Observations on the Resistance of Grape Varieties
to Black Rot and Downy Mildew

By J. B. DEMaREE, I. W. D1x, axp C. A. Macoox, U. S. Horticultural
Station, Beltsville, Md. '

THE establishment of experimental vineyards of eastern grapes of
the United States Department of Agriculture at the United States
Horticultural Station, Beltsville, Maryland, in recent years has made
possible observations on the degree of resistance to grape diseases of
the approximately 270 varieties in the Arlington Farm vineyard, near
Washington, D. C., which soon will be discontinued. These observa-
tions have added to the inadequate information available on the reac-
tion of standard grape varieties to fungus diseases, under Middle At-
lantic States conditions, and have furnished what would appear to be
valuable information needed in the development of improved disease-
resistant varieties by breeding.

The vineyard used in these studies was established in 1916, when
30 rows of duplicate vines, spaced at 10-foot intervals in rows 10 feet
apart, were planted. Replacement of unsuccessful plantings and addi-
tions of new varieties were continued up to 1932, at which time the
vineyard consisted of 60 rows of American Euvitis varieties and 10
rows of selected Vinifera varieties. The vineyard rows extend in an
east-west direction and occupy a slope having a southern-southwestern
exposure. A modified Munson trellis was used. Standard cultural
practices were followed.

‘With the exception of the summer of 1928, when some trouble was
encountered, satisfactory control of fungus diseases prior to the pres-
ent season was accomplished by the regular use of a 3-3-50 bordeaux
spray applied at approximately 2-week intervals during the spring and
early summer. In 1928, in spite of the spraying schedule, black rot
caused a loss of as much as 25 per cent of the fruit in some of the
Vinifera varieties and appreciable loss in a number of Euvitis kinds.

In order to study the response of different varieties of grapes to
diseases, it was decided this season (1937) to discontinue spraying and
to allow the vines to become exposed to natural infection. Standard
pruning, cultural, and fertilizer treatments were given.

Since the vineyard had been kept relatively free of diseases in pre-
vious years, it was expected that at least 2 years would be required for
it to become sufficiently invaded by fungus diseases to permit a reason-
ably fair reading on the relative resistance of the different varieties,
but so severe and so uniformly distributed was disease infection
throughout the vineyard in 1937 that it was felt that a preliminary
report should be made at this time.

Seasonar CONDITIONS

Since fungus diseases of grapes are largely influenced by climatic
factors, the temperature and humidity conditions at Arlington Farm
this season may be of some interest. During the first half of June the
daily mean temperatures ranged from 66 to 81 degrees F, considerably
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above worinal, and for the-remainder of themmonth from 78 to 77 de-
grees F. The total precipitation for June of '6.49 inches, more than
one and one-half times the normal amount, fell during 11 of the 30
days. During July rain fell during 12 of the 31 days with a total of
nearly 4 inches. Wide fluctuations in the mean daily temperatures oc-
curred, ranging from 66 to 84.5 degrees F. The first half of August
was abnormally warm and except for the 6 days from the 12th to
the 17th, inclusive, the daily mean up to August 22 ranged between
80 and 85 degrees F. During the month 7.95 inches of rain fell in
13 out of the 31 days, the precipitation on these days ranging from a
few hundredths to more than 234 inches. .

Tt is believed that with the normal temperature range that exists
at Arlington Farm, humidity rather than abnormally high tempera-
tures is of more significance in the spread of fungus diseases. In this
connection, it is interesting to note that during the period June 1 to
August 31 in 1928, when fungus diseases were prevalent in spite of
control measures, rain fell on 14 days in June, 8 days in July, and 12-
days in August, with a total precipitation for the period of more than
7 inches above the normal, while the mean daily temperatures fluctuated
widely below as well as above the normal mean. Weather records for
other years, when examined for comparison with those of 1937 and
1928, show less favorable distribution of rainfall for spread of fungus
diseases.

VINEYARD OBSERVATIONS

The fruit and foliage diseases most destructive to the grape in the
vicinity of Washington, D. C., are black-rot (Guignardia bidwelli),
downy mildew (Plasmopara witicola), anthracnose (Sphaceloma
ampelinum), ripe-rot (Glomerella cingulata), and bitter-rot (Melan-
comium fuligineum). The two former were by far the most destructive
in the variety vineyard during the season of 1937. The relative im-
portance of each was recorded as found in the vineyard. A part of these
data is recorded in Table 1. ) _

Black-rot caused the greatest damage to the fruit, but some ripe-rot
and bitter-rot appeared during the ripening period. Lesions of the
black-rot organism occurred on the foliage of many of the varieties,
but resulted in very little foliage damage to any except the Vinifera.

Downy mildew began to show in the 10 rows of Vinifera situated on
the windward side of the vineyard during the latter half of May and
spread rapidly to the American species and varieties. By midsummer
the disease was killing the foliage of many. This disease as a whole
caused a negligible amount of damage to the fruit. Two varieties,
Brocton and New Red, both Vinifera crosses, showed as much as 50
per cent of fruit damage. It was not observed on the fruit of other
American varieties in sufficient amount to warrant recording.

Observations on the relative resistance of the approximately 270
grape varieties were made four times during the season: May 18, July
1, August 2 and 3, and August 16. On May 18 there were scattered
infections of downy mildew on the foliage of a few of the Vinifera, but
none was observed on the American forms. Six weeks later the fruit
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of the Vinifera varisties was-in Ladcondidion due to-black-rof, Twd"
varieties, Dodrelabi and Damascus, showed a loss of 25 per cent, Ali-
cante Bouschet about 50 per cent, and the balance showed practically
total loss. On August 2, when final readings were made on these
varieties, the foliage of Black Monukka was free from mildew and that
of Jura Muscat, Muscateller and Sylvaner showed only 25 per cent
infection. The fruit of all four had been destroyed by black-rot. Da-
mascus, on the other hand, showed 25 per cent healthy fruit, although
its foliage had been destroyed. With these exceptions, the foliage of all
the vines in the Vinifera group was in very bad condition and the fruit
completely destroyed. At this time the American varieties showed a
wide range of variability of resistance to both black-rot and mildew.
On the fruit the resistance varied from no rot to 98 per cent. A similar
variability of resistance was noted for downy mildew on the foliage.
The older foliage of a few varieties was falling at this time and exposing
the fruit to the direct rays of the sun, while foliage of other varieties
was luxuriant and entirely disease-free.

One month later both diseases had become more accentuated as to
intensity, but some varieties continued to demonstrate outstanding re-
sistance to diseases. A few showed resistance to both black-rot on the
fruit and mildew on the foliage, while others exhibited marked re-
sistance to one disease and little or none to the other.

The data taken August 2 and 3 were considered the most important
of any and were used in the final analyses and discussions. At this
time it was thought that black-rot had attained about its greatest de-
gree of destructiveness to the fruit. The damage to the foliage by downy
mildew was sufficiently obvious to make fairly accurate estimates of
final injury. Then, too, at this period other factors were entering into
the picture, such as cracking of the berries, bird and insect injury,
and sun scalding of exposed fruit, all tending to make subsequent
observations less valuable.

Vineyard observations as of this date are presented in Table 1. The
data express the combined judgment of the authors as to the percent-
age of damaged berries and the amount of defoliation and badly
injured leaves. In this table black-rot and downy mildew are con-
sidered. The varieties have been segregated into four groups: (a)
27 showing marked resistance to both diseases ; (b) 17 displaying not-
able resistance to downy mildew but a high degree of susceptibility to
black-rot; (c) 63 exhibiting a high degree of resistance to black-rot
but high susceptibility to mildew ; and (d) 127 named grapes showing
medium to low resistance to both diseases. The 37 following varieties
belonging to the Vinifera species were included in the study, but be-
cause of their almost universal susceptibility to both diseases they are
not tabulated here: Agadia, Alicante Bouschet, Barbarossa, Black
Hamburg, Black Monukka, Black Shahanee, Blue Portuguese, Chas-
selas Doré, Chasselas de Fontainebleau, Chasselas Rose Royal, Cin-
saut, Corinth Rose, Damascus, Dismar, Dobrelabi, Emperor, Foster
Goolabie, Gros Colman, Gros Guillaume, Jura Muscat, Maraville
de Malaga, Mourastel, Muscat Alexandria, Muscat Hamburg, Mus-
cat Noir Precoce, Muscateller, Palomino, Panariti, Pedro Ximines,
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PrinéGe Cazoals, Ted 1lanepoct, Sultanina, Sylvarter, Valdepenas,
and Zinfandel.

Of the entire 270 varieties under observation only one, Franklin,
showed complete resistance to both diseases, although America, Da-
kota, Montifiore, Neosho, and Suelter stood nearly as high, and several
others were outstanding in this regard. More varieties showed high
resistance to black-rot than to downy mildew, but in the case of 17
varieties the reverse was true.

It is regrettable that of the highly resistant varieties so few are in-
cluded that have outstanding table quality and that, in some of the
resistant kinds, at least, undesirable characters are found, such as
lack of vigor, low yield, tendency to shatter, and small size of cluster and
berry. However, there are among them some that do have very desir-
able characters, and these may well serve as the starting point in the
development of improved disease-resistant varieties through breeding.
A detailed horticultural description of these varieties is contained in
United States Department of Agriculture Circular 437 (1937).

Relatively little seems to have been published on the genetics of the
grape with reference to the inheritance of disease susceptibility. It is
known that the Vinifera species, taken as a whole, is extremely sus-
ceptible to black-rot and downy mildew, and from the work of Negrul
(1) it appears that the gene transmitting susceptibility to mildew, at
least, is dominant. In the case of the American Euvitis species, the
evidence seems to indicate that the difference in the inheritance of dis-
ease susceptibility among the different species varies in degree only.

In the consideration of our American grapes from the standpoint
of their species background, we are confronted by the fact that, es-
pecially among the early introductions, many are of obscure or un-
known parentage. Some varieties have arisen as chance seedlings, and
in certain instances where conscious effort was made at crossing known
varieties, it is by no means sure that the result was a true cross. An-
other fact that must be taken into consideration in this connection
is that our present varieties are selections from an unknown number of
undesirables and the degree of disease resistance of the rejects is un-
known. Some species representatives as well as hybrids are included
in the varieties under study, and some consideration of these as bearers
of disease susceptibility, on the basis of the present observations, seems
warranted. We do not have sufficient varietal populations within some
of the species to make our readings significant, but certain relation-
ships are worthy of mention.

The very high susceptibility of the Vinifera varieties included in
these studies has already been mentioned. If we now assume that the
species background of all our varieties is as indicated, we may consider
various groups on this basis. In the case of the 31 straight Labrusca
varieties, the amount of infection averaged 14.3 per cent tor black-rot,
with a co-efficient of variation of 112.5 per cent ; and for downy mildew
an average of 31 per cent with a coefficient of variation of 75.5 per cent.
Comparing these figures with those for the 77 varieties having Labrusca-
Vinifera parentage, we find that the average infection from black-rot
for these latter was 33.2 per cent, with a coefficient of variation of 84
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r per gent, an ameunt more than twicg that ofthe Labrusca group ;-while

for mildew infection the average was 45.1 per cent , with a coefficient
of variation of 51.8 per cent. Here the susceptibility of the Labrusca-
Vinifera for downy mildew was about one and one half times that of
the Labrusca -group. The marked carrying over of the tendency to
susceptibility to these diseases from the Vinifera parents would appear
to be the explanation.

If we consider now the Riparia-Labrusca group of 23 varieties, we
find a much higher degree of resistance to both black-rot and do;vny
mildew, greater than that even of the Labrusca group. Here the aver-
age amount of infection from black-rot was 11.1 per cent with a co-
efficient of variation of 184.6 per cent, and an average invasion of 22.2
per cent by downy mildew, with a coefficient of variation of 68.9 per
cent. These figures for the Riparia-Labrusca group are probably some-
what higher than they really should be, due to the fact that two varieties
Shelby and Black Pearl, which exhibited much greater susceptibilit};
than the other varieties in the group, are of uncertain parentage and
possibly should not be included here.

Attention is called to the small group of five varieties with Aesti-
valis-Labrusca parentage. Here the damage from black-rot averaged but
3.6 per cent, and from downy mildew but 7.2 per cent. This group is
too small, of course, to warrant sweeping conclusions, but tendencies
toward high resistance to these diseases seem clear. Included here are
Cynthiana, Hermann, Kentucky, Norton, and Ives varieties.

The same may be said for the Lincecomii species group, repre-
sentated by Loretto, Neosho, and Wyandott. These exhibit outstanding
resistance. When the Lincecomii blood is mingled with that of La-
brusca and Vinifera, however, a striking difference is noted, for where-
as the Lincecomii were invaded to the extent of about 114 per cent
by black-rot and 2 per cent by downy mildew, the ten varieties having
Lincecomii-Labrusca-Vinifera parentage showed the average amount
of infection of black-rot of 60.5 per cent with a coefficient of variation
of 15.3 per cent, and by mildew of 53.6 per cent with a coefficient of
variation of 50.3 per cent.

Of the other groups showing complex parentage, only the Labrusca-
Vinifera-Bourquiniana combination will be considered here. This
group, which includes 24 varieties, showed an average loss by black-
rot of 27.6 per cent, with a coefficient of variation of 52.9 per cent;
while an average of 51.2 per cent defoliation was noted for the mildew,
with a coefficient of variation of 45.9 per cent. This group showed
considerably more resistance to black-rot than the Lincecomii-La-
brusca-Vinifera group, but the reaction to downy mildew was about
the same.

Discussion

This report deals with the results of but one season’s observations,
and the final reading has not been made on the relative resistance of
these grape varieties to black-rot and downy mildew. However, the
only probable effect of further exposure of the vineyard to attack by
fungus disea;es, if any, would be a further reduction in the amount of
observed resistance. While some further reduction may be expected
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it is belicved, from the severity of-the attack this seoson, that later.
findings will not alter materially the conclusions drawn here.

It must be emphasized further that drawing conclusions as to the
importance of various species in transmitting susceptibility to fungus.
diseases is unsatisfactory when based on heterogeneous material such
as our present varieties. In spite of the fact, however, that we are deal-
ing with selections from populations rather than with entire popula-
tions, it is with these selections that one must deal in the making out
of a breeding program involving disease resistance as one factor. It is
to certain species and species crosses that we must look for parent
varieties. It would appear from the present findings that varieties hav-
ing Riparia, Aestivalis, Lincecomii, or Labrusca blood would most
likely prove best sources of disease-resistant material.

While high susceptibility to black-rot and downy mildew seems to
characterize the Vinifera species group, it is to be noted that some re-
sistance was observed, and it seems likely that a factor for resistance
is possessed by some representatives of this group. European workers
(2) are apparently finding this to be true and are able to secure vines
possessing marked resistance from Vinifera sources.

CoNCLUSION

The present report deals with the relative resistance of 270 American
Euvitis and European Vinifera grape varieties to infection from black
rot and downy mildew, as observed at Arlington Experiment Farm,
in Virginia, during the season of 1937.

According to their degree of resistance to these diseases, the varie-
ties have been segregated into five groups, as follows: (a) 27 varieties
showing marked resistance to both diseases; (b) 17 displaying notable
resistance to downy mildew but a high degree of susceptibility to black
rot; (c) 63 exhibiting a high degree of resistance to black rot,
but high susceptibility to infection by downy mildew; (d) 127 show-
ing medium to low resistance to both diseases; and (e) 36 varieties of
the Vinifera species exhibiting high susceptibility to these diseases.

Riparia, Aestivalis, Lincecomii, and Labrusca species appear most
likely sources of desirable material for use in the development of dis-
ease-resistant grapes.

L1tERaTURE CITED

1. Necrur, A. M. The genetic basis of grape breeding. Bul. Appl. Bot,
Genetics and Plont Breeding (Russian), Series VIII, No. 6, Fruits and
Swmall Fruits. 1936.

2. S~vpEr, ELMER. Grape development and improvement. U. S. D. A. Year-
book, p. 651. 1937.



