabilities are
presented in Table 4. Heritabilities of f-glucan concentra-
tion reported in this study are lower than heritability
estimates of f-glucan in barley (Greenberg, 1977; Lance,
1984), and are of similar magnitude to those reported for
protein content in ocat (Table 1). Since evaluation of
B-glucan concentration was carried out in advanced (F,)
lines, dominance variance is expected to be small, and most
genetic variance should be additive. Therefore, observed
heritabilities may approximate narrow sense values.

Heritability values reported in this study may be
biased upward because the estimate of genetic variance was
obtained in one year at one location. Thus, the estimate of
genetic variance includes é6%,, 6%, and 6%y in addition to
62, (Dudley and Moll, 1969). Genotype X environment inter-
action for groat B-glucan content appears to be important in
oat. Peterson (1991) reported a significant genotype x

location interaction for fB-glucan content in oat, and
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Table 4. Genetic (6%) and error (é?) variance components and
broad sense heritabilities (h?) for groat B-glucan content
in two oat crosses.

Population 8%, 2 h? + SE
Garry X Hazel 13.51 39.38 0.41 + 0.01
Garry x Marion 22.80 38.34 0.54 * 0.24

Brunner (1992) observed significant genotype x location and
genotype x year interactions for groat f-glucan.
Heritabilities estimated in this study are of suffi-
cient magnitude to expect genetic gain from selection.
Because heritability values are intermediate, and genotype
interactions with environment are probably important, selec-

tion for B-glucan content in oat should be based on repli-

cated trials in advanced generations.



SUMMARY AND CONCLUSIONS

Genetic variances and broad sense heritabilities were
estimated in two segregating S,-derived oat populations
developed from crosses between cultivars with different
groat B-glucan concentrations. Population 1 resulted from
the cross Garry (low) x Hazel (high), and population 2 from
the cross Garry (low) x Marion (high).

Normal frequency distributions of Sjy-derived lines and
absence of discrete classes suggest polygenic inheritance of
groat f-glucan content. Population 2 had a high proportion
of positive transgressive segregants, indicating that Marion
appears to be a good source of genes for high f-glucan
content.

Broad sense heritabilities of 0.41 and 0.54 were ob-
served for populations 1 and 2, respectively. These values
may be biased upward because the estimate of genetic vari-
ance was obtained in one year at one location, and evidence
suggests genotype x environment interactions are important.

Heritabilities estimated in this study are of suffi-
cient magnitude to expect genetic advance from selection.
Since heritabilities were intermediate, and genotype x

environment interactions appear to be important, selection
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for B-glucan content in oat should be based on replicated

trials in advanced generations.
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