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Compared to other areas of the
world, North America is a vast store-
house of diversity for the genus Vitis.
Taxonomists are not in fulFagreement
concerning the systematics of this
genus, but the two most authoritative
texts, Bailey (7) and Munson (54),
list the number of North American
species at 30 and 26, respectively. In
contrast, Europe and Asia combined
have 10-15 species of Vitis (28). It
was in fact the grapes of the North
American continent, and not the In-
dians or wild game that most im-
pressed the first explorers. The Norse
explorer, Lief the Lucky, son of Eric
the Red, landed in New England
about 100 A.D., and was much im-
pressed by the rich growth of native
grapes (34, 62). He dubbed the New
World “Wineland the Good.”

In spite of the great diversity in
North America, the only grape species
present in the upper Midwest is the
Riverbank or Frost Grape, Vitis
riparia Michx. (V. vulpina L.) )Fig.
1). This species has been considered
of great promise for breeding cold
hardy cultivars (34, 53).

Historically, the most hardy grape
cultivars have been of V. riparia par-
entage. Hedrick (24) lists as among
the most hardy cultivars Beta, Bac-
chus, Clinton, Elvira, Ironclad and
Janesville, all of which are partially or
pure V. riparia. Beta, Clinton and
Elvira are still regarded as among the
most hardy cultivars in New York (66).

In addition to cold tolerance, V.
riparia has other desirable characteris-
tics. The species has great resistance
to the phylloxera root louse ( Dactylas-

phaera vitifoliae Shimer), is easy to
propagate and graft, the fruit ripens
early (34, 54), and has a good flavor,
described by Munson (54) as “juicy,
pure and vinous.”

The authors are interested in V.
riparia primarily as a parent for breed-
ing cold hardy wine grapes. Two suc-
cessful wine cultivars of V. riparia
parentage are Baco Noir and Foch,
which have recently been planted in
large acreage in eastern grape grow-
ing regions such as New York (55).
Wines from these cultivars have
scored well in a number of wine re-
search programs (13, 18, 23, 32, 38,
60). These cultivars are recommended
for planting over a wide area of North
America (5, 6, 8, 14, 27, 29, 76).
Brooks and Olmo (15) give the par-
entage of these cultivars as follows:
‘Baco Noir’ = V. riparia cv. Folle
blanche x V. riparia; ‘Foch’ = (V.
riparia x V. rupestris) x V. vinifera cv.
Goldriesling. While neither cultivar
is hardy in Minnesota (85) they illus-
trate that wine from grapes of V.
riparia origin can be widely accepted.

The present situation in Minnesota:
In his treatise on the climate of Min-
nesota, Amdur (2) found that the lack
of a sufficiently long and/or warm
growing season has not been the limit-
ing factor in viticultural expansion in
this region. He cited the very cold
winters as being the limiting factor.
Indeed, the only cultivar recommend-
ed as fully hardy in the state is Beta
(85). The parentage of this cultivar
is V. riparia x V. labrusca cv. Concord
(59), and is of poor quality for wine.

There has recently been increasing
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the Vitis riparia clones sampled in this study.

interest among amateurs in Minne-
sota in the French hybrid wine grapes
(81), but growers must bury these
vines for winter protection. Hansen
(33) labelled the growing of fruits
which require winter protection “hor-
ticulture on crutches,” an apt descrip-
tion. Labor requirements for growing
grapes in the eastern U.S. have been
calculated to be between 52 and 84
hr/acre/yr (40, 56, 68). Covering
grapes for winter protection requires
approximately 35 hr/acre/yr (16)
thereby increasing labor costs by 42
to 67%. Even in Russia where ma-
chines have been developed that can
bury 12-15 acres of vines per day, the
concensus of opinion among research
workers is that winter protection will

never be economically feasible. De-
veloping winter hardy cultivars is re-
garded as the only long term solution
(24). It appears unlikely that wine
%rape growing in Minnesota will ever
e economically competitive unless
high quality, hardy cultivars are de-
veloped.

LITERATURE REVIEW

Vitis riparia has the most extensive
range of any of the native species of
Vitis (Fig. 1). Intraspecific variation
is quite common in species with such
wide ranges and particularly in dioe-
cious species which are cross-polli-
nated and highly heterozygous (70).
It seems likely that V. riparia should
also exhibit variation. However, docu-
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mentation of intraspecific variation in
North America Vitis species is sparse.

In Hendrick’s descriptions of the
native grape species (34) most are
described as being variable in at least
one trait. Hedrick describes V. riparia
as the most variable of species.

Munson (54) describes the North
American Vitis species in much
greater detail than Hedrick but the
characters exhibiting significant varia-
tion are essentially the same. Munson,
however, ascribes some of the ob-
served variations to introgression with
other species. With the exception of
V. rotundifolia, with 40 chromosomes,
all Vitis species have 38 chromosomes
and are completely interfertile (28).
The species are apparently separated
for the most part by differences in
time of blooming 3154); there is some
overlap in this character, however,
and this would explain Munson’s ob-
servation of natural hybrids.

Munson (54 ) also noted that species
having wide distributions “vary
greatly among their individual vines
from different regions in nearly all
their characters, hence vines for ex-
perimental purposes taken at random
can promise little in development
toward improvement of varieties for
cultivation.”

Bailey (7) also felt that there was
much intraspecific variability but of-
fered no documentation for it. He
felt that most of the so-called hybrids
which earlier taxonomists referred to
could be explained on the basis of in-
traspecific variation. He stated that
because of this variation, he found it
difficult to construct an identification
key for the genus. Bailey said that be-
cause of the wide distribution of V.
riparia, the species “presents many
aspects,” though he did not elaborate.

In his detailed work with V. cinerea,
Barrett (10) noted great variation in
cluster size and shape, vine produc-
tivity and vigor, and sugar and acid

content of the fruit. In another study
(9) he noted intraspecific variations
in black rot resistance in nine North
American grape species. V. riparia
was found to be the most variable of
the species, some vines being entirely
free of infection and others being in-
fected in both foliage and fruit. Clones
of this species derived from northern
sources were more susceptible than
were clones from southern areas.

Kliewer (44) measured the concen-
trations of tartrates, malates, glucose
and fructose in 26 species of Vitis
growing at Davis, California. Com-
pared to other species V. riparia was
very high in both percent soluble
solids and total acidity.

METHODS AND MATERIALS

Fruit collection: Fruit was collected
in mid-September from vines of V.
riparia growing in their native habitat.
The principal area of collection was
along the Minnesota River between
Belle Plain and Shakopee, Minnesota
(Fig. 1). Fruit was collected only
from vines growing on the north bank
(i-e., south-facing) so as to minimize
variations in sunlight exposure. Selec-
tion of particular vines was random-
ized as much as possible so as to repre-
sent a cross-section of the population.
However, heavily diseased vines were
not sampled.

Fruit was also collected from V.
riparia vines growing at the Canadian
Department of Agriculture Research
Station at Morden, Manitoba (Fig. 1).
These vines had originally been grown
from seed collected in the Riding
Mountains area of Manitoba (46),
which is the northernmost population
of this species (20, 54). The Morden
population was sampled because it is
known that plants on the periphery of
a species’ range often represent ex-
tremes of types (22, 36, 47, 70).

From 6 to 15 representative clusters
were harvested from each vine and
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Fig. 2. Soluble solids variation in two popu-
lations of Vitis riparia. (Minnesota popu-
lation comprised of clones collected Sep-
tember 12, 13, 1975.)

placed in sealed plastic bags until the
juice was extracted (2-48 hours after
picking). The clusters were sized
visually into three classes: small (less
than 5 cm in length), medium (5-10
cm in length) and large (greater than
10 cm).

The berries were stripped from the
clusters, crushed and squeezed by
hand through several layers of cheese-
cloth. This was effective since there
appeared to be very little juice left in
the pulp after sqeezing. The juice was
strained once more through cheese-
cloth, placed in labelled test tubes,
sealed with a cork and stored at
approximately —23°C until analyzed
(1-10 days).

The frozen juice samples were
thawed quickly in a hot water bath,
decanted and analyzed. Percent solu-
ble solids was determined using a
hand refractometer (American Opti-
cal Model No. 10430). Total acidity
was determined by titrating 5 ml of
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Fig. 3. Total acidity variation in two popu-
lations of Vitis riparia. (Minnesota popu-
lations comprised of clones collected
September 12, 13, 1975.)

juice to an endpoint of pH 8.2, using
a 0.1 N sodium hydroxide solution
(8). Juice pH was determined with
a glass electrode pH meter.

RESULTS AND DISCUSSION

General observations: There ap-
pears to be considerable variability in
fruit quality of V. riparia (Figs. 2, 3).
The total acidity, 2.23 to 4.35% meas-
ured as tartaric acid, is considerably
higher than those reported for other
species of Vitis (17, 44, 49, 64) or for
interspecific hybrids (6, 50, 71, 136).
This agrees with the taxonomic litera-
ture which describe V. riparia as be-
ing a species of high acidity (7, 34,
54).

Soluble solids content ranged from
13.8° Brix to 26.5° with the best clones
exceeding the values reported for most
other species (17, 49, 64), and for
interspecific hybrids (5, 23, 32, 38, 60,
63).
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Fig. 4. Range in Vitis riparia cluster size.

In general, V. riparia has moder-
ately small to small clusters. This
agrees with taxonomic descriptions of
the species (7, 34, 54). However,
some clones have clusters noticeably
larger than average (Fig. 4). These
clones would be the most desirable
for breeding purposes, providing their
other characteristics (sugar and acid
content, productivity, and disease re-
sistance) were satisfactory.

There is considerable variation
within a population in pH at any given
level of total acidity (Figs. 5, 6). This
is due to variations in buffering capac-
ity of the juice and is also a charac-
teristic of species other than V. riparia
(4). In selecting clones of V. riparia
for breeding wine grapes, it would
probably be best to avoid those which
have a ﬁigh pH. A low pH in wines
is generally desirable because it in-
hibits autolysis of yeast cells (enzyma-
tic self-destruction ), aids in extracting
pigments from the skins of red
grapes and inhibits spoilage bacteria
(4). The cultivar ‘Foch’, for example,
often has too high a pH, even though
its acid level is generally high, In a
number of studies, spoilage of and low
senrory scores given to ‘Foch’ wines
have been attributed to its high pH
(12, 18, 23, 42).

Significance of 1976 Morden selec-
tions: In 1976 clones fruiting at Mor-
den were far fewer than in 1975, most
likely due to the severe frost experi-
enced on the night of May 17.
Weather data from the Morden sta-
tion showed a noticeable warming
trend beginning May 8, 1976. Prior to
the hard frost there were nine con-
secutive days when the mean tem-
perature was above 50°F.

This temperature (50°F) has sig-
nificance as grapevines begin growth
when mean daily temperatures reach
this level (78). Amdur (2) has shown
that five to seven days of mean tem-
peratures above 50° were required to
produce active bud growth of ‘Beta’
vines. Since there were nine days of
mean temperatures in excess of this
threshold level and since V. riparia
vines are known to begin growth
earlier than any other native Vitis
species (7, 54) the Morden vines
were most likely in active growth by
May 16.

Damage to growing vine tissue be-
gins when the temperature drops to
about 30°F (78, 81). A temperature
of 26° or lower for a few hours will
kill all green shoots, flower clusters
and partially opened buds (78). Tem-
perature minimum recorded on the
night of May 17 were 30° (shelter
value) and 26° (ground level). These
minima are indicative of a radiation
type frost, where the foliage tempera-
ture may be considerably colder than
the air temperature (2).

Therefore, it is likely that the dam-
age at Morden in 1976 was due to the
late frost following nine days having
a mean temperature above 50°F.
Those clones bearing fruit in 1976
must have some mechanism for avoid-
ing or tolerating late frosts. The char-
acteristic of late budding would allow
avoidance of late frosts and the char-
acteristic of fruitful secondary buds
(buds which will grow if the primary
bud or shoot is killed) would be a
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Fig. 5. Correlation of total acidity and pH
in the Minnesota Vitis riparia clones.

frost tolerance mechanism. Either
character would be desirable for
breeding grapes for northern areas.

Minnesota and Manitoba popula-
tions compared: A comparison of fruit
quality characteristics of the two
populations reveals an interesting rela-
tionship. Table 1 shows the mean
values of percent soluble solids and
total acidity of the two populations.
It is apparent that at the time of har-
vest, the fruit from the two popula-
tions was at approximately the same
stage of maturity. However, the Mani-
toba population required fewer de-
gree days and a shorter growing sea-
son to reach this state of maturity.
Such a result is not surprising since
the growing season at the site of origin
of the Manitoba clones is much shorter
than the growing season in Minnesota
(Figs. 7, 8). The selection pressure
for early ripening is much stronger in
Manitoba than in Minnesota.

One complicating factor in this com-
parison is that the two populations
were grown at different sites. The day-
length during the growing season at
Morden is longer than in Minnesota.
The effect of increased daylength on
ripening is unclear.

Such variation in photoperiodic re-
sponse is not uncommon in woody
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Fig. 6. Correlation of total acidity and pH
in the Manitoba Vitis riparia clones.

plant species. Timing of growth ces-
sation has been shown to be inversely
correlated with latitude of origin
and/or length of growing season in
a large number of woody plant spe-
cies. It has been shown that cessation
of active growth is necessary for cold
acclimation in the fall (39, 51, 69, 77).
Therefore, it may be expected that
plants from northern areas or from
areas with a short growing season will
be somewhat more hardy than those
of the same species of more southern
origin or from areas with a longer
growing season. (This would be par-
ticularly true if critical temperatures
occur early in the acclimation process.)
This relationship has been shown in a
number of woody plants including:
Acer rubrum L. (72), Gleditsia iri-
acanthos L. (19), Fraxinus americana
L. (79), Pinus palustris (1), P. stro-
bus (50), P. resinosa Ait. {11), P.
taeda L. (52), Quercus rubra L. (30)
and in Pseudotsuga menziesii, Thuja
plicata and Tsuga heterophylla (63).
Quamme et al. showed that native
blueberry, Vaccinium angustifolium
Ait., from northern Minnesota accli-
mated earlier than clones from Michi-
gan, although both clones were
equally hardy in midwinter. Smith-
berg and Weiser (69) found that
when clones of Cornus stolonifera
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Table 1. Comparison of Minnesota and Manitoba Clones of V. riparia.

Number of % ff Days (Base 50°F)
clones Soluble since Degree
Source Latitude sampled solids? % Acid? last 0°C days?
33 Manitoba 49° N 183 +12 3.51 = .57 123 1792
21 Minnesota 45° N 18.7 = 2.3 3.34 + .66 145 2341

1The Minnesota population is comprised of clones sampled September 12 and 13, 1975; Manitoba clones

were all sampled September 15, 1975.

2Values of the two populations do not differ at the .99 level of significance.

3Manitoba climate data taken from records of the Morden, Manitoba research station; Minnesota climate
data from U.S. Dept. Commerce, Environmental Data Service, Monthly Climatological Data.

Michx. from widely divergent arcas
were grown at one location acclima-
tion occurred earliest in those clones
originating in areas having the shortest
growing season. However, as in the
case of blueberry, all clones were
equally hardy by midwinter.

There is more direct evidence that
latitudinal variation in acclimation oc-
curs in V. riparia. Dorsey (26) re-
ported that foliage of V. riparia clones
collected in central Iowa and north-
ward was more resistant to fall frosts
than clones of more southern origin.
In his table grape breeding work
Peterson (58) obtained earlier ripen-
ing progeny, and progeny of slightly
greater hardiness when V. riparia
clones from northern North Dakota
instead of South Dakota were used as
the hardy parent. As grown in south-
ern Quebec, V. riparia clones of Mani-
toba origin ripened earlier than clones
of local origin (75). Also, the leaves
of the Manitoba clones naturally
senesced before the first fall frost in
nearly all seasons; those of local origin
did not.

The genetic potential for early ac-
climation is a very important character
for developing cold hardy cultivars
(1, 5, 69, 71). Therefore, the earlier
ripening Manitoba V. riparia ecotype
would probably be the most valuable
source of hardiness in developing cold
hardy grape cultivars.

Mechanism and significance of eco-
typic variation: The mechanism of
variation between ecotypes of a spe-
cies has been clearly demonstrated
(21, 22, 37). In general, differences
between races of a species are deter-
mined by a system of genes, each hav-
ing minor but additive effects. The
multiple gene nature of these charac-
teristics allows flexibility in adapting
t(o I)nany small variations in habitat

21).

When different races of a species
are crossed, “ecotypic heterosis” often
occurs. Clausen and Hiesey (21) ex-
plained that “genes having additive,
subtractive, and complementary ef-
fects on a character are frequently
carried by separate races of the spe-
cies and cause transgressive segrega-
tion in interracial crosses.” In the case
of physiological differences, such seg-
regation may far exceed the limits
found in the parental races. For exam-
ple, some F. progeny of Potentilla
glandulosa cross of ‘Coastal x Alpine’
ecotypes, surpassed the Alpine eco-
type in both vigor and frost hardiness
(22).

This phenomenon has horticultural
as well as ecological significance. In-
terracial crosses have horticultural sig-
nificance because the variability ex-
pressed by the progeny of such crosses
may exceed that in wild populations
of the species (21, 22, 36). Thus,
many new recombinants not found in
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either ecotype may be selected. It has
ecological significance because “in
nature there is a backlog of unutilized
evolutionary resources from which
races capable of fitting into many new
environments could be synthesized.”
Hybrids from such (interracial) cross-
ings are also often superior to their
parents in their ability to succeed in a
wide range of environments (22).

Therefore, it would seem that in-
stead of selecting the best individual
clones in wild populations of V. riparia
for breeding, crossing of ecotypes
might yield some combinations su-
perior to the best individuals in each
population. This procedure, some-
times referred to as “semi-domestica-
tion” of the wild species, is thought to
have been an early method of im-
provement in many of our crop plants
(25). Interracial crosses occurred
accidentally as early man moved from
camp to camp, taking seeds of his crop
with him,

Limitations of this study: When
studying variations in particular traits

Origin of
Manitoba
clones

»SBS

0 05 ° E\
L&Oo; (29
USA.

Fig. 8. Mean length of growing season in
Manitoba (67) (days).

among individuals in any species, a
commonly employed technique is the
uniform environmental plot (11, 22,
30, 37, 52, 69, 72). In this procedure
individuals from throughout a species’
range are grown at one site, thereby
minimizing environmental effects on
the traits measured.

Due to time and space constraints
the uniform environmental plot was
not employed in this study. Thus the
variability due to environment is a
real limitation.

Those clones .:ppearing poor in fruit
quality cannot necessarily be discard-
ed as genetically inferior, since the
environmental variability could not
be measured. However, some of those
which appeared superior in fruit qual-
ity for their time of harvest may be
expected to perform at least as well,
or better when grown under standard
vineyard conditions.

CONCLUSIONS

1. The Vitis riparia populations sam-
pled can be characterized as mod-
erately high to high in soluble
solids and total acidity, with gen-
erally small clusters of berries.

2. There was considerable variation
in percent soluble solids, total acid-
ity, pH and cluster size in the
populations sampled; however, be-
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cause of the sampling methods em-
ployed the contribution of environ-
mental variability to the total vari-
ability could not be determined.
Nevertheless, those selections
which were superior in their fruit
quality characteristics while grow-
ing in the wild may be expected
to perform at least as well under
standard vineyard conditions.

In using V. riparia for breeding
hardy wine grapes, juice pH should
be considered an important fruit
quality characteristicc. Low pH
c{;)nes are probably the most desir-
able.

There apparently exist in the Mor-
den V. riparia population, genes
for tolerance or avoidance of late
spring frosts, or for productive sec-
ondary buds. Any of these charac-
ters would be valuable for breed-
ing grapes for northern areas.

There may be a correlation be-
tween length of growing season at
the site of origin and fruit ripen-
ing date in V. riparia. This varia-
tion may be useful in two ways:
a) Because the northern clones
ripen earliest they would be the
most desirable V. riparia clones to
use when hybridizing with the
long-season European V. vinifera
wine grapes. b) Based on work
done with other species (21, 22,
36, 37) it may be expected that
useful recombinant types, not
found in either parental popula-
tion will be obtained by crossing
ecotypes of V. riparia. Since trans-
gressive segregation of characters
is frequent when making such
crosses (21, 22) it should be pos-
sible to obtain progeny with better
combinations of fruit quality char-
acters and earliness than are found
in natural populations.
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