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Breeding Blackberries
A Review of Progress and the Possibility of Obtaining

New Blackberry Types in Oregon for the
Pacific Northwest

By
GEORGE F. WALDO*

The culture of such trailing berries as the Logan, Young and
Bovsen has reached considerable economic importance in Oregon.
The success of these varieties indicates that berries of their type are
well adapted to Oregon conditions. The European, Evergreen and
Himalaya varieties have also been important in the trailing black-
berry industry of the state.

All of these varieties have weaknesses from the standpoint of
commercial production and utilization. The Logan, which attained
prominence first, is now grown mainly for juice and wine making. It
is not satisfactory for freezing because of its so.ftness, red color, and

Figure 1. Boysenberry planting in Washington County, Oregon.

Horticulturist, Division of Fruit and vegetable crops and Diseases, Bureau of Plant
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4 EXPERIMENT STATION BULLETIN 475

high acidity. The Young has been found to be an unreliable pro-
ducer. The Boysen (Figure 1) at the present time is the most satis-
factory for canning and freezing, and is the most widely grown; but
packers of frozen berries would prefer a berry with a bright black
color, somewhat firmer, and less acid. The Evergreen, which is
bright black, is objectionable because it has large seeds, does not have
high flavor, and ripens so late that fall rains often interfere with
picking.

Oregon Climafic Conditions
Climatic conditions in western Oregon, such as cool summer

weather without much rain and the mild winters, favor the growth of
many species of Rubus having characteristics of commercial value.
A considerable number of types, species, and varieties have been col-
lected for use in breeding at the Oregon Agricultural Experiment
Station. Many of these grow vigorously and some have fruit of
commercial quality. The extensive natural spread of the Evergreen
and Himalaya blackberries, both natives of Europe, has indicated
their great adaptability to western conditions. Upright-growing
blackberries and dewberries native to the eastern United States also
grow well along the Pacific Coast.

From southern California to British Columbia several forms of
a native trailing blackberry group occur. These are similar in gen-
eral appearance, growth habit, and fruit, but differ in minor char-
acteristics from one locality to another. The observed differences are
in vigor, size and color of canes, number, color and length of
prickles, color of leaves, presence or absence of pubescence, and
flavor and acidity of the fruit.

Additional Forms Possible
Investigations in berry breeding carried on by Crane (4),*

Darrow and Longley (6), Thomas (15), and Waldo and Darrow
(16) have indicated that the native trailing blackberries of the Pacific
Coast have probably entered into the parentage of the Logan, Young,
and Boysen varieties.

The importance of the Logan has suggested the possibility of
obtaining through breeding additional related varieties with still
better commercial qualities. The origin of the Logan as given by
Judge Logan (13 and 17), that it is the result of a natural cross
between the native western blackberry variety Aughinbaugh and a
European red raspberry, has been confirmed by the studies of Crane

See Literature cited, page 38.
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(4) and of Waldo and Darrow (16). The latter authors also show
that fertile crosses between the tetraploid (4 sets of chromosomes)
red raspberry LaFrance and octoploid (8 sets of chromosomes)
forms of the western native blackberry can be obtained readily.
When Waldo and Darrow also crossed a selection of the native
western blackberry with the upright, eastern variety Eldorado, the
seedlings were similar to the Mammoth blackberry also originated
by Judge Logan. Selections of these seedlings are showing promise
for frozen-pack preservation.

The genus Rubus is one of the most difficult and yet most inter-
esting groups of plants to study. Sudre (14), Focke (9), Lidforss
(12), Gustafsson (11), Brainerd and Peitersen (2), and Bailey (1)
have studied and classified a great many types and species. Genetic
and cytological studies by Fischer, Darrow, and Waldo (8), Yarnell
(18), Crane (4), Thomas (15), Gustafsson (11), Brown (3), and
Einset (7) have added much to the knowledge of the genetic con-
stitution of various species of Rubus and information on their use in
breeding has been gained. The possibility of obtaining fertile hybrids
between different species of the genus Rubus has been shown by
Crane and Lawrence (5) and others. Results of the cooperative
breeding projects between the United States Department of Agricul-
ture and the Oregon Agricultural Experiment Station reported here
further indicate the possibilities of crossing several species to obtain
new commercial varieties of trailing berries adapted to Oregon and
Pacific Coast conditions.

Development of Blackberry Breeding at the Oregon
Agricultural Experiment Station

The breeding of trailing blackberries at the Oregon Agricultural
Experiment Station was started by the late C. E. Schuster about 1928
and was further expanded by G. M. Darrow when stationed in Ore-
gon between 1930 and 1932. Since that time breeding has been
carried on continuously by the author, and up to the present time
19,526 seedlings have been fruited.

The earlier breeding was exploratory. A great many crosses
were made, involving many different varieties and species. Small
numbers of seedlings were grown of most crosses, but fairly large
numbers of seedlings of a good many crosses and still larger numbers
of a few were raised. The results of this work indicated the pos-
sibilities of futher breeding and some of its limitations. Information
thus gained made possible the determination of certain definite
obj ectives.
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The principal objective of the earlier breeding was the incorpor-
ation of the flavor of the native trailing blackberry into a trailing
berry of larger size and greater productivity. The native trailing
blackberry of we'stern Oregon and Washington appeared to be the
best source of flavor quality. Fine flavor has continued to be a
primary objective.

Berries that remain a desirable product after processing by
canning or freezing have also been a major interest. Food processing
is an important' industry in Oregon, and almost all berries produced
are either canned or frozen. New varieties that would make a
superior product after processing might, quickly become of consid-
erable economic importance. Berry qualities, such as size, color,
firmness, acidity or sweetness, as well as flavor, are very important
considerations in obtaining new varieties suitable for processing.

Plant vigor, which usually means productiveness, has also been
an important objective. Vigorous plants are those producing num-
erous long canes of large diameter. Also associated with plant vigor
are disease resistance and winter hardiness.

Besides plant vigor, productiveness is associated with blossom
sterility and sex. These factors were found early to be of major
importance. The development of fertile, productive forms has, there-
fore, become an objective of great importance. It has been necessary
to make crosses between many blackberry types in an effort to attain
all these objectives, and such crosses have resulted in many seedlings
showing various degrees of sterility. The nature and causes of steri-
lity are also involved and some studies are now being made on chro-
mosome numbers as related to sterility.

In recent years the,breeding program has been directed toward
obtaining first of all a trailing type with a bright black fruit of excel-
lent quality for the freezing industry. For use as parent material in
this phase of the work there have been available the American trailing
varieties Boysen, Logan, Young; the European varieties 'Evergreen
and Himalaya; selections of the native trailing blackberries of the
Pacific Coast; and both the erect-growing and the trailing (dew-
berry) varieties of the eastern United States. In addition there are
now at the Oregon Agricultural Experiment Station many hybrids
resulting from crossing the California native trailing blackberries
which are variable in chromosome numbers with the European tetra-
ploid red raspberry LaFrance, as well as hybrids between a selection
of the California native blackberry and the eastern variety Eldorado,
(Figures 2 and 3). Other hybrids from earlier breeding work in-
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Figure 2. A. Fruit cluster of a hybrid seedling of the California
native blackberry Partrick Point x LaFrance red raspberry. B. Fruit
cluster of a hybrid seedling of the California native blackberry Jenner-1
x Eldorado, erect-growing eastern blackberry.

dude selections of crosses between the Logan and Himalaya, Logan
and Austin Thornless dewberry Figure 4), and Logan and Lucretia.
There are also available as parents, selections of crosses of Logan
with several types of the Oregon native trailing blackberry.

An evaluation of the different crosses is somewhat difficult,
because of the diversity of the parental material. The seedlings of
some crosses may be of no immediate commercial value but may have
value for future breeding, and hence are saved. Most selections,
however, are discarded after growing two or three years or as soon
as undesirable features become apparent. Since the ultimate objec-
tive of the blackberry breeding is the origination of new varieties
for commercial purposes, evaluation of seedlings for their commercial
value is the first consideration.

Principal Crosses and Number of Selections
In Table 1 the crosses are given from which the largest numbers

of seedlings were raised. The number of selections made in each
cross is also given, along with the selections of promise for commer-
cial purposes. Of some crosses, many selections were made without

BREEDING BLACKBERRIES



Figure 3. Vigorous growth characteristic of a hybrid seedling of the
-California native blackberry Agate Beach x LaFrance red raspberry.
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Figure 4. Oregon 73 (Logan x Austin Thorniess dewberry). A vigor-
ous-growing selection which has been used in further breeding.

regard to their commercial possibilities, while of others, especially
those made in recent years, only seedlings of value for canning or
freezing were selected. Table 1 is arranged in the order of those
crosses that gave the highest percentages of seedlings of value for
canning or freezing. The percentage of seedlings selected, however,
may not fully represent the commercial value of the cross, since
growing conditions were not the same each year.

This table shows that desirable freezing and canning quality was
obtained in seedlings from a considerable number of different
crosses. A study of their parentage shows they were derived from
only-a relatively few types or varieties used as original parents. The
parents of most importance are the several selections of the Oregon
native trailing blackberry, Rubus macro petalus, such as Zielinski,
Ideal (Santiam), Hunter, and others. These are closely followed by
the Logan. Although used less extensively as a parent than Logan,
the Boysen enters into the parentage of a good many promising

I



Table 1. CROSSES ARRANGED IN THE ORDER OF THE HIGHEST PERCENTAGE OF

SELECTIONS SUITABLE FOR CANNING AND FREEZING

10

Crosses
Seedlings

plan ted
Total

selections

Selections with
promise for canning

or freezing

Per cent
OlallLe x Johnson 49 3 3 6.1
Johnson x Olallie 51 3 3 5.9
Chehalem .r Olallie 276 13 13 4.7
Jenner. I z Eldorado 223 12 7 3.1
Oregon 605 x Boysen 225 7 6 2.6
Pacific x Boysen 550 16 12 2.2
Cascade x Himalaya 129 2 2 1.5
Oregon 16 z Young 53 4 1 1.2
Hunter x Oregon 793 200 2 2 1.0
Cascade x Boysen 517 10 5 0.9
Cascade .v Olallie 263 2 O.S
Logan z Oregon 123 117 1 0.8
Oregon 616 x Himalaya 247 2 0.8
Black Logan x Young 692 35 0.7
Cheliatern x Cascade 151 1 0.7
Zielioski x Logan 1,561 76 1 0.7
Logan x Austin Tharnless 174 9 0.6
Logan x Evergreen 179 3 0.6
Ideal x Young 187 3 0.5
Logan x Himalaya 263 1 0.4
Zieltnski .r Oregon 73 308 1 0.3
Logan x Lucretia 427 3 0.2
Logan x Young 1,157 27 0.1
Chehalern x Eldorado 405 0 0.0
Chehatem x R. conadensi.e 151 0 0.0
Chehalem x Oregon 266 139 0 0.0
Hunter z Young 135 0 0.0
Logan x Branstetter II 295 1 0.0
Logan x Oregon 126 357 0 0.0
Oregon 18 r Logan 214 1 0.0
Oregon 217 x Boysen 212 0 0.0
Oregon 217 x Pacific 293 2 0.0
Oregon 236 v Oregon 73 322 0 0.0
Oregon 236 x Logan 329 4 0.0
Starr x Boysen 66 4 0.0
Zielinski x Young 641 8 0.0

Totals and average 11,611 256 8 0.7

Parentage or source of all parents used in these crosses found in appen x below.

APpENDIx TO TABLE 1
Oregon selection numbers represent the following crosses:

16--Unknown 209- --Zielinski x Logan
18- -Unknown 217 -Ziehnski x Logan
73- -Logan x Austin Thornless 236- Ziehinski x Logan

118-ZLehinski .v I.ogan 246- Zielinski .v Logan
1 19-Zielinski x Logan 266-Himaaya z Eldorado
123- -Zielinski .i Logan 605-Zielinski x Logan
125-Zielinski x Logan 616-Zielinski x Logan
126---Zielinski x Logan 793-Oregon 605 z Boysen
130-Ziehinski .v Logan 828--Zielinski z Oregon 73
157-Logan x Himalaya

The following are named selections of, or in some cases possible hybrids wills, the
Oregon native blackberry. The chromosome numbers are indicated:

Asbahr (near Corvallis, Oregon), native selection
Cazadero (near Estacada Oregon), (12x), native selection
Hunter (near Yamhill, Oregon), (12x), native selection
Ideal (Santiai-n) (near Salem, Oregon) (8x), native selection
Johnson (near Florence Oregon), (8x5, probably cross wild r Logan
Starr (near Corvallis, Oregon), (6x?), possibly cross wild x Logan
Ware (Puyallup Washington), (56?), probably selection from wild
Zielinski (near alem, Oregon), (12x), selection from wild

The following are selections of the nativ,s California blackberry:
Arcata (near Humboldt Bay, California), (6x)
Branstetter I (pistillate), (near Capetown, California) (7)
Branstetter II (staminate), (near Capetown, Catifornia, (8x)
Clam Beach (north of Arcata, California)
Jenner.l (near Jenner, California), (8x), native selection
N. California (north of Eureka, California), native selection
Rohnerville (near Rohnervilte, California)
Trinidad (north of Eureka, California), native selection
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selections. Young, Black Logan, and Himalaya are also important
parents. The California native blackberry Jenner-1 and the eastern
upright Eldorado, though used in only one cross, gave a number of
promising seedlings, thus indicating their value as parents.

Figure 5. A. (top) Logan. B. (bottom) Zielinski, a selection of the
Oregon native blackberry. The Logan and Zieliñski have been used
extensively in breeding.
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The native trailing blackberries of the Pacific Coast region are
known for their excellent flavor. The high flavor of the Logan is
also well known, but its acidity detracts from its dessert quality.
The crossing of these two highly flavored types (Figure 5) seemed
most desirable and the excellence of the resulting seedlings confirmed
this. The Zielinski, a selection of the Oregon native blackberry,
found by B. C. Zielinski of Salem, Oregon, was the one most used
in crosses with Logan. Table 1 shows that 1,561 seedlings of this
cross were planted, and from these, 76 selections were made. Fur-
ther testing has shown that 11 were superior for canning and freez-
ing. Two have been named and introduced, the Pacific and the Cas-
cade, and both have been used extensively in breeding. Two others,
Oregon 605 and 616, though not named, have also been used con-
siderably in breeding. Serious weaknesses have appeared, however,
in the offspring when these varieties and the latter two selections

I

Figure 6. Fruit of Oregon 742 (Pacific x Boysen).
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were used as parents. Although excellent in flavor, many of the
seedlings have been too acid for best quality. Also their berries
were usually smaller than Logan and often too soft. The red color
of the Logan parent was also retained, to a lesser degree, but enough
to be objectionable. Because their softness and red color are not
desirable for canning and freezing, extensive further breeding with
Pacific, Cascade, Oregon 605 and 616 seems inadvisable.

Boysen has been crossed with selections of Zielinski x Logan
and has given large berry size and somewhat greater firmness along
with fine flavor. In general the undesirable red color and sometimes
the acidity appeared in such seedlings also. However, Oregon 742
(Pacific x Boysen) (Figure 6) and Oregon 789 (Oregon 605 x
Boysen) are selections which, over a number of years, show consid-
erable promise for canning and freezing. Oregon 743 (Pacific x
Boysen) has the largest and firmest berry of the selections so far
obtained, but it lacks plant vigor. Further crossings of the Boysen
with other varieties may be desirable although the deep red color of
Boysen, generally retained, is obj ectionable.

The Young was used extensively for a number of years after
it became a popular commercial berry. Results have been generally
disappointing, particularly in crosses with Logan. Of 1,137 seedlings
planted only one has shown promise for commercial purposes. Young
was also used with Ideal, Hunter, and Zielinski, all selections of the
native trailing blackberry; but none of their seedlings were of much
commercial value. Seedlings of Black Logan x Young were of
interest because of their large size and bright black color; their
flavor, however, was generally low. Olallie (Figure 7) of this cross,
has met with favor because of its large size and bright black color.
Its flavor, however, is not high, although apparently better in Cali-
fornia than in Oregon. This selection has been used extensively in
breeding and its characteristic bright black color appears in its seed-
lings. In crosses of Olallie with Chehalem, Johnson, and Cascade,
18 selections were made, all showing promise for freezing or canning.

The value of Himalaya as a parent was not recognized in the
earlier breeding. In crosses with Evergreen and the eastern upright
blackberries it gave very thorny seedlings of great plant vigor, but
not usually of high flavor. Brainerd, however, is a hybrid of
Himalaya x an Eastern variety and does have high flavor. Crosses
with Logan were also made and one selection had fruit with com-
mercial possibilities, but its vigor was not maintained. In 1937, 28
seedlings of the cross Ideal x Himalaya were planted and one selec-
tion was made in 1939. This selection was tested over a number of
years for canning and freezing and, because of its bright black color
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Figure 7. Olallie, a seedling of Black Logan x Young. The bright
black color of the fruit is characteristic of this cross.
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Figure 8. The Chehalem (Himalaya x Ideal), a new variety now on
trial for commercial purposes. The numerous long fruiting laterals
are characteristic of this variety.

15
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and good flavor, was introduced in 1947 as the Chehalem (Figure 8
and cover picture). Recent selections of Cascade x Himalaya and
Oregon 616 x Himalaya have good freezing qualities. Himalaya
hybrids may also be of value in further breeding, since the Chehalem
crossed with Olallie has given many promising seedlings. In this
cross there were 13 selections of value for freezing or canning
(See Table 1, page 10).

-I

Figure 9. Fruit cluster of a seedling of the California native black-
berry Jenner-1 x Eldorado. Bright black color of the berry is charac-
teristic of seedlings of this cross.
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The cross of the California native blackberry Jenner-1 (Figure
9) with the upright blackberry Eldorado has given selections that
are bright black in color and of excellent quality, especially for freez-
ing (Figure 10). Recent tests have shown that 7 selections out of
223 seedlings rated excellent for freezing. Larger progenies of this
and similar crosses are probably needed to evaluate fully the merit of
this type of cross. Seedlings of the California native blackberries
crossed with the tetraploid red raspberry LaFrance are of the Logan
type but are not of immediate value for processing, though they may
be of value in future breeding.

The crosses given in Table 1, where few or HO selections were
found of commercial va]ue, represent many different combinations
some of which are similar to those from which selections were made
having canning or freezing value. The majority, however, are quite
widely divergent in characteristics.

Figure 10. Fruit cluster of another seedling of Jenner-1 x Eldorado.
Productiveness has appeared in many seedlings of this cross.



Table 2. INHERITANCE OF SEX AND FERTILITY IN BLACKBERRY CROSSES
(Percentages based on number of plants that flowered.)

Chromosome number assumed (estimated) from that o( paren s and of sister plants.
5Esti,nate based on breeding behavior.

Cross
Genorns of

parents
Plants

examined

Plants
that

flowered

Flowers with functional stamens Pistillate flowers

Fully
fertile

Partially
sterile

Entirely
sterile

Fully
fertile

Partially
sterile

Entirely
sterile

Per cent Per Cent Per Cent Per cent Per cent Per cent
Zielinslsi x Oregon 118 12 x 9' 63 56 7.1 16.0 .37.5 0.0 34.0 5.4
Zielinski x Oregon 125 12 x 91 55 47 6.4 32.0 27.6 19.1 8.5 6.4
Z,el,nsk, x Oregon 126 12 x 9' 59 59 1.7 13.6 22.0 13.6 45.7 3.4
Cazadero x Oregon 828 12 x (12x (6x8)) 27 24 25.0 29.2 0.0 0.0 45.8 0.0
Hunter .v Oregon 793 12x (91 x 6) 178 172 20.9 23.3 8.7 20.3 26.2 0.6
Asbahr Oregon 793 12 x (91 x 6) 13S 135 3.7 30.4 16.3 0.0 47.4 2.2
Zielinski x Oregon 73 12 xl' 114 109 5.5 34.9 0.9 0.9 56.9 0.9
Zielinski .v Logan 12 x 6 400 373 24.6 24.4 4.3 30.3 15.3 1.1
Zielinski x Young lZx 6 393 360 IS.3 30.0 1.1 14.5 33.9 2.2
Hunter x Young 12 x 6 72 69 18.9 33.3 0.0 17.4 30.4 0.0
Logan x Ware 6 x 121 26 25 28.0 64.0 8.0 0.0 0.6 0.0
Johnson x Oregon 828 8 x (t2x(6x8)) 43 36 36.1 47.2 16.7 0.0 0.0 0.0
Oregon 217 .s Pacific 9' x 9 230 218 13.3 26.6 14.7 6.0 37.1 2.3
Oregon 217 x Oregon 73 F x 7' 30 21 9.5 47.6 4.8 4.8 33.3 0.0
Oregon 236 x Oregon 73 91 xl' 99 89 12.4 28.1 1.1 3.4 51.6 3.4
Jenner-1 x Johnson 82x 8 46 37 35.1. 2.7 16.3 35.1 10.8 0.0
Chehaleist x Oregon 828 6 x (12x (fix 8)) 96 88 5.7 90.9 3.4 0.0 0.0 0.0
Oregon 119 .x Logan 9' x 6 34 30 0.0 50.0 10.0 0.0 26.7 13.3
Oregon 130 x Logan 9' x 6 50 34 0.0 79.4 20.6 0.0 0.0 0.0
Oregon 2t7 x Boysen 9' x 6 176 151 .5.3 44.4 0.6 0.0 44.4 5.3
Oregon 236 x Logan 9'x 6 105 95 3.1 47.5 3.1 3.1 37.9 5.3
Oregon 605 x Boysen 9' x6 148 140 53.6 40.7 5.7 0.0 0.0 0.0
Cascade x Boysen 9 x 6 160 140 29.3 67.8 2.9 0.0 0.0 0.0
Pacific .v Boysen 9 x 6 290 264 24.2 73.5 2.3 0.0 0.0 0.0
Pacific x Logan Ox 6 120 75 0.0 53.3 46.7 0.0 0.0 0.0
Chehalem x Cascade 6 x 9 127 127 43.3 51.2 4.7 0.8 0.0 0.0
Logan x Oregon 126 6 x 9' 232 223 17.0 65.5 17.5 0.0 0.0 0.0
Logan r Oregon 123 fix 9' 60 47 4.3 63.8 31.9 0.0 0.0 0.0
Ideal x Young 8 x 6 66 66 47.0 28.8 24.2 0.0 0.0 0.0
Ideal x Logan Ox 6 154 140 4.3 63.5 32.2 0.0 0.0 0.0
Branstetter I z Logan 82 x 6 120 115 4.3 27.0 18.3 4.3 38.3 7.8
Logan x Austin Tl,ornless fix 8 32 32 31.3 62.5 6.2 0.0 0.0 0.0
Logan x Rohnerville 6 x 82 30 28 39.3 53.6 7.1 0.0 0.0 0.0
Logan x Branstetter II male 6 x 8' 180 162 6.2 35.8 13.6 0.6 32.7 11.1



Table 2 (Continued). INHERITANCE OF Sx AND FERTILITY IN BLACKBERRY CRossEs
(Percentages based on number of plants that flowered.)

1Cliromosone number assumed (estimated) from that of parents and of sister plants.
2Estimate based on breeding behavior.

Cross
Genoms of

parents
Plants

examined

Plants
that

flowered

Flowers with functional stamens Pistillate flowers

Fully
fertile

Partially
sterile

Entirely
sterile

Fully
fertile

Partially
sterile

Entirely
Sterile

Per cent Per cent Per cent Per cent Per cent Per cent
Cascade x Himalaya Ox 4 91 78 39.7 52.6 7.7 0.0 0.0 0.0
Oregon 616 x Himalaya cix 4 171 161 41.0 55.9 3.1 0.0 0.0 0.0
Oregon 73 z Boysen 71 x 6 34 27 0.0 88.9 11.1 0.0 0.0 0.0
Idea! x Himalaya 8 x 4 30 28 46.5 42.8 10.7 0.0 0.0 0.0
Lucretia .c Boysen 6 x 6 26 25 20.0 80.0 0.0 0.0 0.0 0.0
Logan x Young, - - 6 x 6 59 59 11.9 50.8 37.3 0.0 0.0 0.0
Logan x Lucretia 6 x 6 37 37 5.4 48.6 0.0 0.0 0.0 0.0
Chehalem z Oregon 266 6 x 4 118 117 0.9 84.6 14.5 0.0 0.0 0.0
Phenomenal x Himalaya 6 x 4 60 57 57.9 36.8 5.3 0.0 0.0 0.0.
Logan z Himalaya 6 x 4 194 152 40.8 42.1 17.1 0.0 0.0 0.0
Logan x Evergreen 6 x 4 67 56 16.0 62.5 21.5 0.0 0.0 0.0
Chehalem x Eldorado 6 x 4 365 357 0.0 89.6 10.4 0.0 0.0 0.0
Chehalem x R. canodeeisis
Others (chromosome number

one parent unknown)
of at least

6 x 3 124 119 0.0 6.7 93.3 0.0 0.0 0.0

Chehalem x Olallie 6 x (62 x 6) 248 242 93.0 6.2 0.8 0.0 0.0 0.0
Olallie x Johnson (6 x 6) x 8 38 36 75.0 22.2 2.8 0.0 0.0 0.0
Cascade .r Olallie Ox (6 x 6) 210 193 58.0 40.4 1.6 0.0 0.0 0.0
Johnson .c Olallie 8 x (6 x 6) 81 77 55.8 37.7 5.2 0.0 1.3 0.0
Black Logan x Young 6 x 6 344 310 32.3 58.1 8.7 0.3 0.6 0.0
Tenner-1 x Olallie 8 x (62 x 6) 67 66 15.2 34.8 0.0 7.6 40.9 1.5
N. California native x Logan 82x 6 61 58 5.2 31.0 12.1 1.7 39.6 10.4
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Problems in Breeding Blackberries
Many blackberry seedlings do not blossom, and many that blos-

som do not set fruit or the berry is poorly shaped due to insufficient
pollination or partial sterility. All the principal crosses of which
sterility records have been taken are listed in Table 2. This table is
arranged to include the sex record of the seedlings from the differ-
ent crosses and the chromosome number or probable chromosome
number of the parents.

The inheritance of sex must be considered in breeding work with
the western native blackberries, since the functional sex organs are
borne on different plants. The pistillate or female plant produces
blossoms which have pistils capable of developing into fruit but have
no functional stamens and hence no pollen (Figure 11B). The male
or staminate plant produces a large, showy flower but the pistils do
not function and no fruit develops (Figure hA). Such plants
function as males only, producing abundant pollen; when plenty of
pollen is available from such plants the pistillate blossoms of the
female plant set fruit readily. Some plants have been found that
produce blossoms in which all flower parts are present and functional,
and most of the named varieties of trailing berries are of this kind.

One objective in breeding is to obtain varieties that are as per-
fect-flowered and fertile as those now commercially grown. Such
types eliminate the need for non-bearing pollenizing plants. The
frequency with which fertile, perfect-flowered and sterile staminate
plants occur in the progeny of crosses is an important consideration
in determining the value of a cross. The record for inheritance-of-
sex is therefore combined with the record for sterility in Table 2.

Seedlings possessing anthers which produce pollen and pistils,
which may not have been fully developed in the flowers, are listed
as flowers with functional stamens and are mentioned as perfect-
flowered, and those which produce no pollen but have apparently
functional pistils as pistillate. Under each of these headings are
those showing no sterility, partial sterility, and total sterility.

The results given in Table 2 show that considerable sterility re-
sulted in most crosses. Some crosses, however, gave fairly high
percentages of perfect-flowered fertile seedlings.

The ten crosses with the highest percentages of perfect-flowered
fertile seedlings are as follows

Chehalem x Olallie Oregon 605 z Boysen
Olallie x Johnson Ideal x Young
Phenomenal x Himalaya Ideal x Himalaya
Cascade x Olallie Chehalem x Cascade
Johnson x Olallie Oregon 616 z Himalaya



21

Figure 11. A. (top). Staminate or male flower. B. Pistillate or female
flower. Staminate and pistillate flowers on separate plants are char-
acteristic of the western native blackberries.
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These ten crosses are largely between such selections and varie-
ties as Olallie, Himalaya, Cascade, Johnson, Ideal, and Chehalem.
Oregon 605 and 616 may also be included. Cascade and Oregon 605
and 616 are seedlings of the cross Zielinski z Logan, and there is
evidence that Johnson may also be a native blackberry x Logan seed-
ling. The relatively large numbers of fertile seedlings from these
crosses indicate considerable compatibility from crossing hybrids
between the native blackberry and Logan with both Olallie and
Himalaya.

Crosses in which the seedlings were mostly sterile include many
backcrosses of selections of Zielinski x Logan both to Logan and to
Zielinski. Seedlings of Chehalem crossed with the eastern upright
blackberries Eldorado, R. canadensis, and Oregon 266 (Eldorado x
Himalaya), also were relatively sterile. Some of the native western
blackberries in certain crosses, particularly with Logan, gave high
percentages of sterile seedlings.

Pistillate seedlings occurred in all crosses where a native pistillate
blackberry was used. These include Zielinski, Jenner-1, Cazadero,
Hunter, Northern California native, Branstetter I, and Asbahr. Bran-
stetter II, a staminate, was the only native selection used as a male
parent and in the cross Logan x Branstetter II, 44.4 per cent of the
seedlings were pistillate and 55.6 per cent perfect-flowered, of which
14 per cent were entirely sterile like the male parent. Approximately
equal numbers of perfect-flowered and pistillate seedlings were ob-
tained in crosses between a pistillate parent and a perfect-flowered
parent. Perfect-flowered seedlings from such crosses are.homozy-
gous recessives and give approximately 1 : 1 ratio. Where pistillate
seedlings appeared, the amount of sterility in the pistillate seedlings
was usually somewhat less than that in the perfect-flowered seedlings.

Pistillate selections of the native western blackberries have gen-
erally been used in crossing, for the fruit type can only be determined
in the pistillate plants. Because such crosses produce approximately
as many pistillate seedlings as perfect-flowered, relatively few seed-
lings are obtained that are perfect-flowered and fully fertile. Rela-
tively high percentages of fertile, perfect-flowered seedlings were
found in the following crosses:

Zielinski x Logan 23.0 per cent

Hunter z Oregon 793 20.2 per cent

Hunter z Young 18.0 per cent

Zielinski x Young 16.8 per cent

Jenner-1 z Olallie 14.9 per cent



BREEDING BLACKBERRIES 23

Chromosome Number and FerFHify

A major concern in breeding blackberries is the chromosome
number of the different varieties and species, since this may have an
important influence on fertility. In general, the somatic chromosome
numbers of the native California blackberries are 42 and 56, and
that of the.native Oregon and Washington wild blackberry is 84,
these being multiples of 7, the basic number for 1 set of chromo-
somes. The chromosome number of the Chehalem, Logan, Boysen,
and Yoting is 42, of the Cascade 63, of Zielinski 84, and of Himalaya
and Evergreen 28. In eastern states most erect-growing blackber-
ries have 28 or 14 chromosomes. In general, crosses between varie-
ties or species with different chromosome numbers are relatively less
fertile than between those with the same number. Also, crosses
between those with different numbers but which should result in
progenies with even numbers are likely to give larger numbers of
fertile seedlings than crosses resulting in progenies with odd num-
bers. Furthermore, crosses between varieties with low chromosome
numbers that result in progenies with odd numbers are less likely
to result in fertile seedlings than similar odd number crosses with
high numbers or than crosses between low-chromosome varieties
that result in even numbers. Seedlings from crosses between varie-
ties having a similar chromosome number and belonging to the same
species are usually fully fertile. Nearly every variety grown in
Oregon, however, has two or more different species in its parentage
and crosses between varieties arc more or less sterile, possibly because
of different sources of chromosome sets as well as because of differ-
ent chromosome numbers. Thus blackberry breeding is extremely
complicated.

In 1940 the Pacific and Cascade varieties were intro.duced as
productive seedlings of Zielinski x Logan. Each of these two varie-
ties has 9 sets of 7 chromosomes, or 63 in all, and yet they produce
satisfactory crops. They were derived from a selection of the Oregon
native crossed with Logan, the latter a hybrid of a California species
crossed with a red raspberry; hence, they were derived from 3
species, each with a different chromosome number. In 1947 the
Chehalem variety was introduced. It has 6 sets of chromosomes, 4
sets from the native Ideal and 2 from the Himalaya.

In Table 2 the crosses are listed by chromosome numbers of the
parents so far as the number is known. Crosses between varieties
with the highest numbers are listed 6rst and those with lower num-
bers in sequence in the Table.

Records were taken on 400 seedlings of the cross Zielinski x
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Figure 12. Seedling plants of the California native blackberry Jenner-2
x LaFrarice raspberry. These large plants are classed as vigorous.

Logan from which the Cascade and Pacific were derived. About 55
per cent of the seedlings of this cross, with an expected chromosome
number of 63, were fully fertile and only about 5 per cent entirely
sterile. Another cross, Zielinski x Young, with parents having the
same chromosome numbers as the previous cross, had about 33 per
cent fully fertile seedlings ; the remainder were infertile in varying
degrees. When a cross was made between varieties with 6 and 8
sets respectively, a circumstance which would result in 7 sets in the
progeny, the fertility of the seedlings of 6 different crosses was more
variable. From 6.8 to 47.0 per cent were fully fertile. In the S
crosses between varieties having 6 and 4 sets respectively, which
should give 5 sets in the progeny, the fertility in the different seed-
lings was still more variable; 0 to 57.9 per cent being fully fertile.
In one cross, Ideal z Himalaya, where an even number of 4 from
one parent and 2 from the other (total 6 sets) were expected in the
progeny, the numbers of fully fertile seedlings was 46.5 per cent. In
3 crosses where the number for both parents was even (6 sets), the
fertility was relatively low, 5.4 for Logan x Lucretia, 11.9 for Logan
x Young, and 20.0 per cent for Lucretia z Boysen. In crosses be-
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F

Figure 13. Seedling plants of the Oregon native blackberry Hunter x
Oregon 793. These average-size plants are classed as medium vigorous.

tween hybrids having odd numbers, or between those with even and
with odd numbers, the fertility has been fully as variable, several
crosses resulting in no fertile seedlings. It seems that yet only
trial and error will indicate the most promising crosses and the
crosses that give the largest percentage of fully fertile seedlings.

Plo nf Vgor
To be productive, blackberry plants must have a certain degree

of vigor, that is, they should produce enough canes of sufficient
length and diameter to produce a good yield. In order to evaluate
the vigor of the parental material, records have been made of the
size of plants composing the different seedling groups. A classifica-
tion of the plant vigor in the progeny of various crosses is given in
Table 3. Seedlings classed as "vigorous" (Figure 12) are those
having vigor equal to or greater than such vigorously growing varie-
ties as Boysen, Logan, and Young. The "medium" classification
includes those plants similar in growth to the average plant of the
above-mentioned varieties (Figure 13). The "weak" are those below
average in length, diameter, and number of canes.
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The "dwarf" classification in blackberries is significant, for in
many crosses dwarfs occur among the seedlings. Dwarfs have very
short canes, very short internodes, leaves often small or curled, and
sometimes mottled. Such seedlings were sometimes eliminated if
noticed before planting, so that records taken do not indicate fully
the proportion of dwarfs produced.

The crosses in Table 3 are arranged in order, from those having
the highest percentage of vigorous plants to the ones with the lowest.
There is some variation in the percentages of medium, weak, and

Table 3. PLANT VIGos OF SEEDLINGS OF BLACCBERRY CROSSES

Total
number

Cross of plants Vigorous Medium Weak Dwarf

Per cent Per cent Per cent Per cent
Chehalem z Eldorado 368 75.8 16.3 1.6 6.3
Chehalem x Oregon 266 118 59.3 24.6 13.6 2.5
Chehalem .r Olallie 233 55.8 27.0 13.3 3.9
Oregon 217 .r Pacific 116 46.6 42.2 9.5 1.7
Jenner-1 a Olallie 70 45.7 35.7 14.3 4.3
Chehalem a R. cansriens,s 124 43.6 44.3 11.3 0.8
Chehalein a Oregon 828 93 41.0 49.5 8.6 0.0
Cascade a Olallic 217 40.6 30.6 18.0 1.8
Oregon 217 a Boysen 179 39.1 26.8 25.1 9.0
Oregon 616 .v Himalaya 177 38.4 40.1 14.7 6.8
N. California native a Logan 60 35.0 21.7 43.3 0.0
Zielin.ski a Oregon 73 126 34.1 30.2 32.5 1.2
Branstetter I a Logan 155 32.2 33.6 33.6 0.6
Asbahr a Oregon 793 134 32.1 57.5 9.7 0.7
Pacific a Boysen 293 30.0 47.8 18.4 3.S
Johnson a Oregon 828 47 29.8 46.8 21.3 2.1
Cascade a Himalaya 98 29.6 42.0 22.4 5.1
L.ogan a Branstetter II 183 20.0 40.4 30.6 0.0
Logan a Oregon 126 235 27.7 39.6 32.3 0.4
Lucretia a Boysen 29 27.6 24.1 48.5 0.0
Chehalein a Cascade 133 27.1 61.6 8.1 3.0
Hunter .r Oregon 793 178 26.4 62.4 11.2
Hunter .r Young 80 26.2 53.7 18.8 1.3
Oregon 217 a Oregon 73 31 25.8 19.4 38.7 16.1
Zlelinski .r Logan 400 24.0 42.5 33.0 0.5
Logan a Evergreen 138 23.2 26.8 43.5 6.5
Oregon 157 a Boysen 26 23.1 19.2 38.5 19.2
Oregon 236 a Logan 287 23.0 21.6 45.3 10.1
Oregon 236 a Oregon 73 27 22.2 33.3 37.1 7.4
Phenomenal .e Himalaya 87 20.7 27.6 50.6 1.1
Logan a Himalaya 189 20.1 21.2 48.1 10.6
Olallie a Johnson 40 20.0 67.5 12.5 0.0
Pacific a Logan 129 18.6 33.3 29.5 18.6
Pacific selfed 61 18.0 60.7 11.5 9.8
Black Logan a Young 367 17.7 24.8 53.4 4,1
Logan a Ware 26 15.4 42.3 42.3 0.0
Zielinslsi x Young 393 14.8 36.1 48.8 0.3
Zielinski a Oregon 126 61 14.8 57.7 47.5 0.0
Ideal a Logan 154 13.6 31.0 54.5 0.0
Oregon 73 a Boysen 36 12.9 41.7 44.4 0.0
Arcata a Young 37 13.5 35.2 40.5 10.8
T.ogan .c Ideal 40 12.5 37.5 50.0 0.0
Logan a Oregon 123 72 9.7 27.8 56.9 5.6
Oregon 119 .c Logan 145 9.0 28.3 43.4 19.3
Trinidad a Logan 47 8.5 17.0 74.5 0.0
Johnson a Olallie 103 7.8 54.4 33.0 4.8
Oregon 209 selfed 67 7.5 46.3 29.8 16.4
Oregon 130 a Logan 52 3.9 21.1 65.4 9.6
Oregon 246 selfed 30 3.3 53.4 40.0 3.3



BREEDING BLACKBERRIES 27

dwarf plants, but the crosses with the highest percentages of vigorous
plants generally had low percentages of weak or dwarf plants.
Crosses with relatively few vigorous plants generally had relatively
niany weak and dwarf plants.

There were 13 different parents represented in the 10 crosses
with the highest percentages of vigorous seedlings. Chehalem ap-
peared 5 times; Olallie, 3 times; Oregon 217, 2 times; and the others,
Boysen, Cascade, Eldorado, Himalaya, Jenner-1, Pacific, Rubus ccina-
densis, Oregon 266, Oregon 616, and Oregon 828 once each.

An analysis of the parents used in these 10 crosses shows that
the native trailing blackberry of Oregon is the most important parent.
It is followed by Himalaya, Logan, Rubus ca.nadensis, (an eastern
upright species), Black Logan, and Young.

From a few crosses there was a relatively high percentage of
plants of medium vigor with but relatively few weak or dwarf plants.
These should be given special consideration and are the following:

Asbahr x Oregon 793 Olallie x Johnson
Chehalem z Cascade Hunter x Young
Hunter x Oregon 793

The parents in these crosses are largely of Oregon native black-
berry origin, which further indicates that this blackberry is a source
of average vigor or better.

The 15 crosses giving the lowest percentage of vigorous plants
include 10 that are either backcrosses of native blackberry x Logan
to either parent or crosses between the native blackberry and Logan.
In contrast the 15 crosses giving the most vigorous plants include no
backcrosses and only two crosses between native blackberries and
Logan. The crosses of intermediate vigor are of a miscellaneous
nature, but the parents used were derived largely from Logan and the
native trailing blackberry. Only two backcrosses, Logan x Oregon
126 and Oregon 236 x Logan were included in this latter group.

Leaf-Spot Ressfance
The common leaf spot seriously affects the trailing blackberries

such as Logan, Young, and Boysen and is especially severe on the
native western trailing blackberries. This disease is caused by the
fungus Mycosphoerelia rubi and appears as brown spots (measuring
about one-eighth inch in diameter) on the leaves. Similar spots also
appear on the canes. Severe infections of this fungus materially
affect vigor and productiveness of plant and quality of fruit. Control
measures by spraying or dusting are usually necessary for high pro-
duction of fruit on varieties such as Boysen and Logan.
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A knowledge of the inheritance of resistance to the leaf spot
disease is important in order to obtain new highly resistant varieties.
Records of the presence of leaf spot on seedlings of most crosses
have been made. Four degrees of resistance have been used in
measuring the amount of leaf spot on seedlings as shown in Table 4.
The degrees of resistance are as follows:

1. Highly resistant, only an occasional spot present.
2 Leaf spots easily seen, but not considered numerous.

Leaf spots generally numerous, but no serious injury
present.
Leaf spots numerous with notable injury, such as por-
tions or entire leaves dying or dropping off.

The records taken are given in Table 4 and the crosses are
grouped according to the principal parents used. The group with the
least amount of leaf spot on the seedlings comprise crosses between
European type of blackberry and the Logan or Phenomenal. The
next group is made up of those with Boysen as a parent; and the
third group, of those with one parent either Logan or Phenomenal or
a cross of Logan. The native western blackberries are the parents of
those which make up the fourth group. Branstetter seems to transmit
greater resistance than the other native parents. The cross (Oregon
217 z Pacific, both parents of which are from the cross of Zielinski
z Logan, has given many resistant seedlings. The fifth group in-
cludes but one cross, Lucretia z Boysen, the Lucretia being an eastern
dewberry. The sixth or most susceptible group consists of seedlings
of the Young crossed with the western native blackberries.

Winfer Injury
Oregon winters have not been severe enough throughout most

of the period during which blackberry breeding has been carried on
to cause any considerable damage to blackberry seedlings. Records
are available for only two damaging winters; those of 1936-37 and
of 1940-41. The notes on winter injury given in Table 5-A for
1936-37 were taken on May 6, 1937, after new growth was well
started. The injury noted seemed to be the result of a combination
of causes. A severe drought occurred during the autumn of 1936,
which was not broken until early December. Low temperatures
occurred in early November and at other times during the winter.
Heavy rains in late winter caused high water table in early spring.
These adverse weather conditions were preceded by a very favorable
growing season during the early summer of 1936.
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Grouped according to parental material.
f Degree of leaf spot infection, rated I to 4. 1 = highly resistant, 4 = highly sus.

ceptible.

Table 4. BREEDING BEHAVIOR OF LEAF-SPOT RESISTANCE IN BLACKBESRY
CROSSES*

Cross

Number
of

plants

Degree of resistancef

1 2 3 4

Per cent Per cent Per cent Per cent
Group one-European blackberry

Phenomenal .r Himalaya 23 47.8 21.8 30.4
Logan .v Evergreen 38 55.3 31.6 13.1
Logan .r Himalaya 66 27.3 30.3 24.2 18.2

Total and average per cross 127 43.5 27.9 22.6 6.0

Group two-Boysen
Oregon 157 x Boysen 23 39.1 34.8 21.7 4.4
Oregon 605 x Boysen 119 21.9 51.3 26.0 0.8
Oregon 217 x Boysen 163 21.5 43.0 30.0 5.5
Oregon 73 x Boysen 35 11.4 37.2 40.0 11.4
Cascade s Boysen 153 9.2 39.2 40.5 11.1
Lucretia a Boysen 24 4.2 20.8 58.3 16.7

Total and average per cross 517 17.9 37.7 36.1 8.3

Group three-Logan
Logan x Evergreen 38 55.3 31.6 13.1 0.0
Phenomenal x Himalaya 23 47.8 21.8 30.4 0.0
Branstetter x Logan 32 34.4 50.0 15.6
Logan x Himalaya 66 27.3 30.3 24.2 18.2
Oregon 217 v Pacific 107 22.4 48.6 23.4 5.6
Oregon 119 .v Logan 126 19.9 31.7 31.7 16.7
N. California .v Logan 58 15.5 20.7 24.1 39.7
Pacific .v Logan 129 13.2 17.8 27.1 41.9
Oregon 236 .v Logan 244 17.6 30.8 31.1 20.5
Oregon 236 x Oregon 73 158 10.8 34.8 34.2 20.2
Oregon 217 x Oregon 73 30 10.0 46.7 36.7 6.6
Logan z Ideal 21 9.5 4.8 19.0 66.7
Trinidad e Logan 41 2.4 19.5 43.9 34.2

Total and average per cross 1,073 22.0 22.9 27.3 20.8

Group four-native blackberries
Branstetter I .r Logan 32 34.4 50.0 15.6 0.0
Oregon 217 x PacifIc 107 22.4 48.6 23.4 5.6
N. California x Logan 58 15.5 20.7 24.1 39.7
Logan x Ideal 21 9.5 4.8 19.0 66.7
Zielinski x Oregon 73 167 3.6 31.7 44.3 20.4
Trinidad v Logan 41 2.4 18.5 43.9 34.2
Arcata z Young 34 0.0 20.6 29.4 50.0
Hunter r Young 40 0.0 2.5 22.b 75.0
Clam Beach x Young 20 0.0 5.0 5.0 90.0
Branstetter I r Young 15 0.0 13.3 b3.4 33.3

Total and average per cross 535 8.8 21.7 28.0 41.5

Group jlve-Lucretia
Lucretia .v Boysen 24 4.2 20.8 oS.3 16.7

Group six-Youngberry
Arcata x Young 34 0.0 20.6 29.4 50.0
Hunter x Young 40 0.0 2.5 22.a 75.0
Clam Beach z Young 20 0.0 5.0 5.0 90.0
Branstetler I .e Young 15 0.0 13.3 53.4 33.3

Total and average per cross 109 0.0 10.3 27.6 62.1
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The record for the winter of 1940-41 given in Table 5-B was
taken on April 23, 1941. That winter was considered a mild one and
no winter injury was expected. The summer of 1940 had been dry
and irrigation along with a heavy rain in late August caused growth
to continue late into the fall. Frosts at various times during the
winter accounted for the injury.

Table 5-A shows that for 1936-37 two backcrosses of selections
of the native blackberry and Logan, one to Logan and one to Zielin-
ski, had the least winter injury. Crosses of varieties of native black-
berries with Logan and Young showed varying amounts of injury.
The record in Table 5-B shows varying amounts of injury in seed-
lings of Boysen crossed with several selections. These selections
are largely of Zielinski x Logan parentages. The same variations
were noted where Oregon 73 was used. It should be remembered
that the Aughinbaugh parent of the Logan was selected near San
Francisco and may have been much less hardy than the Zielinski and
other native blackberry selections of Oregon.

These results are variable, but they indicate that most seedlings
with one parent a native blackberry are fairly winter-hardy under
normal weather conditions in western Oregon. Severe winter injury
(Figure 14) to some seedlings must be expected at times, since low

Table 5. WINTER INJURY IN BLACKBERRY SEEDLINGS, CORVALLtS, OREGON

cross

Number
of

plants
Moderate
injury

Badly
injured

Total
with
injury

A-Winter of 1936-37
Per cent Per cent Per cent

Oregon 130 x Logan 37 2.7 2.7 5.4
Zielinski x Oregon 126 22 4.5 4-5 9.0
Zieliuski x Young 183 6.0 4.4 10.4
Zielinski z Logan
Ideal x Young

136
79

9.5
12.6

3.7
3-s

13.2
16.4

Branstetter z Logan 69 10.1 8.7 .18.8
Logan .e Oregon 126 66 9.1 10.6 19.7
Logan x Austin Thorniess 43 13.9 9.3 23.2
Young, open-pollinated 20 20.0 5.0 25.0
Zielinski x Austin Thornless 11.1 22.2 33.3
Black Logan x Young 94 11.7 24.4 36.1
Ideal .c Logan 100 15.0 250 40.0
Logan x Lucretia 143 19.5 29.4 48.9
Logan x Young 228 24.1 27.6 51.7

B-Wiister of 1940-41
Lucretia x Boysen 28 3.6 0.0 3.6
Pacific x Boysen 191 2.6 1.0 3.6
Oregon 157 x Boysen 28 3.7 0.0 3.7
Oregon 209, selfed 64 6.3 0.0 6.3
Oregon 73 x Boysen 37 8-i 0.0 8.1
Oregon 242, selfed 12 8.3 0.0 8.3
Oregon 126, selfed 28 14.3 0.0 14.3
Oregon 217 x Oregon 73 30 13.3 3.3 16.6
Logan x Ware 26 15.4 3.8 19.2
Oregon 236 x Oregon 73 27 11.1 11.1 22.2
Oregon 217 Boysen 185 17.3 7.1 24.4
Zielinski .r Oregon 73 129 14.7 14.7 29.4



Figure 14. Most blackberry seedlings show little or no injury from
average winter temperatures. Severe winters may kill canes as shown.
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Table 6. FLOWER FERTILITY AND STERILITY OF SEEDLINGS OF ZIELINSKI x LOGAN AND OF BACKCROSSES, SIB-CROSSES, AND SELFED
SEEDLINGS

Cross

Number
of

plants

Perfect-flowered Pistillate

Fully
fertile

Partially
sterile

Entirely
sterile

Fully
fertile

Partially
sterile

Entirety
Sterile

Per cent Per cent Per cent Per cent Per cent Per cent
Zielinski x Logan 400 24.6 24.4 4.3 30.3 15.3 1.1

Sib-cross
Oregon 217 o Pacific 230 13.3 26.6 14.7 6.0 37.1 2.3

Backcross to Logan
Oregon 119 x Logan 34 0.0 50.0 10.0 0.0 26.7 13.3
Oregon 130 x Logan 50 0.0 79.4 20.6 0.0 0.0 0.0
Oregon 236 Logan 105 31 47.5 31 3.1 37.9 5.3
Pacific x Logan 120 0.0 53.3 46.7 0.0 0.0 0.0
Logan x Oregon 123 60 4.3 63.8 31.9 0.0 0.0 0.0
Logan v Oregon 126 232 17.0 65.5 17.5 0.0 0.0 0.0

Total and average per cross 601 4.1 59.9 21.6 0.5 10.8 3.1

Backcross to Zielinski
Zieliuski x Oregon 118 63 7.1 16.0 37.5 0.0 34.0 5.4
Zielinski x Oregon 125 55 6.4 32.0 27.6 19.1 8.5 6.4
Zieliuski x Oregon 126 59 1.7 13.6 22.0 13.6 45.7 3.4

Total and average per cross 177 5.1 20.5 29.0 10.9 29.4 5.1

Selfed
Oregon 126 78 6.9 76.4 16.7
Oregon 209 63 8.9 73.2 17.9
Oregon 210 32 0.0 52.6 47.4
Oregon 246 26 5.8 70.6 23.6
Pacific 87 9.2 55.4 35.4

Total and average per cross 286 6.2 65.6 28.2



temperatures occur occasionally. Growing conditions and condition
of the plant, as well as the temperature, also influence the amount of
injury. Hardiness, therefore, is difficult to determine, but must be
considered since those seedlings most severely injured would be
unreliable.

Backcrossing, Sib-crossing, and Selfing
Plant b-eeders often find it advantageous to make crosses be-

tween closely related individuals in order to get a better understanding
of the breeding possibilities of an individual or those closely related.
Backcrossing, sib-crossing, and selling are methods used for this
purpose and have been used to a limited extent with seedlings of
Zielinski z Logan.

The effect on sterility when these methods were employed is
given in Table 6, in comparison with the original cross Zielinslci x
Logan. The sib-cross (Oregon 217 x Pacific) resulted in more
sterile seedlings than from the original cross or the backcrosses; and
seedlings resulting from selfing generally show more sterility than
those resulting from sib-crossing. There was no cross equal to the
original cross (Zielinski x Logan) in the percentage of perfect-
flowered, fully fertile seedlings.

Records for plant vigor are given in Table 7. In this table the
sib-cross, (Oregon 217 x Pacific), shows a greater number of seed-
lings having plant vigor than the original cross, there being a higher

Table 7. PLANT VIGOR OF SEEDLINGS OF ZTIZLINSKI x LOGAN AND OF BAcK-

cROssES, Srn-cicosss, AND SELFED SEEDLINGS

Cross
Total I

plants Vigorous Medium Weak Dwarf

Per cent Per cent Per cent Per cent
Zielinski .r Logan 400 24.0 42.5 33.0 0.5

Ssb-cross
Oregon 217 x Pacific 116 46.6 42.2 9.5 1.7

Backcross to Logan
Oregon 236 x Logan 287 23.0 21.6 45.3 10.1
Oregon 119 x Logan 145 9.0 28.3 43.4 19.3
Oregon 130 x Logan 52 3.9 21.1 65.4 9.6
Pacific x Logan 129 15.6 33.8 29.5 18.6
Logan x Oregon 126 235 27.7 39.6 32.3 0.4
Logan x Oregon 123 72 9.7 27.8 56.9 5.6

Total and average per cross 920 15.3 25.6 45.5 10.6
Backcro.ts to Zielin.cks

Zielinski x Oregon 126 61 14.8 37.7 47.5 0.0
Self ed

Pacific selfed 61 18.0 60.7 11.5 9.8
Oregon 209 selfed 67 7.5 46.3 29.8 16.4
Oregon 246 soIled 30 3.3 53.4. 40.0 3.1

Total and average per cross 158 9.6 53.5 27.1 9.8
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percentage of very vigorous plants and a low percentage of weak
plants. In backcrosses to Logan, Oregon 236 x Logan equalled, and
Logan x Oregon 126 exceeded, the original cross Zielinski x Logan
in percentage of highly vigorous plants. The other backcrosses had
lower percentages of vigorous progeny. From all backcrosses came
relatively high percentages of weak plants, and from some of them
dwarf plants. The selfed seedlings of Pacific were much more
vigorous than self ed seedlings of Oregon 209 or Oregon 246. The
average of the three showed a somewhat lower percentage of vigor-
ous and of weak plants than the backcrosses but a higher percentage
of medium plants.

Discusskn
The extensiveness of blackberry growing in the Pacific North-

west is evidence of the adaptability of the trailing type berries to
Pacific Northwest conditions. The present important varieties may
be replaced if other varieties better suited to the needs of the industry
can be obtained. Since two of the most widely grown varieties,
Logan and Boysen, originated in the Pacific Coast States and the
third, the Young, has the Phenomenal, a sister type or a seedling of
Logan, as one parent, it seems probable that the most adaptable new
varieties may also come from this region and from similar parentage.

New varieties selected for their processing qualities should aid
in the development of this industry in the Pacific Northwest. Studies
in the freezing of different blackberry types have shown that berries
that are bright black in color, firm, and of good size and quality are
much more attractive than the softer, smaller types with red color.
Should there appear more suitable varieties for processing, an in-
crease in production would ultimately come as a result of greater
consumer demand. New blackberry varieties resulting from breeding
have been obtained by several workers. Parental material is now
available which seems to have the desirable characteristics needed and
is capable of transmitting the qualities to new varieties.

The western native blackberries, both in Oregon and in Cali-
fornia, are notable sources of fruit of dessert quality, as well as of
plant vigor. Large populations from which to select seem necessary
when the native blackberry is used as one parent, because many
seedlings may show varying degrees of sterility, many are highly
susceptible to leaf spot, and about one-half of them when one parent
is pistillate will probably be pistillate. The crosses in the past have
largely been with Logan and Young, and in such crosses many good
qualities for processing have appeared. Crosses with other varieties
may also be expected to give similar desirable qualities.
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The selections from crosses between varieties of the native
Oregon blackberry and Iogan have been rather successfully used in
crosses with other varieties. Crosses between black-fruited types
and the native western blackberry may also be expected to give
qualities similar to those obtained from crossing with Logan. Should
flavor be lacking, it may be necessary to use Logan or some of the
selections resulting from crossing the western blackberries and the
tetraploid red raspberry LaFrance. Some of these selections show
less red color in progenies than does the Logan.

The bright black color so desirable in berries for freezing has
been obtained not only from the western native blackberries but also
from European types, such as Himalaya, from the eastern upright
blackberries, and from the trailing types (dewberries). The work
in Oregon has shown that the European and eastern upright varieties
are promising as parents. Their use in breeding has not been fully
appreciated, and further study of methods and varieties to use is
necessary.

Size of berry has been given considerable emphasis, particularly
by growers, since ease and cost of picking favor the larger fiuit.
Processors of berries are partial to the medium size since they can
be more easily handled. Small-sized berries are; of course, always
objectionable. The native western blackberries are normally too
small and need to be crossed with other types in order to increase
their size. European and eastern upright varieties are normally
somewhat larger than the western natives.

Crosses between widely different types may result in larger
size than that of either parent. This characteristic, termed hybrid
vigor, may account for the larger size of Logan than of its reputed
parents. Many selected hybrids of the native blackberries of Cali-
fornia crossed with the tetraploid red raspberry LaFrance have
berries larger than either parent. The origin of the Boysen is not
known, but the large size of its fruit, as well as its resemblance to
Young, indicates that it is of hybrid origin similar to that of the
Young. This large fruit size has been transmitted to many of its
seedlings. Oregon 743 (Pacific x Boysen) is a selection that has
averaged larger in size and far firmer than Boysen.

Plant vigor, so essential in maintaining yields, has been obtained
in most crosses. There are some, however, in which the appearance
of dwarf and weak plants is more frequent than in others. The
western native blackberries have certain plant characteristics that are
very desirable. These are long canes, pliable enough to be handled
without breaking, and prickles of medium length. The stout, long
prickles of the Himalaya and the eastern upright blackberries are
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very objectionable; but the prickles of the seedlings of crosses be-
tween these and the western native blackberries are less objectionable.

The use of breeding methods in obtaining new varieties of seed-
propagated plants has little application in blackberry breeding. The
blackberries are vegetatively propagated, usually by layering the tips
of the canes. If the right parents can be used, the objective in
breeding can, therefore, be more quickly attained than in breeding
plants propagated by seed. Through vegetative propagation, a
selection having the desired characteristics can be maintained in-
definitely. Backcrossing and selling seem to result in a decrease in
plant vigor and increase in sterility. Sib-crossing, which has been
little used, may have some advantages. It has given fairly good
results in limited tests.
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Summary
The climatic conditions of Oregon favor the growing of trailing
berries.
The processing of berries by canning and freezing is an im-
portant industry in Oregon.
Further expansion of this industry is dependent on obtaining
more satisfactory varieties, since present varieties are not en-
tirely satisfactory for processing.
Selections suitable for canning and freezing have been obtained
by breeding.
Sources of desirable characteristics in processing berries are as
follows

High flavorfrom the Logan and the western native trail-
ing blackberries.

Bright black colorfrom the Himalaya, Black Logan, east-
ern upright types and western native trailing blackberries.

Berry sizefrom Boysen and its seedlings.
Sterility was found to be an important factor in blackberry
breeding. Its relation to chromosome numbers was not con-
sistent.
Sex inheritance was a factor in the use of the western native
blackberries as parents. When a pistillate parent was used the
progeny were pislillate and staminate or perfect-flowered in a
1 1 ratio.
Plant vigor was obtained from various sources, particularly from
the European types and the western native trailing blackberries.
Leaf spot resistance appeared to be obtained from the European
blackberries and the Boysen. Susceptibility to leaf spot was most
prevalent in seedlings from the western native blackberries, the
Lucretia (dewberry), and the Young.

10, Hardiness to withstand the average winter was obtained from all
sources. Even in the severest winters most seedlings of the
western native blackberries were hardy.
Sib-crossing among seedlings of Zielinski x Logan gave more
fertile seedlings than backcrossing or selfing but fertility by this
method was not equal to the original cross.
Sib-crossed seedlings of Zielinski x Logan produced more vigor-
ous progeny than in the original cross. Much less vigor was
obtained through backcrossing and selling.
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