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seedbed prepared quickly at the end of the hot, dry summer. Soil temperatures 
are high while the moisture supply is often variable until the winter pattern 
of low temperatures and more reliable rainfall is established.In mid-winter, 
tillering is proceeding at low, but not freezing, temperatures, low irradiance 
and high soil moisture. The combination of low evaporation, high winter 
rainfall incidence and poorly structured soils often leads to waterlogging. 
This can seriously impair plant growth and in some cases cause tiller death. 
By early spring, daylength and temperature are increasing quickly and the 
probability of worthwhile rains decreases rapidly. During stem elongation, 
there is often a very rapid transition from over-supply of water to a 
shortage. From anthesis onward, crops may be subject to radiation frost, high 
temperatures (which may reduce yields even when soil water is not limiting) 
and drought stress. Drought stress results from the combined effects of low 
rainfall,high evapotranspiration and poor moisture holding properties of the 
soil. Crop physiologists have proposed 12 characters for improved plant 
performance in Mediterranean-type environments (Table 1). 

Figure 2 : Seasonal patterns of rainfall
1

evaporation from bare fallow and crop 
evapotranspiration at Horsham, Victoria (after Nix,1975). 
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Table 1 Desirable plant characteristics in a Mediterranean-type environment 

l.Raoid aermination and earlv establishment of deep roots
2.Rapid phenological development
3.Developmental plasticity
4.Diaheliotropic and paraheliotropic leaf movements
5.Leaf expansion highly sensitive to water deficits
6.Stomata sensitive only to large vapour pressure deficits
and insensitive to low leaf water potentials
?.Ability to adjust osmotically
8.Large transfer of assimilates from stem to grain
9.Dehydration tolerance particularly at seedling and grain filling
10.Tolerance to radiation frosts during anthesis and grain filling
11.Tolerance of high temperatures during anthesis and grain filling
12.Tolerance of periods of waterlogging during tiller formation

1-9 Turner and Begg (1981) ;10-11 Smith and Harris (19B1);12 Fisher (1981)

Yields in Mediterranean environments are low (Table 2) and variable.
Furthermore, the rate of yield increases is much slower than for cropping 
environments at the higher latitudes (Turner and Begg,19B1). Turner and Begg 
compare the rate of increase of wheat yields in the United Kingdom, Syria and 
Australia for the period 1941 to 1977. The latter two countries have made only 
slow progress while U.K. yields have nearly doubled in that period. This 
reflects both the potential for improvement and the degree of difficulty of 
such improvements in the two types of environments. 

Climatic profiles for two environments (Figure 3) where higher oat yields 
are achieved are strikingly different from those Mediterranean-type 
environments shown in Figure 1. The phenology of a winter oat grown in England 
and a short season, spring oat grown in the mid-west of the U.S.A. (Figure 4) 
are compared to that of an oat grown in South Australia. The figure shows how 
an adapted variety must fit the available growing season. 
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The chromosome pairing observed in the two tetrapl oi d hybrids was quite 
distinct. In the A.agadiriana (M71/8) x A.maroccana hybrid, the majority of 
chromosomes remain unpaired as univalents (Table 2). The maximum pairing 
recorded was 151 + 5II + 1111 and the minimum was 261 + 111 and the largest 
configuration recorded was a trivalent. The very low pairing in this hybrid 
indicates that only residual homology between the genomes of the two species 
remains. 

In contrast, the A.agadiriana (M71/l) x A.barbata hybrid has a mean of 6.96 
univalents, 5.44 b1valents, 2.36 trivalents, and a low frequency of higher 
chromosome associations, indicating a much higher degree of homology between 
the chromosomes of the two species, even though the majority of bivalents 
formed were rod configurations (Table 2). the maximum pairing recorded in this 
hybrid was 31 + 5!1 + 2111 + lIV + lV and the minimum was 121 + 8II. Once 
again, the multivalent configurations up to and including quadrivalents could 
be formed by the pairing of homoeol ogous chromosomes rather than chromosome 
rearrangements. 

Chromosome pairing in the two pentaploid hybrids �.sativa x �.agadiriana was 
very limited and not dissimilar to the pairing expected in aneupolyhaploids of 
A.sativa (Table 2). The maximum pairing recorded was 231 + 611 in the M74/8 x
A.sativa hybrid and 221 + 511 + 1111 in the A.sativa x M60/ll hybrid. In both
these pentaploid hybrids 351 were recorded in several pollen mother eel ls
indicating the complete failure of synapsis. There are two possible
explanations for the lack of synapsis: 1) some form of pairing control
mechanism is operative thus restricting the number of synaptic events, or 2)
the chromosomes of the two species are so dissimilar that only occasionally
does synapsis occur between the chromosomes of the two species.

From the evidence available, it seems probable that A.agadiriana has evolved 
along a similar route to A.barbata and from the chromosome pairing observed in 
the tetraploid hybrid A.agadiriana x A.maroccana and the two pentaploid hybrids 
involving A.sativa, it is most improbable that �.agadiriana played any part in 
the evolution of the hexaploid species of oats. 

Finally, the difference in morphology and cytological behaviour of some 
accessions of A.agadiriana are difficult to explain if they are consdered to be 
taxa of the same spec, es. The greatest differences are between M60 and M74 as 
demonstrated by the formation of multivalents and univalents in their hybrid, 
yet when crossed to the hexaploid A.sativa, the chromosome pairing of both 
hybrids is remarkably similar and quite different to any other tetraploid x 
hexaploid cross combination. This fact together with the not dissimilar 
morphology and the similarities of habitat preference and geographic location 
of wild populations, lend weight to the argument that both accessions belong to 
the same species. 

A plausible explanation for the differences and similarities encountered 
between these accessions is that one species is currently evolving from the 
other, or that both are evolving from at least one common parent. 

In their work with the wheats, Zohary & Feldman (1962} proposed the concept 
of polyploid clusters, consis.ting of one 'pivotal' unaltered genome, which 
could be traced to a diploid progenitor, and {in the case of tetraploids) a 
second I differential I genome which might be derived from i ntercrosses between 
the 'original amphidiploids derived from diploid species but sharing the 
pivotal genome'. If this were the case, then the pivotal genome remains 
intact, but the differential genome may not be traceable to diploid progenitors 
as they do not necessarily contain any chromosomes or chromosome segments 
derived directly from an original diploid parent. If one accepts this credible 
evolutionary concept, then it provides a further plausible explanation for the 
chromosomal and morphological differences and or similarities between the 
various �.agadiriana accessions. It might also be an explanation which can be 
applied to the chromosome pairing in the hybrids A.agadiriana x A.barbata, 
�.agadiriana x �.maroccana, and �.agadiriana x A-:-sativa, as wel1 as the 
relationships between many other inter-polyploid hybrids. 
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The effect of viscosity development and solubilization of the beta-glucan due to cooking 
of rolled oats was investigated (Yiu et al, 1987). Comparison of a rapid cooking method 
and a gradual cooking method indicate the latter induced more structural disruption of cell 
walls and an increased release of beta-glucans. Both cooking methods improved the 
digestibility of the rolled oats, however, increased solubilization of the beta-glucans by 
gradual cooking may further modify their physiological effects. Gum viscosity in general, 
has been implicated in mediating several physiological effects such as gastric emptying, 
intestinal absorption, blood lipid concentrations and postprandial glucose levels Uenkins 
et al, 1978; Ink and Hurt, 1987). The effect of cooking on physiological function needs to 
be further investigated as gradual cooking and rapid cooking methods are both commonly 
used procedures in preparing oatmeal for consumption. 

It has long been believed that soluble dietary fibers in general pass relatively unchanged 
through the small intestine into the colon where it is fermented (Cummings and Branch, 
1986). In the case of soluble oat fiber, this premise had not been demonstrated in humans 
until recently. Digestion and absorption studies in seven ileostomy patients support the 
view that human digestive enzymes do not break down the nonstarch polysaccharides (NSP) 
of oats as the beta-glucans in oAts were almost completely recovered after these patients 
were fed test meals of 100 grams of oats (Englyst and Cummings 1985). 

II. HYPOCHOLESTEROLEMIC EFFECTS

Ci) Animal Studies 

As early as 1963 De Groot et al reported that rolled oats incorporated into the diet 
of rats decreased their serum cholesterol. The hypocholesterolemic effects of oats 
was greater than that found for all of the other grains tested. Fisher and Griminger 
(1967) reported that plasma cholesterol levels were significantly reduced in chicks 
fed whole oats, oat hulls or oat groats. Oat starch and oat oil did not affect cholesterol 
status. The results of these studies remained unexplained unti I the health implications 
of dietary fiber became a significant area of research. 

A patent was issued to Hyldon and O'Mahony in 1979 for demonstrating in rats the 
hypocholesterolemic effects of oat or barley gum in rats. The active cholesterol 
lowering properties of oat bran was shown to be related to its water soluble gum contel'lt. 
Similar findings were reported by Chen and Anderson (1979). They showed that serum 
total cholesterol concentrations could be lowered when rats were fed diets supplemented 
with either 36.5% oat bran, 10% pectin or 10% guar gum. Liver cholesterol 
concentrations were also reduced. A repeat experiment was conducted with 36.5% 
oat bran, 10% oat gum or 10% pectin. The oat gum (Chen et al, 1981) yielded more 
pronounced reductions. Total serum cholesterol concentrations were 40% lower in 
the oat gum and pectin groups and 24% lower in rats fed oat bran. Increases in 
HDL-concentrations was highest in the oat gum fed group. The oat gum and pectin 
groups had significantly lower liver cholesterol concentrations than the oat bran groups. 

Other evidence linking the beta-glucan fraction of oat bran to its hypocholesterolemic 
effect is the demonstration that high beta-glucan containing barley is also effective 
in lowering serum cholesterol. Prentice et al (1982) showed both oats and barley were 
effective in reducing plasma and liver cholesterol levels in rats. Fadel et al (1987) 
recently demonstrated chicks fed a high viscosity barley had lowered serum cholesterol 
and LDL-cholesterol levels. Addition of beta-glucanase, a beta-glucan degrading enzyme 
reversed this effect. 
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2. Earliness

Earliness, as was already mentioned, is an ilnportant oat characteristics 
for this region. This was one reason why Paramo, which has this trait, was 
accepted in this region. N·ew varieties have to be early as well. Of those 
presented in Table 2, the varieties Cusi, Raramuri and Bab1cora have 111aturity 
silnilar to Paramo. Because Papigochi is a late variety, it will be released 
as forage oats for regions where it will be seeded under irrigation or when 
the rain starts early for dairy cattle feed. 

TABLE 2. COMPARISON OF DAYS TO MATURITY OF VARIETIES SELECTED BY THE GRAVI
METRIC BULK METHOD, THE PEDIGREE PLANT SELECTION METHOD AND THE 
CHECK PARAMO. 

VARIETY 

Papigochi 
BabJ''.cora 
Pampas 
Raramuri 
Cusi 
Paramo (check} 

SELECTION METHOD USED 
TO DEVELOP VARIETY* 

GBSM 
GBSM 
GBSM 
PPSM 
PPSM 
PPSM 

DAYS TO PHYSICAL 
MATURITY 

96 
90 
91 
88 
84 
87 

*GBSM = Gravimetric bulk selection 111ethod PPSM = Pedigree Plant Selection
Method.

3. Kernel Size and groat percetn

Table 3, indicates that all the new varieties have a lower hull content 
than Paramo, but in the 1,000 kernel weight two, Pampas and Cusi, produce 
lighter kernels than Paramo, However, because their groat percent is high, 
they produce less hulls than the check, The varieties with highest groat 
percent and 1000 kernel weight are Bab1cora, and Rarfunuri, the first one is 
selected by the gravimetric bulk method and the second by the pedigree plant 
selection method. This data indicates that plant s�lection by both these 
methods produce good kernels. Again it is also noticeable that a mechanical 
selection is just as good as a visual one. As the table indicates further 
selection is needed to .deveiope new varieties with higher groat percent and 
high 1,000 kernel weight. 

TABLE 3. COMPARISON OF GROAT PERCENT AND 1,000 KERNEL WEIGHT OF VARIETIES 
SELECTED BY THE GBSM, THE PPSM AND THE CHECK PARAMO. 

VARIETY METHOD USED IN HARDING GROAT 1,000 KERNEL 
SELECTIONS* PERCENT WT. (gm) 

Papigochi GBSM 63.2 35.8 
Babicora GBSM 68.4 36.0 
Pampas GBSM 63.1 34.4 
Raramuri PPSM 66.7 35.8 
Cusi PPSM 66.1 28.6 
Paramo (check) PPSM 59.0 35.9 

*GBSM = Gravimetric bulk selection method; PPMS = Pedigree plant selection
Method.
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GROWTH RATE OF OATS 

Kenneth J. Frey, Agronomy Department, Iowa State University 
Ames, IA, 50011 USA 

IBTK.ODUCTIOR 

Traditionally, the components of grain yield of cereals were considered to 
be number of heads (panicles or spikes) per unit of land area, number of seeds 
per head, and weight per seed (Grafius, 1956). These traits, however, represent 
components of only the "sink" of the cereal plant in which assfmilates are 
stored. To account for contributions of both "source" and sink to grain yield 
of cereals, Takeda and Frey (1976) suggested that the equation for grain yield 
should be 

Grain yield= Growth rate x Growth duration x Harvest Index 

Takeda and Frey ( 1976), indeed, showed that more than 90% of grain yield 
variation in interspecific matings was accounted for by growth rate and harvest 
index, and the relative contribution of growth rate was 1. 27 times that of 
harvest index. Subsequent research by Frey and his colleagues (Takeda et al., 
1979a, 1980; Frey, 1984; Takeda and Frey, 1985; Gupta et al., 1987), who applied 
this conceptual formula to oat (Avena sativa L.) breeding, showed that growth 
rate was the only component in this equation that could contribute substantially 
to improving grain yield of cultivars for midwestern USA. Growth duration of 
oats was limited to 100-110 days because of late-summer heat and diseases, and a 
harvest index of 45-50%, which is typical of current cultivars, is optimum for 
high grain yield. Therefore, the rest of this paper will be devoted to a 
summary of growth rate research. 

MEASUR.IBG GROWTH RATE OF CEREALS 

The typical method for measuring growth rate of cereals is to make periodic 
harvests (usually weekly) of the vegetation from a unit of land area (usually 
0.1-1.0 m2 with a standard number of plants), measure the dry weights of these 
samples, and compute the growth rate as the linear increase in dry weight over 
the growth cycle. For harvests made after anthesis, it is common to separate 
the plant material into vegetation and seed, which are weighed separately. Mean 
dry weight accumulation for five oat cultivars measured via this method by Frey 
et al. (1967) is shown in Figure 1. 
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Figure 1. Mean dry weight of vegetative and grain portions 
of oat culms in five varieties at several stages of plant 
development (B = boot stage and An = anthesis). 
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Table 1. Parentages and origin for 25 oat lines and cultuvars 
included in the series of trials. Mean grain yields over 
years,and locations and b,= the regression coeffisient
and �4 = diviation from the linear regression 

Lines/ 
no. 

5 
23 
17 

1 
2 

4 
6 
8 

9 

11 
13 
25 

3 

7 
10 
12 
21 
14 
15 
16 
18 
19 
20 
22 
24 

Lines/ 
Cul ti vars 
Titus 
Puhti 
Svea 
A9001 
A9004 
A9018 
A9028 
A9052 
A9055 
A9058 
A9060 
A9065 
AOOOl 
A0002 
A0005 
A0006 
AOOlO 
A0015 
A0018 
Kapp 
A0033 
A0036 
A0040 
A0059 
Lena 

* 0.05 < p < 0.01

Parentage_ 
Perle/Stjarn/Sol II 
Hannes/Rythi 
Voll/Blixt/Titus 
Mustang/Pol 
----··----

Pol/Sang 
--··--

Sv692013/Pol 
Alfred/pol 
Alfred/Sv692013 
Alfred/Titus 
VolliSelma 
Mustang/Pol 
Pol/Sang 
Alfred/Pol 
Alfred/Sv692013 
Tador/GrAkall 
Mustang/Pol 
Weikus/Pol 
GrAkall/Tador 
Alfred/Sv692013 
Voll/Selma 
Pol/Sang 
--··--

Sanq/Unisignum 

Yield 
Origin kq/daa 
Sval'2ff AB 514 
Jokioinen 572 
Sval'2ff AB 577 
Apelsvoll 569 

___ .. ___ 580 
___ .. ___ 572 
___ .. ___ 538 
___ .. ___ 533 
___ .. ___ 594 
___ .. ___ 561 
___ .. ___ 559 

Ap. /Kv. h. 566 
Apelsvoll 584 

542 
561 
560 
602 
576 
572 
588 
548 

Ap.Kv.h. 593 
Apelsvoll 582 

___ .. ___ 599 
___ .. ___ 590 

Table 2. Analysis of variance for grain yield 

Source PK Mean sguare F-value
Lines 24 35676.3 13.83***
Location 8 1796296.3 
Lines x loc 192 3787.6 1.47*** 
Year 3 1814910.3 
Lines x year 72 4196.9 1.63*** 
Lines x lac x year 576 2580.1 1.65*** 
Loe x year 24 315392.0 
Rep Cloe. year) 35 23311. 6 
Rest 865 1562.3 
Lines x loc 192 3787.6 
1. Regression 24 8037.4 
2. Dev. from reg. 168 3_180. 5 

bi t_i 
0.89 1.23 
1.20 2.45* 
1.13 0.75 
0.95 1. 75 
0.94 0.17 
0.90 0.46 
0.91 0.89 
0.95 1.45 

0.87 0.79 
1.00 0.88 
0.92 0.42 
1.08 0.88 
1.16 2.21* 
0.87 0.90 
0.96 0.98 
1.25 1.31 
0.92 2.18* 
0.86 1. 06 
0.96 1.14 
1.00 0.35 
1.26 2.52* 
1.01 1.64 
0.95 1.34 
1.07 1.05 
0.97_ 0.60 

Table 3. PLS-regression of interaction to the climatic variables. 

Factor 
0 
1 
2 
3 

The table shows the residual sum of squares for genotype
site interac�ign after inclusion of 0, 1, 2 and 3 factors 

Interaction 
ss DF MS 
727228 192 3787.6 
490179 168 2917.7 
369944 144 2569.l 
307690 120 2564.168 

Env.ment. var. 
55 

100 112 
77 67 
68 38 
68 --__ 18 

DF MS 

112 1.0 
98 0.68 
84 0.46 
70 0.26 

% 

100 
68 
46 
26 
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corresponding results in row A. The flowering period of 'Selma' 
and 'Ponta' agreed exactly and influenced the seed set. Though 
it should be noticed, that these cultivars and 'Borka' were not 
distinguishable by electrophoresis. Therefore the amount of 
pollinations by the neighbour might be overestimated in the case 
of 'Selma', 'Ponta' and 'Fabian' in row A as well as 
'Flaemingsnova'. 'Alfred' and 'Erbgraf' in row B. Pollinations 
by cultivars. not belonging to the surrounding mixture or to 
the neighbouring plot. randomly pollinated 8-37%. 29-70% of the 
pollinations resulted from intravarietal crosses. Especially 
for 'Flaemingsnova' the fraction of inbreeding was significantly 
high. The frequency of pollination mostly depended on the cor
respondence of the flowering periods, agreeing the best within 
a cultivar. The greater the distance between the cultivars. the 
more the frequency of pollination was influenced by chance. 
Genotypic effects might have been important in the case of 
' F 1 aem i ngsnova ' . 

1985 191l'•'85 

1(/einwald Augustenbug Augustenberg 

¼ C: 
Q 

50 
·-

0 

C: 

30 

.. 

.. 

10 Q 

'-
u 

Tiger 

Erbgraf 

Panto 

Selma/fl' 

Barko 

Fabian ,t 

Fig. 2: outcrossing in oat cul ti vars (A. sativa L.) in a field 
with great multiplicity of cultivars. The arrangement of the 
cultivars follows the beginning of flowering: 'Flaemingsnova'
'Fabian' are early, 'Tiger' is late. The number of outcrossings 
per trial is set 100%.

In analysing the frequency of outcrossing in non-emasculated 
samples, clear varietal differences were found (fig. 2). 'Alfred' 
revealed significantly high frequencies of outcrossing in each 
trial. 'Erbgraf' produced adequate amounts of outcrossing at 
Augustenberg in 1984/85. It should be noticed that the frequencies 
of out-crossing might be underestimated for 'Borka', 'Selma' 
and 'Ponta' because of their electrophoretical identity. The 
degree of out-crossing was mainly determined by the date of 
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PER CENT 

IMPORTERS AVERAGE MARKET SHARE 

COUNTRY 1982/87 1980/81 1970/79 

USA 31.4 2.0 1. 4

Germany 11. 2 19.8 26.8 

USSR 10.0 0.0 9.4 

Switzerland 8.5 11.3 10.5 

Japan 7.5 11. 4 11.1 

Italy 5.8 8.1 9.7 

Belgium/Luxemburg 4.5 4.9 4.5 

Netherlands 4.3 2.9 3.8 

Others 16.8 39.6 22.8 

Source· FAO USDA 
; 
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