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Naked oat (Avena sativa ssp. nuda L.) is the highest quality small-grain cereal that can be grown at
the northernmost margin of cereal production. It remains an under-utilised crop and it contributes
less than 0.1% to the total oat area in Finland. In general, limited interest in growing naked oat more
extensively is attributed to its weaknesses, which ironically result from nakedness that improves the
quality of the crop. This paper reviews the available literature and assesses the balance of the argu-
ments for and against naked oats. Results from the study were transformed into quantitative variables
and analysed for strengths, weaknesses, opportunities and threats (SWOT) using an analytical hierar-
chical process. As the importance of different SWOT-factors depends largely on targeted end-use of
yield, separate analyses were done for use of naked oats as on-farm feed and as an input for the feed
and food industry. If we aim at increasing area under naked oat in Finland, the most feasible starting
point would be on-farm feed. In this case, strengths (high nutritional quality and energy content) out-
weighed weaknesses (sensitivity to grain damage) and threats (problems in germination). Increasing
naked oat production in this respect is likely to encourage solving the remaining problems that deter
industry. Threats (availability) regarding the feed industry and weaknesses (incomplete expression of
nakedness) in the food industry out-weighed strengths (high nutritional quality and storability) and
opportunities (potential niches).
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Introducing reasons for
evaluating potential of
naked oat

Oat (Avena sativa L.) grain is excellent in nutri-
tional quality and has high metabolisable ener-
gy content compared with other small-grain ce-
reals, but only when the palea and lemma, termed
hulls, which surround the caryopsis are exclud-
ed (Peltonen-Sainio et al. 2004a, b). Hull con-
tent is a major reason for lack of interest in grow-
ing and using oat in many countries where bar-
ley (Hordeum vulgare L.) and wheat (Triticum
aestivum L.) predominate (Burrows 1986).
Hence, considerable plant breeding effort has
been directed at reducing hull content and in-
creasing groat content in conventional oat (Souza
and Sorrells 1988, Forsberg and Reeves 1992).
Despite significant progress having been made
in lowering hull content (Rekunen 1988), the
presence of hulls limits the attractiveness of oat
as feed and food. This has, together with mech-
anisation of agriculture and decrease in number
of workhorses, resulted in a drastic reduction in
oat production compared with barley and wheat
(Fig. 1a). National Farm Policies may also have
discouraged oat producers in many regions.
There has been no marked and permanent up-
turn in area under oat, although it appears to have
stabilised. In light of this, the capacity of naked
oat (A. sativa ssp. nuda) to dehull when fully
matured represents an important advantage over
conventional oat that is characterised by lignin-
rich, straw-like hulls (Valentine 1987, 1990) con-
trary to thin, papery and far less-lignified hulls
of naked oat (Ougham et al. 1996).

Naked oat is not a novel crop in the strictest
sense. It has a relatively long history in agricul-
ture, probably going back to 500 AD. It was do-
mesticated in China and it is still today a com-
mon crop in certain regions of that country (Hsun
and Maurice 1992). From China it spread to
Europe as a weed and was subsequently domes-
ticated in England, in Norfolk and Suffolk, in
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the 17th century according to the earliest relia-
ble archaeological excavations (Gerard 1597, ref.
Valentine 1995).

Cultivation of naked oat has grown during the
last decade and now occupies 4500-6000 hec-
tares in UK with considerable increase in aver-
age yield (Fig. 1b). There are also prospects for
short-term, marked expansion in area under na-
ked oat in UK (Christopher Green, personal com-
munication, 6 May 2003). There are no firm in-
dications that naked oat has been cultivated in
the past in Finland, at least not to a significant
extent (Hannu Ahokas, personal communication,
20 March 2003). At the end of the 20th century,
the area under naked oat in Finland was only 400
hectares and in 2002 285 hectares (Anneli Par-
tala, personal communication, 30 April 2003).
This contributes 0.1% to the total oat acreage,
but indicates the potential for more comprehen-
sive production of naked oat as oat is an estab-
lished cereal crop.

Weighing strengths and
weaknesses on the basis of
available information

Experience in cultivation

Oat is grown extensively in Finland and Sweden
in comparison with other important oat produc-
ing countries (Fig. la). For example, in 2002
nearly 40% of the cereal area (barley, oat and
wheat) in Finland was under oat. The figure was
nearly 30% for Sweden but less than 10% for
other countries including Canada, UK and USA.
Experience in oat cultivation has accumulated
over generations, creating in principle, an excel-
lent starting point for introducing naked oat to
farmers. The readiness to take naked oat into
large-scale cultivation in Finland is a strength,
especially as it does not require any additional
investment in farms.
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Adaptation to northern growing
conditions

Finland represents the northernmost margin for
large-scale cereal production. In general, oat
grows and yields well under these relatively cool
conditions as there is adequate precipitation
without long drought periods (Mukula and Ran-
tanen 1989). Oat is often cultivated on lands not
deemed suitable for barley and wheat (Peltonen-
Sainio 1999). This is particularly true with acid
soils typical of Finland (Mékeld-Kurtto and Sip-
pola 2002), as oat is the only spring cereal well
adapted to low soil pH. Long days in conjunc-
tion with relatively high temperatures soon after
sowing during early growth stages in early May
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hasten the development of oat. The double ridge
stage is reached once two leaves have emerged,
and development of the panicle starts through
initiation of the first spikelet primordia (Pelto-
nen-Sainio and Pekkala 1993, Peltonen-Sainio
1994, 1999). This is also true for naked oat (Pel-
tonen-Sainio, unpublished data). Maturation of
an oat stand requires accumulation of tempera-
ture to about 1000°C degree days, depending on
earliness of the cultivar (5°C as base tempera-
ture, Mukula and Rantanen 1987). When earli-
ness of naked oat cultivars is similar to that of
conventional cultivars released in Finland, there
are no expected risks related to grain matura-
tion. However, sensitivity of naked oat grains to
mechanical damage induced by high grain mois-
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ture (Kirkkari et al. 2001, Peltonen-Sainio et al.
2001a) is reduced by earliness. An alternative to
reducing such risks is to grow naked oat, like
wheat, only in the most southern regions of Fin-
land that are characterised by the longest grow-
ing season (Mukula and Rantanen 1987). Con-
trary to the recent trend of winter oat replacing
spring oat in the UK (Semundo Ltd 1995), only
spring oat is likely to have a future in Finland.
Winter oat does not have the ability to survive
under low temperatures and when covered by
snow for long periods — 110 to 130 days in the
southwest and western coastal regions and 160
days in central Finland (Mukula and Rantanen
1987). Thus, it can be concluded that spring-type
naked oat is well adapted to grow and yield un-
der northern growing conditions, which can be
regarded as a strength.

Crop management

If long tradition in cultivation of conventional
oat can be regarded as a strength regarding read-
iness for cultivation, it may also be a burden if
the special features of naked oat are not taken
into account in cultivation. This is especially
noteworthy as oat is regarded among farmers as
a crop that grows well without ‘substantial in-
puts and care’. Production of high quantity and
quality yields of naked oat requires some fine-
tuning of crop management. For example, Pel-
tonen-Sainio (1994) suggested that a seeding rate
about 10% more than for conventional oat is
needed for naked oat (some 550 viable seeds per
square metre) because seedling emergence, and
hence number of panicles per square metre, was
found to be less for naked than for conventional
oat. Rapid establishment in association with ear-
ly and full ground coverage is targeted also in
naked oat. Under northern growing conditions
46% of variation in grain yield, 71% for panicle
weight, 76% for number of grains per panicle,
and 71% for panicle filling rate in oat, including
the naked type, was attributed to pre-anthesis leaf
area duration (LAD), a trait that takes into ac-
count both green area and its persistence (Pelto-
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nen-Sainio 1997b, Peltonen-Sainio et al. 1997).
Reduced seedling emergence in naked oat, how-
ever, was not attributed to lower germination as
the number of seeds needed per square meter was
determined on the basis of grain weight and ger-
mination. Hence, it was concluded that naked oat
grain was less vigorous and, to avoid formation
of sparse plant stands, a 10% increase in seed-
ing rate is needed to compensate for the reduced
vigour (Peltonen-Sainio 1994). This was later
supported by the finding that naked oat seedlings
were less able to grow through 5 cm than through
2 cm of sand in laboratory tests (Peltonen-Sai-
nio et al. 2001a). Recorded reduction in grain
vigour is, however, likely to result from smaller
grains with fewer carbohydrate reserves only in
the case when more than two grains are produced
per spikelet, as tertiary grains are known to be
particularly small (Palagyi 1983). Therefore,
mechanical damage to the grain is likely to be
the principal contributor to reduced grain vig-
our. When attempting to improve seedling es-
tablishment through use of fungicidal seed coat-
ing, special care has to be taken to not cause any
further reduction in seed vigour. Due to the un-
certainties related to seedling emergence and
crop establishment, reduced grain vigour and the
need for higher seeding rates are weaknesses.

Except for using 10% higher seeding rates
for naked oat, crop management largely resem-
bles that for conventional oat (Peltonen-Sainio
1997a, Peltonen-Sainio and Rajala 2001). How-
ever, when fully matured, careful harvesting us-
ing low combine harvester cylinder speed is
needed to ensure high germination rate (Valen-
tine and Hale 1990, Kirkkari et al. 2001). Nar-
rowing the concave clearance did not affect ger-
mination (Kirkkari et al. 2001). By these means
high quality of naked grains in the field is main-
tained. The special features of crop management
for naked oat are not barriers to its cultivation in
Finland and hence, the parallel between naked
oat and other spring cereals with respect to crop
management, requiring no additional investment
other than higher seeding rate, is regarded as a
strength.
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Yielding ability

An appropriate comparison of yielding ability
of naked oat and conventional oat requires that
the stands of naked oat be established without a
major difference in seedling number compared
with conventional oat, i.e., 10% higher seeding
rate is used to compensate for lower grain vig-
our (Peltonen-Sainio 1997a). It is also important
that the comparison is based on groat yields or
grain number per unit land area, as 20-25% of
conventional oat grain is low quality, straw-like
hulls. This is also the case for incompletely de-
hulled naked oat grain, but to much lesser ex-
tent (Ougham et al. 1996). Under northern grow-
ing conditions, groat yield of naked oat is al-
ready similar to that of conventional oat: depend-
ing on cultivars compared, it may be up to 10%
higher, equal to or as much as 20% lower (Pel-
tonen-Sainio 1994, 1997a, Kangas et al. 2001).

Multiflorous spikelets of naked oat (Fig. 2)
are still considered to be responsible for lower
yielding ability in comparison with convention-
al oat. Some naked oat lines are able to produce
up to 10-12 florets per spikelet (Burrows 1986).
Breeding efforts have, however, resulted in great-
er abortion rate of higher ranking florets at the
top of the spikelet (Burrows 1986). Often in the
UK two to four grains are set per spikelet (Val-
entine 1995). In Finland, naked lines tended to
produce fewer spikelets per panicle but more
grains per spikelet than conventional oat (Pelto-
nen-Sainio 1994), though naked lines differed
in this respect, indicating potential for breeding.
However, naked lines tended to have only limit-
ed ability to produce more than two to three
grains per spikelet in experiments conducted in
Finland (Peltonen-Sainio 1994, 1997a). This may
indicate that due to rapid development and
growth (Peltonen-Sainio and Pekkala 1993), only
part of the potential in floret and grain set per
spikelet is expressed. This is supported by the
finding of Jenkins (1973), who showed that the
proportion of multiflorous spikelets was great-
est when grown with less than a 15 hour day-
length. Reduced tertiary grain set favours yield
formation: when comparing harvest indices of
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naked and conventional oat on the basis of groat
yield. They did not differ from each other, indi-
cating similarities in partitioning of assimilates
for yield (Peltonen-Sainio 1994). Ability of na-
ked oat cultivars to produce groat yields similar
to those of conventional oat, is a strength, par-
ticularly considering that for a long time con-
ventional cultivars easily out-yielded the first
generations of naked oat (Valentine 1995). Plant
breeding has already managed to provide im-
proved, high yielding cultivars (Kangas et al.
2001).

Nutritional quality

Naked oat is superior in quality compared with
conventional oat as it is characterised by high
digestible energy content with both having a
favourable combination of amino acids and min-

Fig. 2. Naked oat panicle with multiflorous spikelets (Pho-
to: Magnus Scharmanoff/MTT files).
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erals (Doyle and Valentine 1988, Valentine
1995). The quality of naked oat is very similar
to that of dehulled conventional oat (Peltonen-
Sainio et al. 2004a). Hence, the absence of the
encapsulating palea and lemma are the major
determinants of high metabolisable energy con-
tent of naked oat groat. Naked oat offers a prom-
ising alternative for nutrient dense, low fibre di-
ets. The only exception with respect to the cor-
responding quality in dehulled oat versus naked
oat groat quality is that naked oat grain is likely
to have less B-glucan (Givens et al. 2000). Nu-
merous studies have indicated, not surprisingly,
that the high nutritional value and metabolisa-
ble energy content of naked oat has produced
encouraging results in feeding experiments with
horses, pigs, poultry and cattle (Cave and Bur-
rows 1985, Maurice et al. 1985, Myer et al. 1985,
Hsun et al. 1986, Givens and Brunnen 1987,
Cave et al. 1990, MacLean et al. 1994, Poste et
al. 1996) similar to that of partially dehulled oat
(Pettersson et al. 1987, 1997).

Grain quality is not, however, currently de-
termined solely on the basis of grain composi-
tion, nutritional quality and metabolisable ener-
gy content, but also in terms of whether the grain
mass is free from anti-nutritional factors, con-
taminants and pesticide residues. In the case of
naked oat, special attention has been paid to its
expected sensitivity to pathogens, particularly
Fusarium induced infections (Fig. 3). Bruised
and broken areas of the grain surface of the un-
protected naked groat encourage pathogen inva-
sion (Picman et al. 1984). In the studies of Pel-
tonen-Sainio et al. (2001a, 2001b), some Fusar-
ium-synthesised mycotoxins, such as deoxyni-
valenol, nivalenol, HT-2 toxin and T-2 toxin,
were found in naked and conventional oat. Fur-
thermore, no trend was established for grains
threshed at high grain moisture exhibiting high-
er concentrations of mycotoxins. On the basis
of a two-year survey, mycotoxins neither fa-
voured naked oat nor were associated with de-
gree of grain damage (Peltonen-Sainio et al.
2001a). Grains are typically artificially dried
after harvest, prior to storing and are kept dry at
naturally low temperatures, which makes risks

related to storage pathogen infection negligible.
Sinha et al. (1979) indicated that naked oat qual-
ity was lowered by storage fungi, such as As-
pergillus versicolor, and pests, only when grain
moisture during storage increased. We conclude
that high quality of naked oat grains and appli-
cability of naked yield for multiple feed purpos-
es are evident strengths.

Grain damage

Grain crops in Finland are often threshed when
the moisture content of the grain is approximate-
ly 21-23% (Aaltonen et al. 1999). Threshing and
drying exposes grains to mechanical stress and
they are damaged, particularly when threshed
while moist (Valentine and Hale 1990, Kirkkari
et al. 2001, Peltonen-Sainio et al. 2001a). This
is particularly true for naked oat, as the groat
and embryo are unprotected when freed from the
lemma and palea (Valentine and Hale 1990, Pel-

Fig. 3. Germinating seed of naked oat suffering from fun-
gus infection (Photo: Magnus Scharmanoff/MTT files).
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tonen-Sainio et al. 2001a). Mechanical injuries
typically include bruises, contusions and scratch-
es. Naked oat grain is especially vulnerable as it
is softer than wheat and barley. Peltonen-Sainio
et al. (2001a) indicated that ten percent increase
in grain moisture content at harvest resulted in
about 11 percent decrease in proportion of nor-
mal seedlings in a blotting paper test, although
no additional grain breakage and loss of germi-
nation occurred during drying and transfer of
naked grain mass (Peltonen-Sainio et al. 2001b).
This reduction was principally due to threshing-
induced lethal injuries to the embryo. Cultivar
differences in sensitivity to grain damage were
evident (Peltonen-Sainio et al. 2001a), and the
major determinants were groat hardness and
grain size. The harder groat was more sensitive
to breakage while a higher proportion of small-
er grains tended to increase resistance to groat
breakage and loss of germination ability at in-
creasing levels of grain moisture at harvest (Pel-
tonen-Sainio et al. 2001a). In addition, results
from laboratory tests showed that increased grain
moisture at harvest and concomitant damage in
grains were associated with faster seedling elon-
gation. This may be due to faster imbibition of
grains with surface damage. Sensitivity of na-
ked oat grain to damage is, however, evidently
the major indisputable weakness.

Expression of nakedness

Some grains of naked oat retain their hulls after
threshing (Lawes 1971, Lawes and Boland 1974,
Ougham et al. 1996). The extent of nakedness
depends on cultivar and growing conditions. For
example, Kangas et al. (2001) conducted exper-
iments in three locations in Finland and found
cultivar differences in hull retention, ranging
from 0.7% to 13% with variation also caused by
year and location. When growing conditions fa-
vour maturation, grain is better able to thresh
free from hulls during harvest. Lawes and Boland
(1974) showed that high temperatures favoured,
while cool temperatures reduced, removal of
hulls. The importance of reaching full maturity
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to realise complete expression of nakedness was
also supported by the finding that under Norwe-
gian growing conditions, test weight of conven-
tional oat correlated strongly with dehulling per-
centage (Gullord 1986). An additional study
showed that screening naked groats after thresh-
ing resulted in different size distribution com-
pared to that recorded after dehulling grains by
hand and then sorting (Kirkkari et al. 2004).
From this study, it was concluded that smaller
grains in particular retained more hulls, which
may indicate that late developing tertiary grains
as well as those in the lowest part of the panicle
are especially prone to hull retention. This also
provides further support to the idea that full
maturity is associated with better ability to de-
hull during harvest.

Neither the characteristic incomplete dehull-
ing capacity nor the annual variation in hull con-
tent of naked oat due to differences in maturity
level of the grains at harvest are attractive fea-
tures. The degree to which incomplete dehull-
ing is a weakness greatly depends on whether
the yield is used for on-farm feed, where it does
not represent a problem (Peltonen-Sainio et al.
2001b), or whether for the food industry, where
even small proportions of hulls have to be re-
moved before groats are ready for further
processing. Hence, the food industry is gener-
ally unable to benefit from using naked oat in-
stead of conventional oat (Forsberg and Reeves
1992).

Storability

In general, artificially drying grain immediately
after harvest is a standard procedure in Finland
because only rarely does harvest take place when
grain moisture is less than 14%. Grain quality is
consequently high and there are few storage
mould problems. Two major issues related to
storability of naked oat remain however: tenden-
cy for grain to become rancid and contribution
of groat hairs (trichomes) to reduced storage
quality. Oat contains oils to a much greater ex-
tent than most other cereal grains. When grain
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is damaged, lipase enzymes that are mainly lo-
calised in the aleurone layer and embryonic tis-
sues are activated (Ekstrand et al. 1992). Enzy-
matic reactions result in formation of free fatty
acids and the oxidation products of unsaturated
fatty acid moieties of oat lipid (Bodin 1995,
Molteberg et al. 1995). This occurs rapidly e.g.
when oat grains are milled or flaked in the food
industry and is suppressed through heat treatment
that slows the hydrolysis of neutral fats by in-
hibiting the lipase enzyme (Ekstrand et al. 1992,
Bodin 1995). As naked oat grain is very sensi-
tive to damage e.g. during harvesting, it is also
more likely to turn rancid in storage.

Welch (1977) studied the tendency of con-
ventional and naked oat to become rancid and
found that the longer the grains were subjected
to high grain moisture, the higher the propor-
tion of free fatty acids. However, naked oat did
not differ from conventional oat in oxidation of
fatty acids, except when naked grains were se-
verely bruised (Welch 1977). The evolution of
volatile compounds such as pentanal and hex-
anal, was greatest when grain moisture content
was low (10%), and lowest at about 20% mois-
ture content, although it tended to increase when
exceptionally high moisture content was reached
(Kirkkari et al. 2004). Furthermore, conventional
oat tended to produce higher amounts of hex-
anal than naked oat if differences occurred
(Kirkkari et al. 2004). An additional study by
Peltonen-Sainio et al. (2004b) with dehulled,
conventional oat indicated that production of
volatile compounds was not positively correlat-
ed with degree of grain damage. Even storage at
high temperatures of up to 30°C did not enhance
rancidification processes in terms of production
of volatile compounds when grains were stored
under dry conditions. However, free fatty acid
concentration was increased with increasing
rates of groat damage induced with an impact
dehuller, but not to an extent that would result
in rancid flavour or odour. Marked increase in
concentration of free fatty acids was also found
by Sinha et al. (1979) as grain moisture content
increased above 15%. There are reports (Welch
1977, Sinha et al. 1979, Peltonen-Sainio et al.
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2001b) that indicate that naked oat is not sensi-
tive to rancidity caused by grain damage. There
are no reports of problems with storability.

Regarding contribution of groat hairs to stor-
ability, Forsberg and Reeves (1992) concluded
trichomes to be a problem only for their tenden-
cy to trap dust and other foreign matter, which
attracts storage insects and pathogens. As cere-
als produced in Finland are always dried to crit-
ical moisture content, trichomes are not expect-
ed to represent a problem. The potential nega-
tive effects of trichomes are their tendency to
cause irritation during grain handling. Storabil-
ity of naked oat is thus comparable with that
of conventional oat and can be regarded as a
strength.

Potential opportunities and
threats in naked oat production

Substitute for exported energy in feed

Doyle and Valentine (1988) emphasised the po-
tential of naked oat to substitute for imported
energy, principally, soybean meal and maize glu-
ten used in feed. These crops have high temper-
ature demands for normal growth and thus are
not adapted to northern Europe. It was indicated
that substituting barley with naked oat would
reduce dependence on imported protein feeds
(Doyle and Valentine 1988). Since the evalua-
tion of Doyle and Valentine (1988), domestic
crop protein production has been discussed wide-
ly in Finland. Firstly, the bovine spongiform
encepalopathy epidemics (BSE) and crisis drew
attention to the need for crop-based protein and
energy. Use of meat and bone meal as animal
feed is now prohibited and thus there is current-
ly a more urgent need for higher energy crops
than in the late 1980s. Furthermore, use of ge-
netically modified (GM) cultivars has become
standard in many regions of the world and it is
probably only a matter of time before they will
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gain popularity in Europe. Because GM- and
GM-free products have to be kept separate, ex-
porting, storing and handling e.g. GM-free soy-
bean seeds will generate additional costs. Thus
there is increased interest in domestic energy-
crop production. Another issue is whether na-
ked oat, usually having much less than 20% groat
protein when grown in Finland (Kangas et al.
2001), is regarded as an energy crop by the feed
industry. It is, however, evident that use of na-
ked oat in feed mixes increases per unit energy
content.

In Finland, the feed industry dehulls oat
grains prior to use in feed mixes and has invest-
ed in oat dehullers. Therefore, only marginal
savings will be made through using naked oat
instead of conventional oat. Another important
issue is whether naked oat will be produced in
large enough quantities to attract the feed indus-
try, resulting in higher prices for farmers. It is
notable that two-thirds of total oat production in
Finland is used as on-farm feed, representing an
attractive proposition for expanding naked oat
production. When used as on-farm feed, naked
oat presents a very interesting opportunity, as
dehulling conventional oat requires that farmers
invest in oat dehullers or use dehulling services
(Peltonen-Sainio et al. 2004a). In light of all
these considerations, naked oat can be regarded
as an opportunity, although not the sole, and nec-
essarily the most promising, solution when
searching for potential crops to increase the lev-
el of self-sufficiency in energy and protein pro-
duction in Finland.

Availability

Naked oat cultivars adapted to northern grow-
ing conditions have not been bred as actively as
conventional oat and other small-grain cereals.
Only one such cultivar has been released in Fin-
land. ‘Lisbeth’, released in 1994, is early matur-
ing, but very low yielding (Kangas et al. 2001).
It has very small grains, associated with im-
proved opportunities to produce seed material
with high germination (Peltonen-Sainio et al.
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2001a). ‘Lisbeth’ has not been accepted by farm-
ers, due mainly to its modest yielding ability.
Finnish plant breeders have not therefore been
encouraged to invest substantially in naked oat
improvement. In contrast, in the UK considera-
bly more effort has been devoted to breeding
new-generation naked oats. If they mature early
enough under Finnish growing conditions, they
can be further adapted. However, most are win-
ter cultivars and they cannot be introduced into
Finland. This fact and that naked oat users, oth-
er than farmers using naked oat as on-farm feed,
cannot guarantee continuity of yield supply for
industrial processes, are the two major issues
associated with availability. This situation is
considered a threat to increased naked oat pro-
duction in Finland in the future.

Targeted user groups and processes

There exist some potential niches for naked oat.
Conventional oat is not well suited to monogas-
tric livestock, including poultry and pigs, due to
low digestibility and low metabolisable energy
content of hulls. Encouraging results have been
recorded for naked oat used in feed mixes (Cave
and Burrows 1985, Maurice et al. 1985, Myer et
al. 1985, Hsun et al. 1986, Givens and Brunnen
1987, Cave et al. 1990, MacLean et al. 1994,
Poste et al. 1996). Naked oat, however, has a
particular niche as a constituent in diets for race-
horses and pets, commanding a high price (Val-
entine 1995). Furthermore, as discussed earlier,
naked oat increases energy content of on-farm
feeds, which are often of low nutritional densi-
ty.

In addition to feed applications, naked oat can
be used in processes like malting (Peterson 1998,
Wilhelmson et al. 2001), where it provides a spe-
cial flavour to further processed oat malt based
products (Heinio et al. 2002) such as speciality
breads, biscuits, confectionery, and breakfast
cereals (Valentine 1995). The major issue in con-
sidering malting of conventional oat is whether
it is possible with loss of germination when de-
hulled conventional oat is used or, if not de-



AGRICULTURAL AND FOOD SCIENCE

Vol. 13 (2004): 212-228.

hulled, how the hulls are separated after malt-
ing. These three examples indicate that naked oat
is likely to have some extra potential for specif-
ic applications, which represents an opportuni-
ty. Gaining added value is important as oat is
still exported mostly as grain.

Further breeding success

Far fewer resources are invested in breeding na-
ked oat than conventional oat. Possible reasons
for this are paucity of clear, economically via-
ble markets and a wish by some breeders not to
dilute already limited oat breeding efforts (Val-
entine 1995). On the basis of earlier discussion,
special breeding targets for naked oat in Finland
are earliness, high yielding ability achievable e.g.
through breeding for fewer multiflorous spike-
lets (Peltonen-Sainio 1994), and resistance to
groat breakage. The last is the most challenging
even though some potential traits contributing
to reduced grain damage have been introduced
(Peltonen-Sainio et al. 2001a). Improvements in
yielding ability through increasing number of
spikelets per panicle at the expense of number
of grains per spikelet is not only likely to result
in higher grain yield but also in smaller losses
when cleaning and grading the grain mass (Bur-
rows 1986, Peltonen-Sainio 1994). Production
of naked oat in Finland cannot, however, be
based solely on cultivars produced in more south-
ern areas such as the UK, as earliness is particu-
larly important in naked oat to avoid grain dam-
age. Hence, whether prospects for cultivar de-
velopment should be regarded as opportunities
or threats depends on the balance between po-
tential and actual progress to date. Cultivar de-
velopment represents an opportunity for produc-
ing domestic, new-generation naked oat cultivars
that out-yield ‘Lisbeth’. The only obstacle is
uncertainty over whether the area of naked oat
will enlarge as a result of breeding efforts in the
future.
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Production intensity

If the production intensity of naked oat remains
close to what it is today in Finland, no marked
increase in research and development in this field
is expected. In the late 1990s The National Oat
Program of The Ministry of Agriculture and For-
estry in Finland conducted three Research &
Development projects on naked oat, but no large-
scale applications or growth in interest of culti-
vating naked oat has yet resulted. This is despite
encouraging results (Kangas et al. 2001, Kirkkari
et al. 2001, Oksman-Caldentey et al. 2001, Pel-
tonen-Sainio et al. 2001a, b). Lack of interest in
increasing production beyond current levels
clearly represents a threat to the future of naked
oat in Finland.

Seed production

When > 85% germination is the target for com-
mercial seed material, grain moisture at harvest
should not exceed 15% (Peltonen-Sainio et al.
2001a), which is far less than is usual in Finland
(Aaltonen et al. 1999). Even though differences
in germination ability occur among cultivars in
response to grain moisture at harvest, these are
marginal at 85% germination (Peltonen-Sainio
et al. 2001a). However, if germination require-
ment is reduced to 75%, as in the UK, grain
moisture at harvest should not exceed 19% to
26% depending on cultivar (Peltonen-Sainio et
al. 2001a). In light of these examples, there are
only limited possibilities to overcome the prob-
lems of being able to produce seed material that
fulfils the germination requirement. Hence, only
by lowering the germination requirement will the
seed production markets be consistent and reli-
able. There are opportunities through legislation
as in the UK. However, the threat exists that
growing conditions strongly limit possibilities
for producing highly viable grain. Finland would
have to request permission from the EU to re-
duce the germination requirement for naked oat.
There has been a possibility for Finnish seed test-
ing authorities to ask for a licence for perma-
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nent, instead of annual, reduction in germina-
tion requirements for certified naked oat seed,
but which has not yet been used. Hence, the cur-
rent situation represents a threat more than an
opportunity for establishing stable seed markets.

Economy

Although hulls protect the groat from damage
in conventional oat they represent economic loss-
es in several ways. When drying conventional
oat, more energy is needed to remove the addi-
tional water from grains because hulls act as
barriers to water movement. Also, greater low
bulk-density initiated problems are faced in con-
ventional oat compared with naked (Burrows
1986). Due to low weight, the effect of hulls is
greater in volume than in weight. Hence, grains
are more loosely packed, occupying more room
when dried, stored, transported and handled
(Burrows 1986). Dehulling conventional oat in
industry prior to further processing requires en-
ergy that is only partly compensated for by burn-
ing the hulls (Peltonen-Sainio 1994). Further-
more, dehulling conventional oat at the farm
scale to increase energy content (Peltonen-Sainio
et al. 2004a) also represents an expense in in-
vestment and energy requirement. The only ad-
ditional expense when naked oat is used rather
than conventional oat is due to the 10% higher
seeding rate, which was discussed earlier. In light
of these considerations (unpublished data), na-
ked oat is likely to generate savings compared
with conventional oat, which can be regarded as
an opportunity.

Weighing SWOT factors and
groups for different end-use
purposes

Evaluation of strengths (S), weaknesses (W),
opportunities (O) and threats (T) through SWOT-

11)

analysis is commonly used as a planning tool
(Kurttila et al. 2000, Pesonen et al. 2000), though
it has a major weakness in being subjective and
very user-dependent. Knowing this, we based the
SWOT-analyses on an extensive literature sur-
vey described earlier in this paper, major con-
clusions from which are compiled in Table 1. We
attempted to reduce subjectivity by indicating all
the elements that we used in decision-making,
i.e., when weighing whether each relevant fac-
tor was considered to be a strength, weakness,
opportunity or threat.

The first step in SWOT-analysis, after iden-
tifying the relevant factors, was to make pair-
wise comparisons between SWOT-factors with-
in every SWOT-group (Kurttila et al. 2000). The
number of factors within each group differed
from six in strengths, to four in opportunities and
three in weaknesses and threats (Table 1). When
within-group comparisons were conducted, each
of the two factor combinations was assessed sep-
arately and the one having greater strength
(weakness, opportunity or threat depending on
group analysed) was assigned the higher value.
All the given values ranged from one to nine
(Kurttila et al. 2000). The greater the difference
between factors regarded as strengths, the greater
the difference between their priority values.
Hence, the given priorities reflected perception
of the authors’ of this paper about the relative
importance of the factors (Kurttila et al. 2000).
The SWOT-analysis was done separately for
three different scenarios: naked oat used as on-
farm feed, produced for the feed industry or for
processing in the food industry.

All two factor combinations were gauged
separately and therefore comparisons have some
inconsistencies. Due to these inconsistencies,
priorities must be calculated using eigenfactors
for the pairwise comparisons matrix as Kurttila
et al. (2000) proposed. Saaty (1977) showed that
consistency index (CI) is A, —n / (n—1), where
Aoy 18 the highest eigenvalue and n is the number
of factors in the pairwise comparisons matrix.
Furthermore, consistency ratio (C ratio) is the
ratio of CI and the average consistency index of
randomly generated pairwise comparisons ma-
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Table 1. Classification of factors related to naked oat production in Finland as strengths, weaknesses, opportunities and
threats with major criteria used in grouping. See justification and related references for criteria in each section in the text.

SWOT groups Factors within each group Major criteria for grouping

Strengths Experience in cultivation ~ Long tradition in growing conventional oat in Finland.

Adaptation to northern Comparable to that of conventional oat. Growing conditions in Finland

conditions favour growth of oat. Early maturity needed to sustain high seed vigour.

Crop management Comparable to those in conventional oat (except seeding rate; see below).
Cultivation requires no additional investments.

Yielding ability Comparable to that of conventional oat (in the second-generation cultivars).

Nutritional quality Exceptionally high quality cereal grain. Sensitivity to Fusarium invasion
and mycotoxin production comparable to that of conventional oat.

Storability Comparable to that of conventional oat. No indicated groat damage induced
hydrolysis of fatty acids.

Weaknesses ~ High seeding rate Need for compensating the reduced seed vigour by using seeding rate of
10% higher than for conventional oat. Compensation easy to carry out, but
causes additional expenses.

Grain damage Sensitivity to grain damage caused by mechanical stress. Causes most of the
uncertainty related to production and use of naked oat.

Expression of nakedness ~ Nakedness is not fully expressed. Using grain yield for on farm feed face no
problems, but due to incomplete expression of nakedness food industry
lacks the prominent benefit of using naked oat.

Opportunities ~ Substitute for imported Naked oat is a potential, under-utilised candidate, though not the only one to

energy substitute for imported energy feed. Need emphasised due to the bovine
spongiform encepalopathy (BSE) crisis and domination of genetically
modified (GM) soybean.

Targeted use (niches) Nakedness offers extra potential for specific, high value applications
(racehorse and pet feed, malting).

Future breeding success ~ No major obstacles expected to restrict further breeding success and release
of the second-generation naked oat cultivars (replacing Lisbeth) into Finnish
growing conditions.

Economy Hulls of conventional oat cause economic losses that naked oat lacks.

Threats Availability The only released naked oat cultivar Lisbeth does not attract farmers, while

Production intensity

Seed production

the modest success of it does not encourage the breeders to invest more on
breeding naked oat. Low lot quantities dissatisfy industry.

No substantial sign of increased interest and activity in growing naked oat,
even though encouraging results and conclusions were gained during the
National oat program (1998-2000).

Growing conditions in Finland limit the possibilities to have seed with high
germination, which is a threat for stable and vigour seed markets. Legisla-
tive opportunities are not used to permanently reduce the germination
requirement to 75%.
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trix. To calculate a C ratio, we used 400 randomly
generated matrices. The C ratio measures the
coherence of the pairwise comparisons and there-
fore it is an important quality indicator of the
SWOT analysis. As a general rule, a C ratio val-
ue of 10% or less is considered acceptable
(Kurttila et al. 2000). This level was exceeded
only once in the SWOT-analysis (Table 2). The
consistency ratio of the comparisons among four
SWOT groups was 0.4, 0.2 and 0.3%, when na-
ked oat is produced for on-farm feed, the feed
industry and the food industry, respectively.
Hence, all these C ratios indicate that within and
between group comparisons were made with
adequate precision. All mathematical calcula-
tions were done using SAS/IML -software, ver-
sion 8.2 (SAS 1999).

The local priorities resulting from SWOT-
analysis are shown in Table 2. When growing
naked oat for on-farm feed, nutritional quality

was assigned the greatest strength, sensitivity to
grain damage the greatest weakness, economy
the greatest opportunity, and uncertainty in seed
production the greatest threat. In contrast to this,
when regarding the feed and food industries as
potential targets for naked oat, the greatest weak-
ness was incomplete expression of nakedness,
the best opportunity, special niches, and the
greatest threat one of unavailability, while the
greatest strengths were high quality and stora-
bility. The factors from each SWOT-group with
highest local priority were chosen to represent
the group, they were compared to each other and
their relative priorities calculated in parallel to
the comparison of factors within each group
(Kurttila et al. 2000).

All analyses were done separately for each
end-use purpose, and they emphasised the feasi-
bility of introducing naked oat first as on-farm
feed crop. The subsequent possibility for enlarge-

Table 2. Priorities and consistency ratios for comparisons of the strength, weakness, opportunity and threat (SWOT) groups
and factors when naked oat is produced for on-farm feed, and for the feed industry and food industry.

SWOT group Priority SWOT factors Consistency Priority of the  Overall
of the ratio, % factor within priority
group the group of the factor

Produced for on-farm feed

Strengths 0.335 Experience in cultivation 1.2 0.158 0.053

Adaptation to northern conditions 0.140 0.047
Crop management 0.139 0.047
Yielding ability 0.180 0.060
Nutritional quality 0.205 0.069
Storability 0.177 0.059
Weaknesses 0.116 Increased seeding rate 16.0 0.188 0.022
Grain damage 0.712 0.083
Expression of nakedness 0.100 0.012
Opportunities 0.241 Substitute for imported energy 0.3 0.337 0.081
Targeted use (niches) 0.038 0.009
Future breeding success 0.255 0.062
Economy 0.369 0.089
Threats 0.309 Availability 8.2 0.443 0.137
Production intensity 0.107 0.033
Seed production 0.450 0.139

continued on the next page
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Table 2. (cont.)

SWOT group Priority SWOT factors Consistency Priority of the  Overall
of the ratio, % factor within priority
group the group of the factor

Produced for feed industry

Strengths 0.266 Experience in cultivation 59 0.168 0.045

Adaptation to northern conditions 0.152 0.040
Crop management 0.030 0.008
Yielding ability 0.179 0.048
Nutritional quality 0.252 0.067
Storability 0.220 0.059
Weaknesses 0.193 Increased seeding rate 0.5 0.072 0.014
Grain damage 0.377 0.073
Expression of nakedness 0.551 0.106
Opportunities 0.241 Substitute for imported energy 1.5 0.283 0.068
Targeted use (niches) 0.311 0.075
Future breeding success 0.189 0.046
Economy 0.216 0.052
Threats 0.300 Availability 0.8 0.523 0.157
Production intensity 0.367 0.110
Seed production 0.110 0.033
Produced for food industry
Strengths 0.173 Experience in cultivation 6.5 0.160 0.028
Adaptation to northern conditions 0.153 0.027
Crop management 0.030 0.005
Yielding ability 0.182 0.032
Nutritional quality 0.235 0.041
Storability 0.240 0.042
Weaknesses 0.302 Increased seeding rate 0.9 0.058 0.018
Grain damage 0.388 0.117
Expression of nakedness 0.553 0.167
Opportunities 0.249 Substitute for imported energy 0.04 0.046 0.012
Targeted use (niches) 0.395 0.098
Future breeding success 0.263 0.066
Economy 0.296 0.074
Threats 0.276 Availability 0.05 0.488 0.135
Production intensity 0.395 0.109
Seed production 0.117 0.032

ment of production in the case of naked oat be-
ing well accepted, is likely to provide additional
impetus for development of new-generation cul-
tivars and stabilisation of seed markets with leg-
islation to guarantee availability of naked oat in
large quantities for possible future industrial use.
Hence, SWOT-analysis proved to be a useful
additional tool to aid decision-making. This is
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particularly the case when strategies are devel-
oped based on adequate published information.
In such cases the analysis helped to prioritise
positive and negative factors affecting conclu-
sions and subsequent decisions. Using SWOT-
analysis enabled formulation of a potential strat-
egy to encourage better use of naked oat under
Finnish growing conditions.
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In conclusion, the literature review and the
SWOT-analyses based on it indicated that naked
oat is especially attractive as on-farm feed, where
the major weaknesses, grain damage and incom-
plete expression of nakedness, do not prevent its
use. The strength of naked oat is high nutrition-
al quality, which outweighs both weaknesses and
threats. Therefore, the most feasible strategy to
enlarge the area of this under-utilised, high qual-
ity, energy-rich cereal crop is to introduce it first
for on-farm use and later, if demonstrated to be
successful, extend its production to industrial
use.
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SELOSTUS

Paljasjyvainen kaura uutena viljelykasvina Suomen kasvuoloissa

Pirjo Peltonen-Sainio, Anna-Maija Kirkkari ja Lauri Jauhiainen
MTT (Maa- ja elintarviketalouden tutkimuskeskus) ja Tyotehoseura ry.

Paljasjyviistd kauraa viljeltiin Suomessa vain 285
hehtaarilla vuonna 2002, miké on alle promille kau-
ran viljelyalasta. Pieni viljelyala on seurausta useis-
ta epdvarmuustekijoistd. Paljasjyviisyyteen kytkey-
tyy vahvuuksia ja heikkouksia. Téssé kirjallisuuskat-
sauksessa analysoimme paljasjyvéisen kauran tuotan-
non vahvuuksia, heikkouksia, mahdollisuuksia ja uh-
kia nelikenttdanalyysin avulla (SWOT-analyysi).

Vahvuuksina esille nousevat pitkd kauran viljely-
kokemus, kauran ja paljasjyvidisen kauran sopeutumi-
nen Suomen kasvuoloihin, viljelymenetelmien sa-
mankaltaisuus tai niisséd tehtdvien muutosten toteu-
tettavuus, hyvé sato, erinomainen laatu ja hyvé sii-
lyvyys. Heikkouksiksi luokiteltiin tavanomaista kau-
raa suurempi kylvosiementarve (10 %), jyvén vaurioi-
tumisherkkyys ja jyvien epétidydellinen kuoriutumi-
nen. Mahdollisuuksina pidettiin paljasjyviisen kau-
ran arvoa tuontienergian osittaisena korvaajana, so-
veltuvuutta erityiskédyttokohteisiin, kasvinjalostuksen
mahdollisuuksia tuottaa Suomen kasvuoloihin sopeu-
tuneita, nykyistd satoisampia lajikkeita ja alhaisem-
pia tuotantokustannuksia (kuivaus, varastointi ja kul-
jetus). Uhkiksi koettiin epdvarmuus saatavuudessa,
alhainen tuotantointensiteetti ja siementuotannon epi-
varmuus.
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Johtopéitokset arvotettiin kirjallisuuden perus-
teella, ja analysoitiin analyyttisen hierarkiaprosessin
ja SWOT-analyysin yhdistelmilld. Koska vahvuuk-
sien, heikkouksien, mahdollisuuksien ja uhkien pai-
noarvot vaihtelevat kiyttotarkoituksen mukaan, teh-
tiin analyysi erikseen kidyttokohteen mukaan (kotoi-
nen energiarehukéytto, rehuteollisuus tai elintarvike-
teollisuus).

Analyysin perusteella kotoinen rehukdytto osoit-
tautui varteenotettavimmaksi ensivaiheen kéyttokoh-
teeksi, kun paljasjyviisen kauran viljelyéd laajenne-
taan. Sadon hyvi laatu korvasi jyvén vaurioitumisen
ja heikon itdvyyden aiheuttamat menetykset. Paljas-
jyvidisen kauransiemenen lisddntynyt kysyntd myos
rohkaissee kasvinjalostajia kehittiméin ja laskemaan
markkinoille uuden sukupolven lajikkeita, joilla kor-
vataan nykyisin ainoana lajikeluettelossa oleva heik-
kosatoinen ja pienijyviinen lajike. Vahvin rehuteol-
lisuuden ndkokulmasta esille noussut tekijé oli rajal-
linen saatavuus ja pienet tuotantoerit sekd elintarvi-
keteollisuuden osalta jyvien epétidydellinen kuoriutu-
minen ja tdmidn johdosta rajalliseksi jddvd hyoty.
Nami tekijat ylittivdt painoarvoltaan vahvuuksina
esille nousseet erinomaisen laadun ja hyvin sdilyvyy-
den sekd mahdollisuuksista erityiskdyttokohteet.
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