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Pollen tube growth and seed production were investigated in a diallel involving
three cultivated species (Cucurbita moschata, C. maxima, C. pepo) and a PM line select-
ed from a cross between C. pepo x C. moschata in order to study the relationship
between pol len  tube  growth  and  cross  compat ib i l i ty . All species combinations
produced seeds with an embryo except one combination, C. pepo x C. maxima. The
PM line, ‘PM 143’ showed similar results to C. moschata cv. ‘Seoul-Dadagi’ in pollen
tube growth, fruit set and seed production in interspecific crosses. There were
reciprocal differences in pollen tube growth, fruit set and seed production in C.
moschata x C. maxima, PM x C. maxima and C. maxima x C. pepo. The differences in
seed production between reciprocal c r o s s e s  seem a result of the differences in pol-
len tube growth and in embryo development after fertilization.

INTRODHCTION

Interspecific hybridization in Cucurbita has been studied in order to trans-
fer promising characters from one species to other species and to determine
taxonomic relationships among taxa. Whitaker and Davis (1962) summarized
studies on interspecific crosses in the genus Cucurbita. A later striking work
was the breeding of PM lines, which have the early maturity and high fe-
male/male flower  ratio of C. pepo  cv. ‘Zucchini’ and the good flesh quality of
C. moschata cv. ‘Seoul-Dadagi’ (Kim and Seo, 1976). Non-cultivated species have
been crossed to cultivated species in order to exploit their disease resistance
and to study evolution in this genus (Whitaker and Bemis, 1964; De Vaulx and
Pitrat,  1980; Washek and Munger, 1983). Many workers have studied interspe-
cific relationships by assessing fruit and seed set, and fertility of hybrid off-
spring (Whitaker and Davis, 1962). However, only a few reports focus on
pollen tube growth in interspecific crosses (Hayase, 1950). Several techniques
have been shown to aid in expediting interspecific crosses in Cucurbita, i.e.
the use of highly heterozygous parents (Wall and York, 1962),  bridging crosses
(Rhodes, 1959),  and embryo culture (Wall, 1954).

In this study, in vivo pollen tube growth and seed production were investi-
gated in a diallel involving a PM line and three cultivated species (C. moscha-
ta, C. maxima and C. pepo)  in order to study the relationship between pollen
tube growth and cross compatibility.
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MATERIALS AND METHODS

These experiments were carried out at the University Farm, Faculty of
Agriculture, Kyushu University in 1984. We used C. moschatu  cv. ‘Seoul-Dada-
gi’, C. maxima cvs. ‘Kuri’ and ‘Ebisu’, C. pepo cvs. ‘Zucchini’ and ‘Ford Zucchini’
and a PM line, ‘PM 143’, selected from C. pepo cv. ‘Zucchini’ x C. moschata cv.
‘Seoul-Dadagi’, which resembles C. moschata in most characteristics. All of
these cultivars are highly inbred lines. They were sown on March 20 and
transplanted to the field on April 25. For each combination ten to twelve flow-
ers were pollinated. About 50 days after pollination, fruits were harvested
and after-ripened. Obtained seeds were sorted into empty seed, seed with a
partially developed embryo and seed with a fully developed embryo.

For examining pollen tube growth, the same materials were sown directly
in the field on August 24. To compare pollen tube growth in a self with that
in an interspecific cross, we used ‘Zucchini’ selfs and ‘Zucchini’ x ‘Kuri’. The
pollinated pistils were harvested at 1, 3, 6, 10, 15, 21, 36, 72, and 96 hours
after pollination. In the diallel crosses, more than six flowers were pollinated
for each cross, and the pistils were harvested three days after pollination.
The lengths of the style above the ovary, the ovary, and the stylar canal in
the ovary of selfs were measured. Pollen tube growth was examined by fluo-
rescence microscopy using Kho and Baer’s method (1968). We observed pollen
tube growth at six cross sections of each flower, i.e. the middle part of the
style above the ovary, the point where the style enters the ovary, and l/4,
Z/4, 3/4, and 4/4 the depth of the stylar canal in the ovary. The number of
pollen tubes which had penetrated to each depth were counted.

RESULTS

Percent fruit set in intra- and inter-specific crosses among a PM line and
three cultivated species of Cucurbita  are presented in Table 1. Fruit set in all
intraspecific crosses was at least 80 %. Interspecific crosses showed 0 to 100%
fruit set, with only one combination, ‘Zucchini’ x ‘Ebisu’, producing no fruit.
Percent fruit set of the PM line in interspecific crosses was in most cases si-
milar to that of C. moschata cv. ‘Seoul-Dadagi’. When used as the female par-

Table I. Percent fruit set in intra- and inter- specific crosses of Cucurbita

\-.--\ PM* C. moschata C. maxima C. pep0
9 --, ___. _~~~ ~~~~~_ __‘. 8

“1 PM 143 Seoul-Dadagi Kuri Ebisu Zucchini Ford Zucchini

PM 143 - 90. 9 83. 3 33. 3 10.0 75. 0
Seoul-Dadagi 100 - 75. 0 50.0 70.0 100
Kuri 33. 3 33.3 - 85. I 10.0 58.3
Ebisu 100 100 80.0 58. 3 50.0
Zucchini 75. 0 8.3 16. 7 0 100
Ford Zucchini 100 83.3 100 100 100 -

* A line selected from C. pepo x C. moschata.
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ent, C. pepo  cv. ‘Ford Zucchini’ showed a higher percent fruit set than the
other cultivars. When used as the pollen parent, C. pepo  cv. ‘Zucchini’ had
lower ability to set fruit than any other cultivar.

Table 2 presents seed production per pollinated flower on the basis of
embryo development. Embryo development in the cross between the P M
line, ‘PM 143’, and C. moschata cv. ‘Seoul-Dadagi’ was similar to that in intra-
specific crosses of C. maxima and C. pepo. Seeds with a fully developed embryo
were obtained in crosses between PM, C. moschata and C. maxima, and another
cross, ‘Zucchini’ x ‘PM 143’. C. maxima x C. moschata and C. maxima x PM pro-
duced about ten seeds with a fully developed embryo per pollinated flower.
In their reciprocal crosses, ‘Ebisu’ showed lower ability to produce seeds with
a fully developed embryo than ‘Kuri’. PM x C. pepo and C. moschata x C. pepo
produced a few seeds with a partially developed embryo reciprocally. Unilat-
eral incompatibility was found in the cross between C. maxima and C. pepo.  C.
maxima x C. pepo produced 1.5-8.5 seeds with a partially developed embryo, but
its reciprocal cross produced no seeds with an embryo.

The lengths of the style above the ovary, the ovary, and the stylar canal

Table 2. Seed production per pollinated flower in intra- and inter- specific
crosses of Cucurbita

1. P M C. moschata C. maxima C. pep0
P ‘,

. 8 ~-.___
PM 143 Seoul-Dadagi Kuri Ebisu Zucchini Ford Zucchini

A* - 0 13.5 0.8 1. 0 19. 3
PM 143 B - 2. 5 2.9 2.9 0. 1 3.8

C 224.2 9.2 0 0 0

A 0 - 15.4 2.3 14. 6 44.0
Seoul-Dadagi B 1.1 3. 7 1.9 2.3 8.0

C 198.5 - 9.4 0.8 0 0

A 13.8 s. 3 0 5. 6 21.3
Kuri B 8.8 3.7 4. 1 1. 5 1.9

C 7.5 11.4 - 140.3 0 0

A 8. 3 4. 0 0 22. 1 17.9
Ebisu B 34.6 52. 4 8.9 z 8. 5 1.6

C 11.5 15. 7 74.1 - 0 0

A 1. 3 4. 4 2. 9 0 - 0
Zucchini B 3.9 1.9 0 0 2. 4

C 1. 4 0 0 0 - 98.0

A 7. 7 5. 1 14.9 13. 1 0
Ford Zucchini B 4.6 1. 9 0 0 3.3 1

C 0 0 0 0 117.6

* A, empty seed; B, seed with a partially developed embryo; C, seed with a
fully developed embryo.
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in the ovary of selfs measured at three days after pollination are presented
in Table 3. The range in length of the style above the ovary was 2.0-3.2
cm. Total stylar canal length was very different among cultivars. The long-
est total stylar canal was 12.1 cm in a pistil of ‘PM 143’, and the shortest was
4.1 cm in a pistil of ‘Ebisu’.

Table  3.. Lengths of style above the ovary, ovary, and stylar canal in the
ovary of selfs measured three days after pollination

Cultivar Style above
the ovary

(cm)

Ovary

(cm>

PM 143
Seoul-Dadagi
Kuri
Ebisu
Zucchini
Ford Zucchini

3. oio. 2
3.2+0.  1
2. 5fO. 1
2. 2kO.2
2.4kO.l
2, oio, 1

11.6k1.5
11.2+0.6
4. oto. 5
3.9+0.  4

12.6+X 2
10.3fl.  0

Stylar  canal
in the ovary

(cm)

9. l&l. 2
I. 8-tO. 7
2. lf0.3
1.9io. 1
9.251.5
6.920.6

Tota..;slar

(cm>

12. lfl. 4
11.0+-o.  3
4. 6fO. 4
4. 1+-o.  5

11.621.4
8.9&O.  7

Fig. 1 depicts the pollen tubes at cross sections of a pistil. With the aid
of the fluorescence technique the pollen tubes in the stylar canal were clearly
discernible,

Fig. 2 shows pollen tube growth in ‘Zucchini’ selfs and ‘Zucchini’ x ‘Kuri’
observed at various hours after pollination. One hour after polliation, pollen
had germinated on the stigma in both crosses. Six hours after pollination,
pollen tubes of ‘Zucchini’ had penetrated into the stylar canal in the ovary of
‘Zucchini’, but those of ‘Kuri’ had not. By 72 hours after pollination, po l len
tubes of ‘Zucchini’ selfs had grown into about 4/4 the depth of the stylar
canal in the ovary. However, pollen tubes of ‘Kuri’ had grown to about l/4
the depth of the stylar canal in the ovary of ‘Zucchini’ and had been arrested
there.

Pollen tube growth in intra- and inter-specific crosses is shown in Fig. 3.
Selfs and intraspecific crosses resulted in good pollen tube growth. Pollen
tube growth in the crosses between ‘PM 143’ and C. moschata cv. ‘Seoul-Dadagi’
was similar to that in intraspecific crosses. When C. maxima was used as the
female parent, the interspecific crosses showed good pollen tube growth. In
C. pepo,  the interspecific crosses of ‘Zucchini’ showed poor pollen tube growth,
but those of ‘Ford Zucchini’ showed good growth.

DISCUSSION

Reports on interspecific hybridization within the genus Cucurbita are rath-
er extensive (Whitaker and Davis, 1962). But according to Whitaker and
Davis’ summary, interspecific hybrids can be obtained only with difficulty from
most species combinations of the cultivated Cucurbita. Our results showed that
all species crosses produced seeds with an embryo except C. pepo x C. maxima
(Table 2). In our study, ‘PM 143’, selected from C. pepo  cv. ‘Zucchini’ x C. mos-
chata cv. ‘Seoul-Dadagi’, was crossed with three cultivated species to investi-
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Fig. 1. C r o s s  sections showing the penetration of pollen tubes into the
stylar canal. A,  many pol len  tubes  a t  the  poin t  where  the  s ty le  en ters
the ovary; B, many pollen tubes in the stylar canal in the ovary; C, three
pollen tubes in the stylar canal in the ovary; D, no pollen tubes in the
stylar canal in the ovary.

gate the possibilty of using ‘PM 143’ as a bridge plant. Although ‘PM 143’ has
the cytoplasm of C. pepo,  ‘PM 143’ x ‘Seoul-Dadagi’ reciprocally produced as many
seeds as intraspecific crosses, and pollen tube growth and seed production in
interspecific crosses of ‘PM 143’ showed similar results to those of ‘Seoul-Da-
dagi’. These results indicate that the interaction between the cytoplasm and
the nuclear genes does not play an important role in the success of interspe-
cific crosses of Cucurbita. The differences between cultivars of C. maxima re-
sulted in the great differences in seed production in PM x C. maxima and C.
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‘Zucchini’ selfs ‘Zucchini’ X ‘Kuri’
Hours Pollen tube growth
after Hours Pollen tube growth

Polli- above
nation

Style Sty;a;v;y;al after Style Stylar canal
polii-  above in ovary

ovary  0 l/4 2/4 3/4 4/4 nation Ovary  0  l/4 2/4 3/4 4/4

Fig. 2. Pollen tube growth in ‘Zucchini’ selfs and ‘Zucchini’ x ‘Kuri’ ob-
served at various hours after pollination. u, more than 30 pollen tubes
observed ; 0, lo-30 pollen tubes observed; , l-9 pollen tubes observed.

m o s c h a t a  x C.  maxima.  Accordingly, the genetic constitution seems important
in the success of interspecific crosses of Cucurbita.

Total stylar canal length was very different among cultivars (Table 3). C.
maxima, with a short stylar canal, showed good pollen tube growth in the
ovary of ‘Ford Zucchini’, with a long stylar canal (Fig. 3). So we suggest
that the difference between the stylar canal length of the cultivars is not
so important in interspecific crosses of Cucurbita.

Pollen tubes of C. maxima cv. ‘Kuri’, compared with those of ‘Zucchini’,
grew slowly and were arrested at about l/4 the depth of the stylar canal in
the ovary of C. pepo cv. ‘Zucchini’ (Fig. 2). These results were consistent
with Hayase’s findings (1950) that pollen tube growth in C. pepo  x C. maxima is
inhibited in the upper region of the ovaries. However, pollen tubes in other
crosses, C. pepo  cv. ‘Ford Zucchini’ x C. maxima cv. ‘Kuri’ or ‘Ebisu’, grew into
3/4 the depth of the stylar canal in the ovary (Fig. 3). These differences
may result from the difference in cultivars involved.

The observations on pollen tube growth in the stylar canal agreed with
fruit set as a rule, but did not always agree with seed production. Although
‘Ford Zucchini’ x C. maxima showed good pollen tube penetration into the deep
stylar canal in the ovary, they produced no seeds with an embryo. We ob-
served many ovules penetrated by pollen tubes in these crosses. These results
indicate that after fertilization the embryo may degenerate in the early devel-
opmental stage.

Reciprocal crosses showed great differences in pollen tube growth, fruit
set and seed production in C. moschata x C. maxima, PM x C. maxima and C. max-
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Pollen tube growth Pollen tube growth -

Cross ,"$j$
Stylar canal Cross Style Stylar canal

in ovary above in ovary
Ovary  0 l/4 Z/4 3/4 4/4 ovary  0 l/4 Z/4 3/4 4/4

I I I I I I I I I I I I I

. .
n 1 n ,

cx

t- I-
A
B

FX;

E
F

Fig. 3. Pollen tube growth in intra- and inter- specific crosses of Cuczir-
bita. A, a PM line, ‘PM 143’;  B, C. lnoschata  cv. ‘Seoul-Dadagi’; C and D,
C. maxima cvs.  ‘Kuri’ and ‘Ebisu’; E and F, C. &PO cvs. ‘Zucchini’ and ‘Ford
Zucchini’. 0, more than 30 pollen tubes observed; 0, lo-30  pol len  tubes
observed ; -, 1-9 pollen tubes observed.

ima x C. pepo.  The differences in pollen tube’ growth and embryo development
may result in the differences in seed production between reciprocal crosses.
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