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1969 Fred W. Anderson, Calif. Breed-
ing nectarines, peach, plum,
almond.

John H. Weinberger, California.
Breeding peach, apricot, plum.

Leif Verner, Idaho. Posthumous.
Breeding, training, thinning,
water relations.

USDA. Development of virus-
free strawberries.

1964 Frank P. Cullinan, USDA. Ad-
ministration, peach breeding &
physiology.

1966 Laurence H. MacDaniel, Cor-
nell. Pollination, fruit anato-
my and morphology.

Howard B. Frost, Calif. Citrus
breeding and cytogenetics.

1968 Reid M. Brooks, Calif. Posthu-
mous. Flower & fruit mor-
phology. New Fruit Register.

George L. Slate, N.Y. Breeding
strawberry, raspberry, black-
berry.

1970 Joseph R. Furr, Calif. Breeding
& water relations of citrus.

George D. Oberle, Va. Breeding
peach, nectarine, apple, grape.-

George F. Waldo, Ore. Breeding
strawberry, blackberry, red
raspberry.1971 

No recipients.

1972 Paul C. Stark. Leading role in
discovery and introduction of
Golden Delicious apple; de-
velopment of other new fruit
varieties.

1973 Oliver A. Bradt. Breeding of
Apricot, peach and grape.

Relationships Between Fruit Size and Seed Number and
Size In Blackberries1

J. N. MOORE,2 GERALD R. BROWN,S AND ELVIN D. BROWN4

Introduction size in some species (8) but not in
Fruit enlargment in higher plants oth,ers .(9): ~n the blac~berry, la~ge

is controlled by complex physiological fruIt SIze IS 1~?Ortant ill haf';'esnng
processes resulting from hormonal ac- and marketabilIty of th~ fruIt and
tivity (2, 11, 12). In these processes, small seeds are preferred ill fresh a,nd
ovule fertilization and subsequent pro~e~sed ?lackberry products. Wl~e

d d I I I d. I vanations ill seed SIze among genetIcsee eve opment p ay a ea illg ro e.
I f bl kb (4 14) dI .. d d'. f .. h cones 0 ac erry. an rasp-

n some many see e ruIts,. It ~s berry (13) have been reported. This
~een found that see~ nu~ber IS pos~- investigation was conducted to deter-
nvely correlated wIth mature fruIt mine the effects of seed number and
size (1. 3. 5. 7. 8, 9). Seed size may size on fruit size of the cultivated
also be important in determining fruit blackberry.
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Materials and Methods
In 1970, 50 primary fruits were col-

lected at first harvest and 50 lower
order fruits ( tertiary, quaternary)
were collected at last harvest from
each of 41 genetic clones of blackberry
(Table 1). The 50 fruits from each
harvest of each clone were divided
into 5 groups of 10 fruits each, weigh-
ed, and seed extracted by the blender-
flotation method ( 10). Seeds were
air-dried for 6 days, counted, and
weighed. Correlations were run be-
tween fruit size and the various seed
characteristics.

individual seeds, the average contri-
bution of each seed to fruit size can
be calculated as fruit weight per seed
(8,9) or, in the blackberry, as drupe-
let size. Marked differences were
found among genetic clones in fruit
weight per seed (Table 1). A signifi-
cant positive correlation exists be-
tween seed size (weight) and fruit
weight per seed, indicating that larger
seed may be contributing more hor-
mones for fruit enlargement. The
highest correlation found in this study
was between fruit weight and total
seed weight per fruit (Table 2). Total
seed weight reflects the individual ef-
fects of seed number and seed size
and is a measure of the total effect of
the seeds. This correlation is similar
in magnitude to that reported for red
raspberries (13). Darrow and Sher-
wood (4) concluded that the propor-
tion of seed weight to total berry
weight was more important in deter-
mining fruit size than seed size. These
data support this conclusion.

The effect of fruit position on the
inflorescence on fruit size and seed
number and size is shown in Fig. 1.
The primary (large) berries harvested
early in the season contain more see&
and the individual seeds are slightly
larger than the later harvested, lower
order (small) fruits. In addition, seeds
in primary berries produce more fruit
weight per seed, (ie., have larger
drupelets). Thus, lower order fruits
on the inflorescence are smaller be-
cause of fewer drupelets, smaller
seeds, and less fruit enlargement per
seed.

Discussion
Since seed are major contributing

factors to fruit size in blackberries,
seed content must be considered in
breeding for large fruited cultivars.
Fruit size can be increased by devel-
oping types with greater seed number
or larger seeds, or both. Since large
seed size is objectionable in many
blackberry products, it appears that

Results
Mean fruit weights, seed number

per fruit, average seed weight, and
fruit weight per seed are shown in
Table 1. The interaction of clone x
fruit position was not significant, and
only the means of the two harvests
are shown. An association appears to
exist between high seed number, large
seed size, and large fruit size. For
example, 'Wells Beauty' produced the
largest fruit of the 41 clones and also
had a large number of seeds per fruit
and large seeds. The magnitude of
this relationship is shown statistically
by the correlation coefficients in Table
2. Fruit size is positively correlated
(P = .01) with number of seeds per
berry, total seed weight per berry, and
mean seed size (weight) in both the
large primary fruits of the first harvest
and the small, lower order fruits of the
last harvest. These correlations are for
pooled data of the 41 clones, however,
and individual exceptions occur. For
example, 'Comanche' has relatively
large fruit, although seed number is
low (Table 1). Its seeds are large in
size, however, which apparently con-
tributes to its large fruit size. It is
notable that most very large-fruited
clones have both high seed numbers
and large seeds.

If enlargement of a fruit is assumed
to be due to the sum of the effects of
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Table 1. Fruit and seed characteristics of 41 blackberry clones at Clarksville,
Arkansas, 1970.1
Genetic Fruit weight
clone" Fruit weight Seeds per fruit Mean seed weight per seed
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1Mean separation within columns by Duncan's multiple range test at 5% level.
'Parentage of Selections:

Ark 510, 511, 512, 513, 514, 516, 520: Thornfree x Darrow.
Ark 523, 525, 526, 528, 529, 530, 532, 533, 534, 535, 536, 537, 538, 539, 543, 544, 545, 546, 548:

Darrow x Brazos.
Ark. 541, 542: Ranger x Brazos.
Ark. 557: Thornfree x Brazos.
Ark. 552: (Thornfree x Darrow) x O.P.
Ark. 560: Early Harvest x Whitford Thornless.

Table 2. Correlation coefficients between fruit size, seed number, and seed
size in blackberries.

Inftoreacence Position.
Comparison Primary Tertiary-Quaternary

0.5600

0.5100

0.8100

0.350

0.6400

-0.07

Fruit weight x Seed number

Fruit weight x Mean seed weight

Fruit weight x Total seed weight

Fruit weight x Fruit weight per seed

Fruit weight per seed x mean seed weight

Seed number x Mean seed weight
-~--

..Significant at 1% level.
.Significant at 5% level.
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Fruit Weight (9)

Fruit (No)Seeds per

Weight (mg)SeedMean

large

small

Weight per Seed (mg)Fruit
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breeders should select for genetic ma-
terial with high seed number per
berry. Seed number per fruit is large-
ly a response of the number of pistils
developed in the flower and of ovule
fertility. Kerr (6) found a high de-
gree of pistil sterility, within individ-
ual flowers, ranging from 40 to 100 70
among clones of blackberry. Selection
for high fertility would result in higher
seed content and larger fruit.

It is interesting to speculate on the
possible inheritance of fruit and seed
characters in blackberry. In these
tests, 21 of the varieties and selections
are sister seedlings from the cross of
'Darrow' x 'Brazos' (Table 1). While
this number is too small to make defi-
nite conclusions, it is noteworthy that
all but one of the seedlings were be-
tween the parental limits for fruit
weight and seed size. Three seedlings
had more seeds than 'Brazos' and 7
had fewer seeds than 'Darrow.' Mean
fruit weight of the 21 sister selections
was 4.31 g compared to the parental
mean of 3.85 g. Mean seed number
of the seedlings, 57.7, was slightly less
than the parental mean, 62.0. Mean
seed weight of the seedlings was ex-
actly the same as the parental mean,
2.5 mg. Thus, it appears that fruit
weight, seed number, and seed size of
seedlings tends to be intermediate be-
tween the parents. Selection and hy-
bridization of parents with high seed
number should result in populations of
seedlings with high seed number and
large fruit size. Maximum fruit size,
however, will probably be achieved
by combining high seed content and
large seed size.
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