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Reciprocal Crosses in the Squash,

Cucurbita Maxima Duch.

Edward P. Lana

INTRODUCTION

THIS STUDY ON reciprocal crosses was part of a larger in-
-1- vestigation on the possibility of using F1 hybrids to advantage
in the production of squash, Cucurbita Maxima, for the canning
trade. The possibility of using F1 hybrids to advantage was sug-
gested by the work of Hutchins and Croston (7). They obtained
a significantly higher yield and increased earliness over the
parents in the F1 hybrids of some of the varietal crosses tested.
These workers also found indications of differences between re-
ciprocals in some cases. These differences suggested that recipro-
cals might play an important part in accurately evaluating
parents for their combining ability in the production of F1 hy-
brids. This bulletin reports the results obtained in reciprocals of
six crosses between four varieties of squash crossed in all possible
combinations.

REVIEW OF LITERATURE

The work of Passmore (11) with re-
ciprocals of inbred lines of C. pepo is
perhaps the most extensive of this kind
with cucurbits. Using pure lines of
large and small seeded types it was
possible to obtain reciprocals which
were genetically -identical but which
had widely different seed sizes. The

size of the hybrid seed is determined
by the maternal parent. In these
studies the data show that the hybrid
plants from the larger embryos were
markedly larger during early develop-
ment. This difference was much greater
during the first weeks of growth than
later. Plants from the small embryos
showed a tendency to "catch up" with
those from larger embryos. Final rec-
ord data indicated that differences in

1A thesis submitted to the faculty of the Graduate School of the University of Minnesota
in partial fulfillment of the requirements for the degree of Doctor of Philosophy.

2 The writer is indebted to Dr. A. E. Hutchins for supplying the crossed seed for the firstyear's material. Sincere appreciation is further extended to Dr. A. E. Hutchins and Dr. F. A.Krantz for their suggestions and criticisms in the investigation of the problem and thepreparation of this paper. The writer is also indebted to the Fairmont Canning Company forsupplying land and facilities for growing_ the experimental material:
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number of fruits and in weight of plants

between the two types was still prob-

ably significant but that the differences

in leaf number and in leaf area had

ceased to be so.
Passmore states, "There is no doubt

that the larger embryo gives an initial

advantage which is maintained for

some time. The plants in this group

blossomed earlier and set fruit earlier,

but at the end of nine weeks are grow-

ing more slowly, comparatively, than

those from the reciprocal cross. This

indicates that the ultimate size attained

is the same in the two hybrids from a

reciprocal cross, but that the limit is

reached first by the one that starts

with the greater capital, the other at-

taining the limit by virtue of a longer

period of growth."
With other crops, the works of Ashby

(1) with corn, Kakizaki (8) with egg-

plant, Griffee (3) with wheat, and

Hutchins and Croston (7) with squash

clearly indicate that there are dif-

erences in seed size between the par-

ents and hybrids and between the re-

ciprocal hybrids.
Ashby (1) found that weights of the

two parents differed significantly as do

weights of the reciprocal crosses. Pad-

dick and Sprague (10) suggest that the

pollen parents seem to be able to exert

some influence on the weight of the

corn kernal, germ, and endosperm.

Germ size of reciprocal hybrids may

vary greatly, Luckwill (9), with toma-

toes, found the F. embryo significantly

heavier than that of either parent.

The effect of maternal influence on

cotyledon characters has been shown by

several workers. Hutchins (5) found a

significant positive correlation between

shape of seed and cotyledons within

cucumber varieties. Thayer (13) indi-

cated that cotyledon shape in C. pepo

is controlled in a large part by the

shape of the seed in which the embryo

is produced. The mean of the size of

the cotyledon is, in most cases, much

closer to that of its seed parent than

to that of its pollen parent.

Hill (4), working with hybrids be-
tween species of Digitalis, found
strong matroclinous tendencies of F.
hybrids between species. The resemb-
lance of the cotyledons of the F. hy-
brids to the seed of the female parent
is maintained in both form and size to
full maturity. Matrocliny did not ex-
tend to the true leaves of these hy-
brids.
Weetman (14), working with recip-

rocal crosses of watermelon found that
the plants grown from the large seeded
reciprocal required, on the average,
fewer days to produce the first flower
and less time to mature the first fruit
than the plants from the small seeded
reciprocal required. Weetman further
indicated that the fruits on the plants
of the small seeded reciprocal did not
become as large as the fruits on the
plants of the larger seeded reciprocals.
This difference in fruit size was not
statistically significant.
Hutchins and Croston (7) observed

that squash hybrids produced from
crosses of parents which differed con-
siderably in their readily observable
characters were significantly more pro-
ductive than the higher yielding

parent. In crosses of closely related
selections, the F.'s did not differ from

the parents in any respect. While their

data indicated no significant difference
between groups of reciprocal crosses
for mean yield per plant, there is evi-

dence that such reciprocal crosses, in
some cases, may exhibit significant

differences. Such differences may not

be due to inherent differences in yield-
ing ability but to the effect of different
size seed coats in the parents which, in

some cases, may restrict the growth of

the F. embryo. The data also suggests
that differences associated with re-
striction of the size of the embryo may
be present even at the time of harvest.
Because of this difference between re-.
ciprocals, Hutchins and Croston sug-
gested that it might be advisable to
use the large rather than the small

seeded parent as the female parent.
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MATERIALS

During the seasons of 1946 and
1947 four varieties of squash were
grown. These included two canner
types, Golden Delicious and Boston
Marrow, one commercial type, Golden
Hubbard, and a home garden type,
Greengold.
The Greengold seed planted in 1946

came from Division of Horticulture
supplies. The 1947 Greengold seed was
obtained by controlled pollination in
the field in 1946.
The seed of the other three parental

varieties was obtained from the same
commercial seed source for both years.
The seed of the hybrids, planted in

1946, reciprocals of Greengold and
Golden Delicious, and a cross of Boston
Marrow x Greengold was obtained from
Dr. Hutchins also. The seed of the hy-
brids planted in 1947 was obtained by
controlled crosses in the field in 1946.
Reciprocals of a cross were obtained
from the same plants in all cases. A
brief summary of the origin and gen-
eral description .for each parent fol-
lows:
Golden Delicious, the result of a

cross between Boston Marrow and De-
licious, described by Tapley et al. (12),
is a high quality canning squash. Its
characteristics are late maturing; plant
a scant trailer,- with few laterals
usually from the crown; fruit moder-
ately large, shape turbinate, wide
shallow ribs, smooth surface; skin color
red orange, pinkish stripes radiating
from apex, often dark green area at
blossom end; shell medium hard; flesh
thickness good, texture fine, moderately
dry, orange in color; quality good.
Boston Marrow, a squash of Indian

origin of unknown parentage (12), is of
average quality for canning. Its char-
acteristics are moderately late; plant
moderately vigorous trailer, medium
number of laterals from main stem;
shape nearly globular tapering abruptly
toward base, ribs almost lacking, sur-
face pockmarked; skin color light

orange to tan, buff spotting; shell
moderately soft; flesh thickness me-
dium, texture moderately fine, moist,
orange yellow in color; quality fair.
Golden Hubbard, the origin of which

is unknown (12) (2), is seldom used in
the canning trade. Its characteristics
are medium early; plant moderately
vigorous trailer, with medium number
of laterals from main stem; fruit size
moderately small; thick neck, slightly
curved, ribs wide shallow, surface un-
even warty; skin color red orange, nar-
row pinkish stripes radiating from
apex, apical end usually marked with
irregular green area; flesh thickest at
apex and base, texture moderately fine,
moderately dry, color orange yellow;
quality good.
Greengold, a selection from Butter-

cup (6), is a home garden variety. Its
characteristics are quite early maturity;
plant a vigorous trailer, a large number
of laterals issuing from main stem,
usually sublaterals appearing from
laterals; fruit size small; fruit shape
oblate, flattened at base and apex, ribs
wide shallow, surface smooth, "button"
may or may not be present at blossom
end; skin color light orange, radial
green stripes; shell hard; flesh thickest
at base, texture good, dry, orange in
color; table quality excellent.

METHODS

Experimental methods of plot tech-
nique and collection of the field data
were similar for both years with few
modifications.
In 1946 the four parental varieties

and five hybrids were grown. Before
planting, seed size measurements in
centimeters were taken using 150 seeds
of each hybrid from a single fruit and
a similar number of seeds from bulk
lots of the parent varieties. The meas-
urements obtained were taken at the
point of greatest length and of greatest
width of the seed. An index of seed size
was computed by multiplying the
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length of the seed by the width of the
seed.

The seed was sown directly in the
field. The varieties and hybrids were
grown in a randomized block arrange-
ment having six replicates. Each plot
consisted of five plants spaced 8 feet
apart in rows 12 feet apart. Cotyledon
size in centimeters was taken 24 hours
after emergence of the seedlings from
the soil. Measurements of the coty-
ledons were taken at the point of
greatest length and greatest width. An
index of cotyledon size was computed
by multiplying the length of the coty-
ledon by the width of the cotyledon.

Vine measurements were taken in
inches at two- and three-day intervals
from the first date of trailing for a
period of ten days. Vine length meas-
urements consisted of obtaining the
length of the main stem from the crown
of the plant to the end of the vine.
Laterals from the main stem were
measured on their appearance and
were incorporated into the total vine
length. Final vine length measurements
were taken when the first fruit set on
the plants was 2 inches in diameter.
The number of ovaries formed on the
plant was also counted at this time.
Male and female blossoms were
counted daily from the time of their
appearance until the plants became too
entwined for accurate information. At
harvest time data on the size, weight,
and number of fruits per plant, fruit
color and. fruit type were collected.

In 1947, seed size measurements
were taken as in 1946. The total weights
in milligrams of the seed and of the
excised embryo were also obtained.
The embryo as such consisted of the
cotyledons and the rudimentary plant
parts. The seed was planted in pots in
the greenhouse. Cotyledon measure-
ments, like those in 1946, were taken
when the first true leaf appeared.

The four parental varieties and
twelve hybrids were transplanted into
the field and grown under two condi-

tions. (1) For all the data except yield,
the varieties and hybrids were grown
in a randomized block arrangement
having six replicates. Each plot was
composed of a single plant spaced 25
feet in each direction from adjacent
plants. (2) For yield data the varieties
and hybrids were grown in a random-
ized block arrangement with four
replicates. Each plot contained three
plants spaced 8 feet apart in rows 15
feet apart. Vine length measurements
were taken at three- and four-day in-
tervals for a period of 16 days from the
first date of trailing. Final vine meas-
urements, male and female flower
counts, and yield data were obtained
in the same manner as were the data
for these characters in 1946. •

EXPERIMENTAL RESULTS

Studies on the Parent Varieties
The data on the , parent varieties

taken in 1946 and 1947 are given in
tables 1 and 2. Different samples of
seed were used in the. two years. Their
source has been given in the discussion
of material.
A significant difference was obtained

between the four varieties in size of
seed, size of cotyledon, weight of seed,
weight of embryo, growth of vine,
number of female flowers per plant,
days to female bloom, number of fruits
per plant, size of fruit, and yield per
plant. The differences between the
varieties were fairly consistent despite
the wide variation in vine growth and
yield obtained in the two seasons. 'The
data for each character will be dis-
cussed in detail later in connection with
the results obtained on the reciprocals
in each of the six crosses.
Seed size apparently is associated

with cotyledon size, number of fruits
per plant, and size of fruit. Small sized
seed tended to be associated with small
cotyledons, small fruits, and a large
number of fruits per plant; inter-
mediate sized seed with intermediate
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Table 1. Differences in Seed Size, Cotyledon Size, Vine Growth, Flower Characteristics, and
Fruit Characteristics Between Four Squash Parents Studied in Reciprocal Crosses, 1946

Seed size

sq. cm.

Cotyledon size
24 hours

sq.cm.
1.23 4.37
1.93 9.34
2.16 11.11
1.84 10.34

Total Vine Growth in Inches at Successive Time Intervals

1 2 3 4 5 6
Growth rates
regression
values

Greengold .............. 11.20 17.10 23.50 33.70 44.03 684.7 .0601
Golden Hubbard.................................. 15.03 23.30 30.07 43.47 56.07 782.2 .0594
Golden Delicious ............ 10.57 15.90 20.57 29.27 39.10 409.7 .0566
Boston Marrow .................. 13.27 21.03 33.70 37.30 50.33 560.2 .0589

Flower Characteristics

Number
per plant

Ratio Number
per 100 of ovaries

Days to
flowering

Male
13.87

Female
3.50 397 26.50

Male
51

Female
57

Golden Hubbard .............................. 19.27 2.20 871 15.83 49 58
Golden Delicio 15.70 1.32 1,189 12.17 52 62
Boston Marrow............................... 19.57 2.55 768 17.67 50 59

Fruit Characteristics

Number
per plant

Size
per fruit

pounds

Yield
per plant

pounds
Greengold 9.13 3.19 28.07

6.10 6.75 36.93
Golden Delicious 3.00 13.66 39.20

3.88 15.10 58.10

sized cotyledons, fruits, and fruit num-
ber; and large sized seed with large
cotyledons, large fruits, and few fruits
per plant. These associations will be
discussed later in connection with the
behavior of these characters in the re-
ciprocal crosses.

Reciprocal Crosses

Seed Size
The average size of seed of parent

varieties and of seed from reciprocal
cross pollinations from which the 1946
and 1947 plants were grown is given in
tables 3 and 4, respectively.
The seed size of Greengold was sig-

nificantly smaller than the Golden De-

licious, Golden Hubbard, and Boston
Marrow seed in both years. The seed
of the Golden Hubbard was signifi-
cantly smaller than that of the Golden
Delicious in both years and significantly
smaller than that of Boston Marrow in
1947. The seed of Boston Marrow was
significantly smaller than that of the
Golden Delicious in 1946 but not in
1947.
The size of seed was significantly

different for each pair of reciprocals in
the crosses of Greengold with the other
three varieties. In all three pairs, the
Fi seed tended to be similar in size to
that of the female parent of the cross.
In the three pairs of reciprocal crosses
which did not include Greengold, only
one pair, the cross Boston Marrow and
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Table 2. Differences in Seed Characteristics, Vine Growth, Flower Characteristics, and Fruit
Characteristics Between the Four Parents for the Characters Studied

in the Reciprocal Crosses, 1947

Seed Characteristics Cotyledon

Size
Size

Weight Embryo Per cent at time of
total weight of total first true leaf

sq. cm. , mg. mg. sq. cm.

Greengold 1.15 165.4 125.8 76.25 19.53

Golden Hubbard ........................... 1.94 280.2 199.4 71.61 24.85

Golden Delicious ........................... 2.24 222.6 152.0 71.02 24.14

Boston Marrow ................................. 2.18 327.2 230.4 70.39 27.72

Total Vine Growth in Inches at Successive Time Intervals

1 2 3 4 5 6 7
Growth rates
regression

values

Greengold 16.6 38.0 75.3 107.0 152.6 219.6 598.3 .0713

Golden Hubbard ................................. 16.0 36.3 67.3 89.3 153.6 217.6 608.3 .0766

Golden Delicious ................................. 8.6 21.3 40.0 56.3 88.6 120.0 541.3 .0737

Boston Marrow 11.3 23.3 45.6 78.6 126.0 187.6 733.3 .0772

Flower Characteristics

Number per plant Ratio per 100 Days to flowering

Male

60.3

Female

12.0 503

Male

61.2

Female

72.0

Golden Hubbard ....... .... ...................... 32.0 7.3 438 66.6 74.6

Golden Delicious ..... ............................
.....66.0

17.3 4.0 432 70.0 86.6

Boston Marrow 66.0 5.66 1,166 71.6 82.3

Fruit Characteristics

Number Average size Yield
per plant per fruit per plant

Golden Delicious ................................................................

pounds pounds

3.89 2.10 7.70
3.00 3.02 12.67

2.17 6.12 13.25
2.83 6.77 19.6

Table 3. Average Seed Size of the Parents and the Reciprocal Cross Pollinations, 1946

Variety Female Male

sq. cm. sq. cm. sq. cm.

Greengold x Golden Delicious ..... 1.23 2.16 1.31

Golden Delicious x Greengold 2.16 1.23 2.23

Greengold x Golden Hubbard ..................................................................... 1.23 1.93 1.16

Golden Hubbard x Greengold ..... ..... .............. 1.93 1.23 2.23

Boston Marrow x Greengold 1.84 1.23 2.52

Difference required for significance at 5 per cent point, .22 sq. cm. and at 1 per cent point, .29
sq. cm.

* Fi indicates the direct seed of the cross in all seed data.
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Table 4. Average Seed Size of the Parents and the Reciprocal Cross Pollinations, 1947

Variety Female Male

sq. cm. sq. cm. sq. cm.
Greengold x Golden Delicious ______________________________ 1.15 2.24 1.18
Golden Delicious x Greengold 2.24 1.15 2.28

Greengold x Golden Hubbard ..... 1.15 1.94 1.06
Golden Hubbard x Greengold 1.94 1.15 2.19

Greengold x Boston Marrow _____________________________...... 1.15 2.18 1.20
Boston Marrow x Greengold 2.18 1.15 2.20

Boston Marrow x Golden Delicious 2.18 2.24 2.45
Golden Delicious x Boston Marrow 2.24 2.18 2.13

Boston Marrow x Golden Hubbard ............................_..._..... _______ 2.18 1.94 2.46
Golden Hubbard x Boston Marrow 1.94 2.18 1.70

Golden Hubbard x Golden Delicious ................................................... 1.94 2.24 2.30
Golden Delicious x Golden Hubbard 2.24 1.94 2.07

Difference required for significance at 5 per cent point, .128 sq. cm. and at 1 per cent point,
.171 sq. cm.

Table 5. Total Weight of Seed of Parents and Reciprocal Cross Pollinations, .1947

Variety Female Male

mg. mg. mg.
Greengold x Golden Delicious ............................................................ 165.4 222.6 219.4
Golden Delicious x Greengold 222.6 165.4 361.8

Greengold x Golden Hubbard. ____________________________ 165.4 280.2 172.4
Golden Hubbard x Greengold 280.2 165.4 370.0

Greengold x Boston Marrow 165.4 327.2 178.2
Boston Marrow x Greengold 327.2 165.4 409.4

Boston Marrow x Golden Delicious ............................................. 327.2 222.6 476.6
Golden Delicious x Boston Marrow ................................................ 222.6 327.2 338.2

'Boston Marrow x Golden Hubbard 327.2 280.2 435.8
Golden Hubbard x Boston Marrow  280.2 327.2 306.4

Golden Hubbard x Golden Deliciou _________________ 280.2 222.6 392.2
Golden Delicious x Golden Hubbard.....-............ 222.6 280.2 279.6

Difference required f or significance at 5 per cent level, 36.83 mg. and at 1 per cent level,
48.99 mg.

Golden Hubbard, gave results similar
to the above.
The other two reciprocal crosses be-

tween Boston Marrow and Golden De-
licious and between Golden Hubbard
and Golden Delicious, gave results that
differed from the four pairs of recipro-
cal crosses discussed above. There was
a significant difference in size of seed
between reciprocals of both pairs.
These differences are similar to dif-
ferences in size of seed between the
male parents. In the reciprocal cross,
Golden Hubbard and Golden Delicious,
the difference in size of seed between

the male parents is significant. In the
reciprocal cross, Boston Marrow and
Golden Delicious, the difference in seed
size between the male parents is not
significant. Thus in this reciprocal
cross the differences obtained cannot
be related to parental differences in
size of seed.

Weight of Seed and
Excised Embryo
Since the size of seed, based on the

product of length and width measure-
ments, may not always indicate the ex-
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tent of the development and maturity

of the seed, weights of the entire seed

and of the excised embryo were taken.

The mean weight in milligrams per

seed of the four parental varieties and

the seed of the six pairs of reciprocal

cross pollinations for 1947 is given in

table 5.
The four parental varieties differed

significantly in weight per seed (table

2). Froin light to heavy, the order is

Greengold, Golden Delicious, Golden

Hubbard, and Boston Marrow. The or-

der is different from that obtained for

size of seed given in table 4, which is

Greengold, Golden Hubbard, Boston

Marrow, and Golden Delicious. The

dissimilarity is in the seed of the

Golden Delicious which was the largest

in seed size but weighed significantly

less than the seed of Golden Hubbard

and Boston Marrow.
The difference in weight of seed be-

tween reciprocals is significant for all

six pairs. These differences are, in all

cases, associated with similar dif-

ferences in the seed weight of the two

female parents of each reciprocal pair.

Seed of the heaviest seeded reciprocal

is significantly heavier than that of the

heaviest seeded parent in all cases.

Seed of the lightest seeded reciprocal

of each pair is in all cases heavier and,

in three cases, significantly heavier than
that of the lightest seeded parent.
The results obtained on the weights

of the excised embryos presented in
table 6 agree with the data presented in
table 5 on weight of seed. The same
relation existed between the weight of
excised embryo in the female parents
and in the F. seed in reciprocals as was
found for weight of seed.

Cotyledon Size

One of the first measurable growth
characters of the sprouting seedling is
the cotyledon. During the 1946 season,
measurements consisting of the length
and width of the cotyledon were taken.
Table 7 presents the average size of
the cotyledons of the parents and hy-
brids 24 hours after emergence from
the soil.
Greengold, the variety with the

smallest seed, also has the smallest
cotyledon. This was significantly
smaller than the cotyledons of Golden
Hubbard, Boston Marrow, and Golden
Delicious. Golden Hubbard has coty-
ledons intermediate in size and signifi-
cantly smaller than Boston Marrow and
Golden Delicious. Boston Marrow and
Golden Delicious, with the largest
seed, have the largest cotyledons. There

Table 6. Weight of Excised Embryo of Parents and Reciprocal Cross Pollinations, 1947

Variety Female Male

mg. mg. mg.

Greengold x Golden Delicious ............................................................... 125.8 152.0 172.4

Golden Delicious x Greengold 152.0 125.8 263.2

Greengold x Golden Hubbard ............................................................... 125.8 199.4 131.6

Golden Hubbard x Greengold ..... 199.4 125.8 265.2

Greengold x Boston Marrow .................................................................. 125.8 230.4 135.8

Boston Marrow x Greengold ..... 230.4 125.8 285.0

Boston Marrow x Golden Delicious ............................................... 230.4 152.0 330.2

Golden Delicious x Boston Mairow 152.0 230.4 219.2

Boston Marrow x Golden Hubbard ................................................ 230.4 199.4 319.4

Golden Hubbard x Boston Marrow ................................................ 199.4 230.4 221.4

Golden Hubbard x Golden Delicious .......................................... 199.4 152.0 271.8

Golden Delicious x Golden Hubbard 152.0 199.4 182.8

Difference required for significance at 5 per cent level, 21.74 mg. and at 1 per cent level,

28.91 mg.
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Table 7. Average Size of Cotyledons 24 Hours after Emergence for the

Parents and F1 Hybrids, 1946

Variety Female Male Fi hybrid

sq. cm. sq. cm. sq. cm.
Greengold x Golden Delicious 4.37 11.11 8.05
Golden Delicious x Greengold 11.11 4.37 13.10

Greengold x Golden Hubbard ............................................................... 4.37 9.34 4.87
Golden Hubbard x Greengold 9.34 4.37 11.57

Boston Marrow x Greengold .................................................................. 10.34 4.37 11.27

Difference required for significance at 5 per cent level, 2.04 sq. cm. and at 1 per cent level,
2.72 sq. cm.

Table 8. Average Size of Cotyledons for the Parents, and Fi Hybrids at the

Time the First True Leaf Had Formed, 1947

Variety Female Male Fi hybrid

sq. cm. sq. cm. sq. cm.
Greengold x Golden Delicious 19.53 24.14 21.34
Golden Delicious x Greengold ............................................................ 24.14 19.53 25.22

Greengold x Golden Hubbard 19.53 24.85 20.83
Golden Hubbard x Greengold ............................................................... 24.85 19.53 30.35

Greengold x Boston Marrow 19.53 27.72 21.57
Boston Marrow x Greengold 27.72 19.53 33.29

Boston Marrow x Golden Delicious ................................................ 27.72 24.14 28.90
Golden Delicious x Boston Marrow ............................................. 24.14 27.72 25.30

Boston Marrow x Golden Hubbard 27.72 24.85 30.28
Golden Hubbard x Boston Marrow ................................................

Golden Hubbard x Golden Delicious .......................................... 24.85 24.14 29.14
Golden Delicious x Golden Hubbard ............................................. 24.14 24.85 25.59

Difference required for significance at 5 per cent level, 2.488 sq. cm. and at 1 per cent level,
4.314 sq. cm.

were no significant differences in the
cotyledon size of the latter two
varieties.
A significant difference in size of

cotyledon was obtained between the re-.
ciprocals of the crosses of Greengold
with Golden Delicious and Golden
Hubbard. When Greengold was used
as a female parent, cotyledon size was
significantly smaller in the F, hybrid
than when Greengold was used as a
male parent. The hybrid cotyledons
did not differ significantly in size from
that of the Greengold variety when
Greengold was used as a female and
Golden Hubbard as a male. The hybrid
cotyledon was significantly larger than
Greengold when Golden Delicious was
used as a male. When Greengold was

used as a male, the resulting hybrid
cotyledon exceeded in size the coty-
ledon of the larger females in both
cases, one significantly and the other
approaching significance.
The material grown in 1947 was

started in the greenhouse. The size of
the cotyledons, taken when the first
true leaf was formed, is given in table
8 for the parents and the F1 hybrids.

Greengold, the smallest seeded
variety, had cotyledons which were
significantly smaller than those of th 
remaining three varieties. The coty-
ledons of Boston Marrow were signifi-
cantly larger than those of the other
varieties. There were no significant
differences in the cotyledon size of
Golden Hubbard and Golden Delicious.
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Significant differences in size of coty-
ledons were again found in the five
pairs of reciprocals on which data are
presented. These differences were re-
lated to corresponding differences in
the female parents of the reciprocals.
The data on the reciprocal of the Boston
Marrow x Golden Hubbard are omitted
because cotyledon rot produced dis-
torted cotyledons which were not com-
parable to the healthy.

Summary of Seed and
Cotyledon Characters

Reciprocal crosses were made in all
combinations between four varieties of
squash. The reciprocals of each combi-
nation differed in size of seed, weight
of seed, weight of excised embryo, size
of cotyledon, and in percentage of
weight of seed to weight of embryo.
The Fi seed, embryos, and cotyledons
in all cases tended to have the size and
weight of the female parent. An ex-
ception to this was the F, for seed size
in two pairs of reciprocals having
Golden Delicious as one of the parents.
In this variety the seed size was larger

than would be expected from the
weight of the embryos and the size of
the cotyledons and hence did not give
the same positive association for these
characters as was found in the other
three varieties. Nevertheless these
characters were genetically associated
in the variety for as a female parent
the F., seed size was smaller than the
Fi of the corresponding reciprocals in
which Golden Hubbard and Boston
Marrow were the female parents.

Vine Growth
Periodic measurements of length of

, vine, main stem plus laterals, were
taken as a criterion of vine growth.
The average length of vine for the first
and last dates of measurement of the
parents and Fi hybrids is given in
tables 9 and 10 for 1946 and in tables
11 and 12 for 1947. In the tables only
the first and total measurements are
presented.
The length of vine differed signifi-

cantly between the Fi hybrids of the
reciprocals in the two combinations
tested in 1946. In the combination of

Table 9. Length of Vine on First Date of Measurement of the Parents and F1 Hybrids, 1946

Variety Female Male Fi hybrids

inches inches inches
Greengold x Golden Delicious ............................................................ 11.20 10.57 13.47
Golden Delicious x Greengold 10.57 11.30 24.47

Greengold x Golden Hubba 
Golden Hubbard x Greengold.................................................

11.20
15.03

15.03
11.20

9.37
23.90

Boston Marrow x Greengold .................................................................. 13.27 11.20 16.73

Difference required for significance at 5 per cent point, 4.44 inches and at 1 per cent point, 5.94
inches.

Table 10. Length of Vine on Fifth Date of Measurement of the Parents and F1 Hybrids, 1946

Variety Female Male Fi hybrids

inches inches inches
Greengold x Golden Delicious ............................................................ 44.03 39.10 46.73
Golden Delicious x Greengold ..................................................... 39.10 44.03 66.67

Greengold x Golden Hubbard ............................................................ 44.03 56.07 44.98
Golden Hubbard x Greengold ...................................................... 56.07 44.03 71.60

•
Boston Marrow x Greengold ..... 50.33 44.03 58.67

Difference requirdd for significance at 5 per cent point, 10.01 inches and at 1 per cent point,
13.37 inches.
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Greengold with Golden Delicious the
parents did not differ significantly in
length of vine. In the other combina-
tion Greengold had a significantly
shorter vine than Golden Hubbard, and
the length of vine of the Fi hybrids was
positively associated with that of the
female parents.

In 1947, the length of vine was not
significantly different between the F1
hybrids of reciprocal pairs in any of
the six combinations tested. The vine

length in the parent varieties did not
differ significantly except at the last
measurement when Greengold and
Golden Hubbard both exceeded Golden
Delicious.

Since, in both years, it was observed
that the increase in length of vine from
one date of measurement to another
was, in the great majority of cases,
significant, does it follow that the
growth rate of a pair of reciprocals
have similar growth ratios when com-
pared on the basis of regression values?

Table 11. Length of Vine on First Date of Measurement of the Parents and F1 Hybrids, 1947

Variety Female Male Fi hybrids

inches inches inches
Greengold x Golden Delicious ...................................................... 16.6 8.6 7.6
Golden Delicious x Greengold 8.6 16.6 16.6

Greengold x Golden Hubbard ............................................................ 16.6 16.0 12.3
Golden Hubbard x Greengold 16.0 16.6 24.3

Greengold x Boston Marrow 16.6 11.3 19.3
Boston Marrow x Greengold ............................................................ 11.3 16.6 13.3

Boston Marrow x Golden Delicious ..... 11.3 8.6 16.0
Golden Delicious x Boston Marrow .......................................... 8.6 11.3 25.6

Boston Marrow x Golden Hubbard .......................................... 11.3 16.0 18.3
Golden Hubbard x Boston Marrow .......................................... 16.0 11.3 24.3

Golden Hubbard x Golden Delicious .......................................... 16.0 8.6 16.3
Golden Delicious x Golden Hubbard ....................................... 8.6 16.0 19.3

Difference required for significance at 5 per cent point, 12.40 inches.

Table 12. Length of Vine on Sixth Date of Measurement of the Parents and F1 Hybrids, 1947

Variety Female Male Fi hybrids

inches inches inches

Greengold x Golden Delicious ............................................................ 219.6 120.0 93.6
Golden Delicious x Greengold 120.0 219.6 195.3

Greengold x Golden Hubbard ............................................................ 219.6 217.6 167.0
Golden Hubbard x Greengold 217.6 219.6 269.0

Greengold x Boston Marrow ............................................................ 219.6 197.6 159.0
Boston Marrow x Greengold 197.6 219.6 183.6

Boston Marrow x Golden Delicious ............................................. 197.6 120.0 189.0
Golden Delicious x Boston Marrow .......................................... 120.0 197.6 267.0

Boston Marrow x Golden Hubbar 
Golden Hubbard x Boston Marrow.............................................

197.6
217.6

217.6
197.6

184.3
191.0

Golden Hubbard x Golden Delicious 217.6 120.0 217.0
Golden Delicious x Golden Hubbard ................. ..... ................... 120.0 217.6 221.6

Difference required for significance at 5 per cent point, 96.3 inches.
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Regression values were obtained by
the use of this formula:

Log x - Log y

Here Log x is the logarithm of the
length of the vine on the first measure-
ment date, and "n" is equal to the
number of days from the first measure-
ment period to the final measurement
period. Tables 13 and 14 for 1946 and
1947, respectively, give the growth
rates of the parents and F1 hybrids ,as
indicated by regression values.
The data for both years show no

significant differences in regression
values between the parents. In 1946,
as shown by table 13, there were signi-
ficant differences between the recipro-
cals of each of the two combinations
tested. In both pairs of reciprocals,
Greengold, when used as a female,
gave progeny with a greater growth
rate than when Greengold was used as
a male.

As shown by table 14, in the 1947
reciprocals involving Greengold with
Golden Delicious and with Golden
Hubbard, Greengold as a female parent
gave a Fi with a higher regression.
value. In the reciprocals of Boston Mar
row with Greengold the F1 hybrid hav-
ing Boston Marrow as the female
parent gave the highest regression
value. The three reciprocal crosses not
involving Greengold showed no signifi-
cant differences.
Final vine measurements were taken

in 1946 when the plants had developed
fruits 2 inches in diameter and in 1947,
14 days after the last measurement of
the series of six. Total length of vine
on the final measurement date for 1946
and 1947 of the parents and Fi hybrids
is given in tables 15 and 16, respect-
ively.
The length of vine was not signifi-

cantly different between the parents
nor between any of the reciprocals.

Table 13. Growth Rates of the Parents and F1 Hybrids as Indicated by Regression Values, 1946

Variety Female Male Fi hybrids

Greengold x Golden Delicious ...................................................... .0601 .0566 .0561
Golden Delicious x Greengold .0566 .0601 .0433

Greengold x Golden Hubbard ............................................................ .0601 .0594 .0679
Golden Hubbard x Greengold ............................................................ .0594 .0601 .0476

Boston Marrow x Greengold .0587 .0601 .0533

Difference required for significance at 5 per cent point, .0093 and at 1 per cent point, .0125.

Table 14. Growth Rates of the Parents and F, Hybrids as Indicated by Regression Values, 1947

Variety Female Male Fi hybrids

Greengold x Golden Delicious ...................................................... .0713 .0737 .0762
Golden Delicious x Greengold ................:...................... ..... .0737 .0713 .0669

Greengold x Golden Hubbard ............................................................ .0713 .0766 .0773
Golden Hubbard x Greengold .0766 .0713 .0688

Greengold x Boston Marrow ............................................................ .0713 .0722 .0569
Boston Marrow x Greengold ............................................................ .0722 .0713 .0711

Boston Marrow x Golden Delicious ..... .0722 .0737 .0662
Golden Delicious x Boston Marrow. ............................................. .0737 .0722 .0660

Boston Marrow x Golden Hubbard. ................................................ .0722 .0766 .0651
Golden Hubbard x Boston Marrow ................................................... .0766 .0722 .0530

Golden Hubbard x Golden Delicio 
Golden Delicious x Golden Hubbard.........................................

.0766

.0737
.0737
.0766

.0692

.0659

Difference required for significance at 5 per cent point, .0146.
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Table 15. Length of Vine on Final Measurement of the Parents and F, Hybrids, 1946

Variety Female Male F1 hybrids

inches inches inches
Greengold x Golden Delicious ...................................................... 684.67 409.67 683.67
Golden Delicious x Greengold 409.67 684.67 651.50

Greengold x Golden Hubbard 684.67 782.17 772.50
Golden Hubbard x Greengold 782.17 684.67 850.67

Boston Marrow x Greengold 560.17 684.67 700.17
Greengold x Boston Marrow 684.67 560.17

Difference required for significance at 5 per cent level, 241.89 inches.

Table 16. Length of Vine on Final Measurement of Parents and Fi Hybrids, 1947

Variety Female Male F1 hybrids'

inches inches inches
Greengold x Golden Delicious 598.3 541.3 451.3.
Golden Delicious x Greengold 541.3 598.3 722.0

Greengold x Golden Hubbard ............................................................ 598.3 608.3 740.0
Golden Hubbard x Greengold 608.3 598.3 799.3

Greengold x Boston Marrow ............................................................ 598.3 733.3 543.3
Boston Marrow x Greengold 733.3 598.3 754.3

Boston Marrow x Golden Delicious ............................................. 733.3 541.3 863.3
Golden Delicious x Boston Marrow ............................................. 541.3 733.3 656.6

Boston Marrow x Golden Hubbar 
Golden Hubbard x Boston Morrow.............................................

733.3.
608.3

608.3
733.3

761.6
743.3

Golden Hubbard x Golden Delicious ...................................... 608.3 541.3 641.6
Golden Delicious x Golden Hubbard 541.3 608.3 913.0

Difference required for significance at 5 per cent level, 298.4 inches.

Flower Data
Number of Flowers-Male-Male and

female blossoms were counted daily
from their appearance until the plants
became too intermingled. The male
flowers appeared earlier than the fe-
male blossoms in both years.

During 1946 the male flowers began
to open shortly after the plants began
to trail. The chief characteristic of all
the plants observed was that between
six to twelve male blossoms appeared
in close sequence in the area of the
crown and first four leaf axils. Beyond
this stem area and up to approximately
the fourteenth leaf axil usually only
male blossoms appeared before the first
ovary was observed. The ovary was
usually borne singly and appeared at
each subsequent third or fourth leaf
axil. On the lateral branches the same

situation prevailed. The first seven to
ten axils usually bore male flowers be-
fore the first ovary appeared. Usually
most of the male flowers developed to
full bloom.
Because of the poor growing season

in 1947 all plants were stunted and a
scattering of male blossoms appeared
in the crown of the plant before any
indication of trailing was observed.
These flowers were small and weak and
only about half contained pollen. Since
only two to three male flowers appeared
before trailing, no counts were made on
these flowers.
The average number of male flowers

per plant for the parents and hybrids
for 1946 and 1947 is given in tables 17
and 18, respectively.
There was no significant difference

in number of male flowers between the
parents in 1946. There were significant
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Table 17. Average Number of Male Flowers per Plant of the Parents and F1. Hybrids, 1946

Variety Female Male Fl hybrids

Greengold x Golden Delicious 13.87 15.70 26.18

Golden Delicious x Greengold 15.70 13.87 39.30

Greengold x Golden Hubbard ............................................................ 13.87 19.27 16.90

Golden Hubbard x Greengold 19.27 13.87 33.47

Boston Marrow x Greengold 19.57 13.87 24.27

Difference required for significance at 5 per cent point, 5.98 and at 1 per cent point, 8.

Table 18. Average Number of Male Flowers per Plant of the Parents and Ell Hybrids, 1947

Variety Female Male Fl hybrids

Greengold x Golden Delicious 60.3 17.3 59.0

Golden Delicious x Greengold ............................................................ 17.3 60.3 72.3

Greengold x Golden Hubbard. ............................................................ 60.3 32.0 57.0

Golden Hubbard x Greengold 32.0 60.3 61.0

Greengold x Boston Marrow .................................................................. 60.3 66.0 59.0

Boston Marrow x Greengold 66.0 60.3 50.0

Boston Marrow x Golden Deliciou 
Golden Delicious x Boston Marrow.................................................

66.0
17.6

17.6
66.0

58.3
76.0

Boston Marrow x Golden Hubbard ................................................ 66.0' 32.0 24.0

Golden Hubbard x Boston Marrow ................................................ 32.0 66.0 76.6

Golden Hubbard x Golden Delicious .......................................... 32.0 17.6 58.3

Golden Delicious x Golden Hubbard .......................................... 17.6 32.0 67.0

Difference required for significance at 5 per cent point, 26.59 and at 1 per cent point, 35.85.

differences between the reciprocals of
the two combinations tested. The num-
ber of male flowers in the Fl hybrids in
all cases tended toward a maternal
association. With Greengold as the fe-
male parent, fewer flowers were ob-
tained than in the reciprocals having
Golden Delicious and Golden Hubbard
as the maternal parents. In 1947, the
reciprocals were not significantly dif-
ferent except the combination of Boston
Marrow with Golden Hubbard where
the Fl hybrids of the reciprocal crosses
tended to have the number of male
flowers approach that of the paternal
parents.
Number of Flowers-Female-Fe-

male blossoming was much more ir-
regular during the early blossom period
than was male blossoming, with several
day intervals between blossoms. The
first female blossom made its appear-
ance at approximately the fourteenth
leaf axil on the main stem, and on
about the seventh to tenth leaf axil on

the lateral branches. Each succeeding
female blossom (ovary) appeared on
every third or fourth axil thereafter.
Ovary is used synonymously with fe-
male flower because in obtaining the
potential number of female flowers and
fruits the number of ovaries were used
as a criteria. As shown later, all the
ovaries do not develop even to the
flowering stage.
The number of ovaries which are

initiated give an indication of the po-
tential number of female flowers and
fruits that each plant might be capable
of bearing. Table 19 shows the average
number of ovaries per plant of the
parents and Fl hybrids for 1946.
Greengold was significantly higher in

ovary set than were the other parental
varieties. There were no significant
differences between reciprocals, and
none of the hybrids significantly ex-
ceeded Greengold in ovary number.
There is a positive association in the

parents between the number of ovaries
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set and the actual number of female
flowers produced (table 20) . This as-.
sociation did not follow for the recipro-
cals of Greengold and Golden Hubbard.
On the average from 10 to 15 per cent
of the total number of ovaries de-
veloped to the blossom stage.
The average number of female

flowers per plant for the parents and
Fi hybrids is given in tables 20 and 21
for 1946 and 1947, respectively.
The parental varieties showed almost

the same relationship for the two sea-
sons. Greengold was high in blossom

number, Golden Delicious low, and
Boston Marrow and Golden Hubbard
intermediate. In 1946 Greengold pro-
duced significantly more female blos-
soms than Golden Delicious and
Boston Marrow. There were no signifi-
cant differences between the other three
varieties in either year. °
There were significant differences

between the reciprocals of the two
combinations tested in 1946. The num-
ber of female flowers in both cases
tended toward a paternal association.
With Greengold as the male parent

Table 19. Average Number of Ovaries per Plant of the Parents and Hybrids, 1946

Variety Female Male Fi hybrids

Greengold x Golden Delicious 26.50 12.17 22.00
Golden Delicious x Greengold ............................................................ 12.17 26.50 28.00

Greengold x Golden Hubbard ............................................................ 26.50 15.83 24.00
Golden Hubbard x Greengold 15.83 26.50 22.33

Boston Marrow x Greengold 17.67 26.50 23.33

Difference required for signicance at 5 per cent point, 7.74.

Table 20. Average Number of Female Flowers per Plant of the Parents and Fi Hybrids, 1946

Variety Female Male F1 hybrids

Greengold x Golden Delicious ............................................................ 3.50 1.32 3.88
Golden Delicious x Greengold 1.32 3.50 6.70

Greengold x Golden Hubbard ............................................................... 3.50 2.20 2.63
Golden Hubbard x Greengold 2.20 3.50 6.80

Boston Marrow x Greengold 2.55 3.50 4.60

Difference required for significance at 5 per cent point, 1.86 and at 1 per cent point, 2.49.

Table 21. Average Number of Female Flowers per Plant of the Parents and F, Hybrids, 1947

Variety Female Male F, hybrids

Greengold x Golden Delicious ............................................................ 12.0 4.0 7.0
Golden Delicious x Greengold .......................................................... 40 12.0 6.3

Greengold x Golden Hubbard .......................................................... 12.0 7.3 9.0
Golden Hubbard x Greengold 7.3 12.0 20.3

Greengold x Boston Marrow .............................................................. 12.0 5.66 6.0
Boston Marrow x Greengold ............................................................... 5.66 12.0 11.3

Boston Marrow x Golden Delicious ............................................. 5.66 4.0 9.0
Golden Delicious x Boston Marrow ............................................. 4.0 5.66 11.66

Boston Marrow x Golden Hubbard 5.66 7.3 8.3
Golden Hubbard x Boston Marrow ..... .................. 7.3 5.66 9.6

Golden Hubbard x Golden Delicious ....................................... 7.3 4.0 13.3
Golden Delicious x Golden Hubbard 4.0 7.3 9.3

Difference required for significance at 5 per cent point, 5.76 and at 1 per cent point, 7.77.
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more flowers were obtained than in the
reciprocals having Golden Delicious
and Golden Hubbard as the paternal
parents. In 1947, the reciprocals were
not significantly different except the
combinations of Greengold with Golden
Hubbard. The combination of Green-
gold with Boiton Marrow approached
significance. The Ili hybrids of these
two pairs of reciprocals tended to have
the number of female flowers approach
that of the paternal parents.
The ratios of male to female blossoms

varied for the two seasons. The average
of the reciprocal ratios tended to ap-
proximate that of the parents but as

. a rule were less. These data indicate
that there is a varietal difference in the
male to female blossom ratio and that
this ratio may be affected by environ-
mental conditions.

Earliness of Flowering-Male-Data
were also collected on earliness of

flowering for both male and female
blossoms. Tables 22 and 23 give the
average number of days to male
flowering from planting for the parents
and hybrids for 1946 and 1947, re-
spectively.
The date of appearance of the male

blossoms between the parent varieties
showed no similarity for the two sea-
sons. In 1946 Golden Hubbard produced
male blossoms first, followed by Boston.
Marrow, Greengold, and Golden De-
licious. Golden Hubbard and Boston
Marrow were significantly earlier than
Golden Delicious. In 1947 Greengold
produced male blossoms earliest, fol-
lowed by Golden Hubbard, Golden De-
licious, and Boston Marrow. Greengold
was significantly earlier than the other
three varieties. Golden Hubbard was
significantly earlier than Boston Mar-
row. In 1946 (table 22) the hybrid with
Greengold as the female was signifi-

Table 22. Average Number of Days to Flowering from Planting for Male Flowers

of the Parents and Hybrids, 1946

Variety Female Male • F, hybrids

Greengold x Golden Delicious ..........................................................
Golden Delicious x Greengold .................................
Greengold x Golden Hubbard...............................................................................................................
Golden Hubbard x Greengold ............................................................
Boston Marrow x Greengold ..... .............

51.02
52.30
51.02
49.37
49.55

52.30
51.02
49.37
51.02
51.02

46.77
44.90
49.53
45.73
47.23

days.
Difference required for significance at 5 per cent point, 1.79 days and at 1 per cent point, 2.40

Table 23. Average Number of Days to Flowering from Planting for Male Flowers

of the Parents and Hybrids, 1947

Variety Female Male F, hybrids

Greengold x Golden Delicious ............................................................
Golden Delicious x Greengold

Greengold x Golden Hubbard
Golden Hubbard x Greengold

Greengold x Boston Marrow ...............................................................

Boston Marrow x Greengold ...............................................................

Boston Marrow x Golden Delicious .............................................
Golden Delicious x Boston Marrow ............................................

Boston Marrow x Golden Hubbar 
Golden Hubbard x Boston Marrow..............................................

Golden Hubbard x Golden Deliciou ... 

Golden Delicious x Golden Hubbard...............................

61.2
70.0

61.2
66.6

61.2
71.6

71.6
70.0

71.6
66.6

66.6
70.0

70.0
61.2

66.6
61.2

71.6
61.2

70.0
71.6

66.6
71.6

70.0
66.6

63.0
64.6

60.3
63.0

63.3
63.3

64.0
64.3

66.6
62.3

64.3
67.0

Difference required for significance at 5 per cent point. 5.25 days and at 1 per cent point, 7.08
days.
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cantly later than was the hybrid utiliz-
ing Greengold as the male. The recipro-
cals of Greengold and Golden Delicious
were both significantly earlier than the
parent varieties.
The number of days to male flowering

for the reciprocals of Greengold and
Golden Hubbard suggest a relationship
with the number of days to flowering of
the female parent. The reciprocals of
Greengold and Golden Delicious suggest
the opposite or male relationship. Al-
though there were no significant dif-
ferences between the reciprocals in
1947, there was a tendency of the Fi
hybrid to resemble its maternal parent
in days to flowering.

Earliness of Flowering-Female-
The average number of days to female
flowering from planting in 1946 and
1947 for the parents and Ili hybrids is

given in tables 24 and 25, respectively.
The relationship between the pa-
rental varieties as to earliness of fe-
male blossoming is shown to be
identical for both years. Greengold
produced female flowers earliest fol-
lowed by Golden Hubbard, Boston
Marrow, and Golden Delicious. Green-
gold and Golden Hubbard were signifi-
cantly earlier than Golden Delicious in
1946 and significantly earlier than
Golden Delicious and Boston Marrow
in 1947.
The number of days to development

of female flowers was significantly dif-
ferent between the reciprocals in each
of the two combinations tested in 1946.
These differences have a positive asso-
ciation with the paternal differences. In
1947, the reciprocals of Greengold by
Golden Delicious were again signifi-

Table 24. Average Number of Days to Flowering from Planting for Female Flowers
of the Parents and Hybrids, 1946

Variety Female Male F, hybrids

Greengold x Golden Delicious ............................................................ 56.98 61.98 57.33
Golden Delicious x Greengold ........................................................... 61.98 56.98 51.80

Greengold x Golden Hubbard, 56.98 58.33 58.95
Golden Hubbard x Greengold 58.33 56.98 53.36

Boston Marrow x Greengold .................................................................. 59.38 56.98 47.23

Difference required for significance at 5 per cent point, 2.95 days and at 1 per cent point, 3.95
days.

Table 25. Average Number of Days to Flowering from Planting for Female Flowers
of the Parents and Hybrids, 1947

Variety Female Male F, hybrids

Greengold x Golden Delicious ........................................................ 72.0 86.6 79.6
Golden Delicious x Greengold 86.6 72.0 67.6

Greengold x Golden Hubbard ............................................................ 72.0 74.6 71.6
Golden Hubbard x Greengold ....................................................... 74.6 72.0 74.3

Greengold x Boston Marrow .................................................................. 72.0 82.3 69.0
Boston Marrow x Greengold 02.3 72.0 68.6

Boston Marrow x Golden Delicious ........................................... 82.3 86.6 73.3
Golden Delicious x Boston Marrow ......................................... 86.6 82.3 79.0

Boston Marrow x Golden Hubbard 82.3 74.6 75.3
Golden Hubbard x Boston Marrow ................................................ 74.6 82.3 70.6

Golden Hubbard x Golden Deliciou 
Golden Delicious x Golden Hubbard.........................................

74.6
86.6

86.6
74.6

80.3
73.6

Difference required for significance at 5 per cent point, 7.07 days and at 1 per cent point, 9.84
days.
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cantly different with the Fi hybrids
showing a positive association with the
paternal parents. None of the other
combinations tested in 1947 gave a sig-
nificant difference between reciprocals.

Yield Data

Number of Fruits Per Plant-The
number of fruits per plant was counted

at harvest time. Tables 26 and 27 give

number of fruits per plant for parents

and hybrids for 1946 and 1947.
Greengold produced the largest num-

ber of fruits for the two seasons fol-
lowed by Golden Hubbard, Boston
Marrow, and Golden Delicious. The
number of fruits produced by Green-
gold was significantly larger than that
of the remaining three varieties in
1946. Golden Hubbard produced signifi-
cantly more fruits than Boston Marrow
and Golden Delicious in 1946. There
were no significant differences between
the parental varieties in 1947. There

was only one case of a significant
difference between reciprocals and that
involved Greengold by Golden Hub-
bard in 1946. Among the reciprocal
pairs grown in 1946 there appeared to
be a parental association of number of
fruits of the hybrids to the number of
fruits of the parental parent. This
paternal association was also suggested

\ by the reciprocal crosses of Greengold
with Golden Delicious and by Green-
gold with Boston Marrow in 1947 and
by the reciprocals of Boston Marrow
with Golden Delicious.
Fruit Size-The size relation of the

fruits is based on the weight of the
individual fruits. Tables 28 and 29 give
the weights of the individual fruits for
the parents and Fi hybrids for 1946
and 1947, respectively.
Boston Marrow produced the largest

fruits in both seasons followed in order
by Golden Delicious, Golden Hubbard.,
and Greengold. There were no signifi-
cant differences between Boston Mar-

Table 26. Number of Fruits per Plant of the Parents and F1 Hybrids, 1946

Variety Female Male F, hybrids

Greengold x Golden Delicious ......................................................... 9.13 3.00 5.98

Golden Delicious x Greengold 3.00 9.13 6.13

Greengold x Golden Hubbard ............................................................ 9.13 6.10 6.77

Golden Hubbard x Greengold 6.10 9.13 9.13

Boston Marrow x Greengold 3.88 9.13 6.10

Difference required for significance at 5 per cent point, 1.85 and at 1 per cent point, 2.47.

Table 27. Number of Fruits per Plant of the Parents and F1 Hybrids, 1947

Variety Female Male Fi hybrids

Greengold x Golden Delicious 3.89 2.17 2.67

Golden Delicious x Greengold 2.17 3.89 3.33

Greengold x Golden Hubbard ........................................................... 3.89 3.00 3.00

Golden Hubbard x Greengold 3.00 3.89 2.63

Greengold x Boston Marrow ...... 3.89 2.83 3.50

Boston Marrow x Greengold .............................................................. 2.83 3.89 4.44

Boston Marrow x Golden Delicious 2.83 2.17 2.83

Golden Delicious x Boston Marrow ........................................... 2.17 2.83 3.22

Boston Marrow x Golden Hubbard 2.83 3.00 2.45

Golden Hubbard x Boston Marrow ............................................. 3.00 2.83 3.83

Golden Hubbard x Golden Delicious .......................................... 3.00 2.17 4.67

Golden Delicious x Golden Hubbard ....................................... 2.17 3.00 3.33

No significant differences.
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row and Golden Delicious for the two
seasons, but both varieties were signifi-
cantly larger than Greengold in 1946
but not in 1947.
The weight of individual fruits did

not differ significantly between recipro-
cals except for the 1946 reciprocals be-
tween Greengold and Golden Delicious.
The difference between the F1 hybrids
of this reciprocal combination was
small compared to the differences be-
tween the parents.

Yield per Plant-The weight of
fruits per plant or yield is a function of
the product of the number of fruits
per plant by the weight of the indi-
vidual fruits per plant. The weight of
fruits per plant of the parents and Ili
hybrids for 1946 and 1947 is given in
tables 30 and 31, respectively.
Boston Marrow produced the largest

yield in both seasons followed by
Golden Delicious, Golden Hubbard, and

Greengold. In 1946 Boston Marrow
yielded significantly more than the
other three varieties. Greengold yielded
significantly less than Golden Delicious.
There were no significant differences
between Golden Delicious and Golden
Hubbard and Greengold and Golden
Hubbard. In 1947 there were no signifi-
cant differences between the parental
varieties.
The average yield of fruits per plant

was not significantly different between
reciprocals except for the 1946 recipro-
cals between Greengold and Golden
Hubbard. The difference between the F1
hybrids of this reciprocal was signifi-
cant at the 5 per cent level.

Fruit Characteristics
The F1 hybrids of the reciprocal

crosses appeared to be similar for the
fruit characteristics of shape, color, and
shell hardness.

Table 28. Weight of Individual Fruits of the Parents and Fi Hybrids, 1946

Variety Female Male F, hybrids

pounds pounds pounds
Greengold x Golden Delicious ............................................................ 3.19 13.66 9.70
Golden Delicious x Greengold 13.66 3.19 7.88

Greengold x Golden Hubbard ........................................................... 3.19 6.75 4.95
Golden Hubbard x Greengold .......................____________. 6.75 3.19 5.31

Boston Marrow x Greengold ............................................................... 15.10 3.19 9.87

Difference required for significance at 5 per cent point, 1.69 lbs. and at 1" per cent point, 2.26 lbs.

Table 29. Weight of Individual Fruits of the Parents and F1 Hybrids, 1947

Variety Female Male F1 hybrids

pounds • pounds pounds
Greengold x Golden Delicious .........._________........... 2.10 6.12 4.74
Golden Delicious x Greengold 6.12 2.10 5.62

Greengold x Golden Hubbard ............................................................ 2.10 3.02 2.55
Golden Hubbard x Greengold 3.02 2.10 3.89

Greengold x Boston Marrow ..... 2.10 6.77 5.07
Boston Marrow x Greengold 6.77 2.10 5.23

Boston Marrow x Golden Delicious ..........___............................. 6..77 6.12 5.99
Golden Delicious x Boston Marrow 6.12 6.77 4.60

Boston Marrow x Golden Hubbard ......................._................ 6.77 3.02 6.71
Golden Hubbard x Boston Marrow 3.02 6.77 4.87

Golden Hubbard x Golden Delicious 3.02 6.12 5.66
Golden Delicious x Golden Hubbard 6.12 3.02 7.42

Difference required for significance at 5 per cent point, 1.89 lbs. and at 1 per cent point, 2.55 lbs.
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Table 30. Average Yield of Fruits per Plant of the Parents and F1 Hybrids, 1946

Variety Female Male Fi hybrids

pounds pounds pounds

Greengold x Golden Delicious 28.07 39.20 57.77

Golden Delicious x Greengold 39.20 28.07 51.60

Greengold x Golden Hubbard ........................................................... 28.07 36.93 34.48

Golden Hubbard x Greengold 36.93 28.07 46.63

Boston Marrow x Greengold 58.12 28.07 60.33

Difference required for significance at 5 per cent point, 11.25 lbs. and at 1 per cent point,

15.04 lbs.

Table 31. Average Yield of Fruits per Plant of the Parents and F1 Hybrids, 1947

Variety Female Male Fi hybrids

pounds pounds pounds

Greengold x Golden Delicious 7.70 13.25 16.5

Golden Delicious x Greengold 13.25 7.70 18.66

Greengold x Golden Hubbard 7.70 12.67 7.67

Golden Hubbard x Greengold 12.67 7.70 7.73

Greengold x Boston Marrow 7.70 19.6 11.33

Boston Marrow x Greengold 19.6 7.7 23.61

Boston Marrow x Golden Delicious ............................................ 19.6 13.25 16.66

Golden Delicious x Boston Marrow 13.25 19.6 15.27

Boston Marrow x Golden Hubbard ............................................. 19.6 12.67 15.61

Golden Hubbard x Boston Marrow ....................................... ..... . 12.67 19.6 19.25

Golden Hubbard x Golden Deliciou 

Golden Delicious x Golden Hubbard...........................................

12.67
13.25

13.25
12.67

26.83
24.72

Difference required for significance at 5 per cent point, 13.04 pounds.

Figures 1 .through 6 show the fruit

shape as typified by the parents and

reciprocals. The hybrids are pictured

in the center of each photo and are

adjacent to their maternal parent. As

indicated, the shape of the hybrids is

dependent on the dominance of the

parental type. The nearly complete

dominance of the flat shape of Green-

gold over that of the turbinate and

globular as exhibited by the commer-

cial types is evident. Incomplete domi-

nance is indicated by the reciprocals of

the turbinate and the globular fruit

types.
All the Fi hybrids were orange or

orange red. Green striping and green

blossom end areas were almost lacking

in the hybrids of all crosses.
Greengold and Golden Hubbard were

the only hard shelled varieties. Only
the reciprocals of these two varieties

were hard shelled. Reciprocals having
Boston Marrow or Golden Delicious as
one or both of the parents were soft
shelled.

DISCUSSION

Many of the characters studied gave
reciprocal differences in either the F1
seed or the F1 hybrid. The characters
of seed size, seed weight, embryo
weight, cotyledon size, length of vine
as determined by periodic measure-
ments, growth rates, number of male
flowers per plant, average number of
days to male flowering, and yield per
plant were found to be associated with
the expression of these characters in
the maternal parent.
The characters of average number

of days to female flowering, number of
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Fig. 1. 1—Greengold, 4—Greengold x Golden Delicious, 14—Golden Delicious x Greengold,

and 13—Golden Delicious. Fig. 2. 1—Greengold, 3—Greengold x Golden Hubbard, 10—Golden

Hubbard x Greengold, 9—Golden Hubbard. Fig. 3. 1—Greengold, 2—Greengold x Boston

Marrow, 6—Boston Marrow x Greengold, and 5—Boston Marrow.

female flowers per plant, number of
ovaries, number of fruits per plant, and
weight of individual fruits per plant
were found to be associated with the
expression of these characters in the
paternal parent. In a few cases a sig-

nificant difference was obtained be-
tween reciprocals whose parents
showed no difference for .this character.
The most distinctive difference be-

tween reciprocals was obtained for the
F, seed characters. These may have
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Fig. 4. 5—Boston Marrow, 8—Boston Marrow x Golden Delicious, 15—Golden Delicious x

Boston Marrow, and 13—Golden Delicious. Fig. 5. 5—Boston Marrow, 7—Boston Marrow x

Golden Hubbard, 11--Golden Hubbard x Boston Marrow, and 9—Golden Hubbard. Fig. 6. 13—

Golden Delicious, 12—Golden Delicious x Golden Hubbard, 16—Golden Hubbard x Golden

Delicious, and 9—Golden Hubbard

influenced subsequent growth and de-
velopment of the cotyledon and plant
characters in the Fi plants to give the
reciprocal differences obtained where
maternal influence was indicated.
Table 32 gives the summary of the

characteristics of the reciprocals as
compared with the seed size of the
maternal parent.

Significant differences in seed size are
observed among all the parents of the
reciprocal crosses except between• the



Table 32. Characteristics of the Reciprocals as Related to Seed Size of the Female

Seed size
of

maternal Seed
parent size

Seed
weight

Embryo Embryo
weight seed

Coty-
ledon
sizet

Vine
growth measurements at successive intervals

1 2 3 4 5 6 Final

1946 Crosses sq. cm. sq. cm. mg. mg. per cent sq. cm.
Greengold x Golden Delicious ....................................... 1.23 1.31 ' 8.05 13.47 20.73 26.60 37.12 46.73 683.67
Golden Delicious x Greengold .................................... 2.16* 2.23* 13.10* 24.47* 35.62* 44.70* 56.67* 66.67* 651.50

Greengold x Golden Hubbard ................................. 1.23 1.16 4.87 9.37 15.80 23.07 35.43 44.78 772.50
Golden Hubbard x Greengold .................................... 1.93* 1.23* 11.57* 23.90* 25.80* 45.87* 60.27* 71.60* 850.67

1947 Crosses
Greengold x Golden Delicious ................................. 1.15 1.18 219.4 172.4 78.75 21.34 7.6 15.3 21.3 34.3 58.6 93.6 451.3
Golden Delicious x Greengold .................................... 2.24* 2.28* 361.8* 263.2* 71.78 25.22* 16.6 43.6 61.6 80.6 127.0 195.3* 722.0

Greengold x Golden Hubbard .................................. 1.15 1.06 172.4 131.6 76.34 20.83 12.3 32.6 59.0 94.0 138.3 167.0 740.0
Golden Hubbard x Greengold .............................. 1.94* 2.19* 370.0* 265.2* 71.77 30.35* 24.3 44.3 76.6 102.6 182.0 269.0* 799.3

Greengold x Boston Marrow ................................... 1.15 1.20 178.2 135.8 76.21 21.57 19.3 30.3 47.6 66.3 126.3 159.0 543.3
Boston Marrow x Greengold ....................................... 2.18* 2.20* 409.4* 285.0* 69.72 33.29* 13.3 28.0 49.3 73.0 124.6 183.6 754.3

Boston Marrow x Golden Delicious .................... 2.18 2.45* 476.6* 330.2* 64.79 28.90* 16.0 33.0 61.3 82.0 151.6 189.0 863.3
Golden Delicious x Boston Marrow .................. 2.24 2.13 338.2 219.2 69.53 25.30 25.6 62.6 101.6 138.6 204.0 267.0 656.6

Golden Hubbard x Boston Marrow ..................... 1.94 1.70 306.4 221.4 70.92 ............ 24.3 51.6 74.3 101.0 156.3 191.0 643.3
Boston Marrow x Golden Hubbard ..................... 2.18* 2.46* 435.8* 319.2* 73.29 30.28 18.3 38.6 71.0 97.6 151.0 184.3 761.6

Golden Hubbard x Golden Delicious .................. 1.94 2.30* 392.2* 271.8* 69.36 29.14* 16.3 34.6 60.0 99.3 171.0 217.0 641.6
Golden Delicious x Golden Hubbard .................. 2.24* 2.07 279.6 182.8 66.81 25.59 19.3 38.0 78.6 112.3 179.3 221.3 913.0



Table 32. Characteristics of the Reciprocals as Related to Seed Size of the Female-Continued

Flowers

Number Days to flowering

Fruit

Number Ratio
per
100

Number
per
plant Size

Yield
per

plantMale Female
of

ovaries Male Female

1946 Crosses lbs. lbs.
Greengold x Golden Delicious ................................... 26.18 3.88 689 22.00 46.77 57.33 5.98 9.70* 57.77
Golden Delicious x Greengold 39.30* 6.70* 576 28.00 44.90 51.80* 6.13 7.88 51.60

Greengold x Golden Hubbard 16.90 2.63 640 24.00 49.53 58.95 6.77 4.95 34.48
Golden Hubbard x Greengold 33.47* 6.80* 492 22.33 45.73* 53.36* 9.13* 5.31 46.63*

1947 Crosses
Greengold x Golden Delicious .................................... 59.0 7.0 843 63.0 79.6 2.67 4.74 16.5
Golden Delicious x Greengold ...._............................. 72.3 6.3 1,147 64.6 67.6* 3.33 5.62 18.66

Greengold x Golden Hubbard .................................... 57.0 9.0 633 60.3 71.6 3.00 2.55 7.67
Golden Hubbard x Greengold .................................... 61.0 20.3* 300 63.0 74.3 2.63 3.89 7.73

Greengold x Boston Marrow .......................................... 59.0 6.0 983 63.3 69.0 3.50 5.07 11.33
Boston Marrow x Greengold .......................................... 50.0 11.3 442 63.3 68.6 4.44 5.23 23.61

Boston Marrow x Golden Delicious ........................ 58.3 9.0 289 64.0 73.3 2.83 5.99 16.66
Golden Delicioui x Boston Marrow ..................... 76.0 11.6 799 64.3 79.0 3.22 4.60 15.27

Golden Hubbard x Boston Marrow ........................ 76.6 9.6 650 62.3 70.6 3.83 4.87 19.25
Boston Marrow x Golden Hubbard ........................ 24.0 8.5 648 _..••••••• 66.6 75.3 2.45 6.71 15.61

Golden Hubbard x Golden Delicious .................. 58.3 13.3 438 64.3 80.3 4.67 5.66 28.83
Golden Delicious x Golden Hubbard 67.0 9.3 720 67.0 73.6 3.33 7.42 24.72

* Significant Differences
11946 Cotyledon size at 24 hours
1947 Cotyledon size at time of first true leaf
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combination of Boston Marrow and
Golden Delicious. All the differences
between the remaining reciprocal
combinations were significant for seed
size, seed weight, embryo weight, and
cotyledon size. In all these seven re-
ciprocal pairs, except that of Golden
Hubbard with Golden Delicious, the
characters of the seed that were de-
veloped when the smallest seeded va-
riety was used as a female showed an
association with the seed size of the
maternal parent.
This maternal seed size interrelation

was further evident in all the remain-
ing growth and differentiation charac-
ters studied in all the hybrids except

for days to female flowering and fruit
size. This indicates the possibility that
seed size may also be a major factor in
the growth and development of the F1
hybrids.
The trend of these data suggest that

maternal influence, both as a genetic
factor and as a restricted seed size
factor, might be able to influence the
growth and development of the re-
sulting hybrid. Thus, in hybrids de-
rived from a cross where diverse seed
sized parents are utilized, the utiliza-
tion of the larger seed individual as the
maternal parent may prove advan-
tageous in combinations for the pro-
duction of Fi hybrids.

SUMMARY AND CONCLUSIONS

Reciprocal crosses of all possible
combinations of the varieties Green-
gold, Golden Delicious, Golden Hub-
bard, and Boston Marrow were studied.

Significant differences between re-
ciprocals were obtained in one or more
pairs of reciprocals for seed size, weight
of seed, weight of embryo, size of
cotyledon, length of vine as determined
by periodic measurements, growth
rates, number of male flowers per plant,
average number of days to flowering,
and yield per plant. The expression of
these characters were found to be as-
sociated with that of the maternal
parent.

Significant differences between re-
ciprocals also were found for average
number of days to female flowering,
number of female flowers per plant,
number of ovaries, number of fruits
per plant, and weight of individual
fruits per plant. The expression of these
characters was similar to that of the
paternal parent.
The evident effect of seed size on

parental growth and development was
indicated in that the smaller seeded
parent usually produced the smaller

plant and less yield when compared
with a larger seeded variety. This as-
sociation probably indicates an influ-
ence of seed size on the growth and
development of a variety. Characters
associated with seed size in the parents
were vine growth during the early
growth period, number of male flowers,
days to female flowering, weight of
individual fruits, and average yield per
plant.
Seed size of parents was also associ-

ated with characters of the F1 hybrid.
F1 seed characters, cotyledon size, vine
growth measurements at successive in-
tervals, number of male and female
flowers, days to male flowering, number
of fruits per plant, and yield per plant
showed a positive association to the
seed size of the maternal parent.
Maternal influence, both as a re-

strictive seed size factor and as a ge-
netic character, may be able to in-
fluence the growth and development of
the resulting hybrid. On this assump-
tion it appears possible to develop
better producing hybrids by using the
largest seeded individual as the female
parent.
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