and that bulblet size and/or soil temperature
may affect leaf emergence.

Bulbs of ‘Hinomoto’ (14- to 16-cm in cir-
cumference), produced in Okino-Erabu Is-
land, Japan, were received on 15 July 1983,
and were dark-stored at 25°C. On 19 Sept.
the bulbs were hot-water treated (45° for 30
min), and the middle scales (3) were re-
moved from the parent bulbs and disinfected
in a 0.5% solution of 3a,4,7,7a-tetrahydro-
2-[(trichloromethyl)thio]-1-H-isoindole-
2,3(2H)-dione (captan) for 15 min. After air-
drying, the scales were packed in polyeth-
ylene bags filled with moist peatmoss and
placed in a temperature sequence of 25° for
10 weeks, 17° for 4 weeks, and 4° for 4
weeks, as modified from van Tuyl (4). On
23 Jan. 1984, scale bulblets were separated
into 2 size groups, large (L) and small (S).
The L bulblets were 8 to 11 mm in diameter
and the S were 6 to 7 mm in diameter. None
of the bulblets had emerged leaves. Half of
each group had their roots removed. All were
planted 1 to 1.5 cm deep in plastic pots filled
with sand. Bulblets (80 to 100) for each of
the 4 lots were grown without fertilizer at
25°, 20°, or 15° in darkness. Leaf emergence
was checked every 5 days for 50 days.

Root removal delayed and reduced leaf
emergence at temperatures of 25° and 20°C.
At the 15° temperature, root removal delayed
leaf emergence but did not affect the per-
centage of leaf emergence at the end of ex-
periment (Fig. 1).

Leaf emergence was delayed and percent-
age of leaf emergence was reduced with S
bulblets (except bulblets with roots at 15°C)
when compared to L bulblets. Accordingly,
independent of bulblet size, high tempera-
tures (25° and 20°) and root removal reduced
the leaf emergence percentage more than at
15°. Leaf emergence appears to be partially
dependent on size or maturity of newly formed
scale bulblets, as L- and S-size bulblets were
removed from the parent scales on the same
date. The large bulblets may be more mature
or sensitive to high temperature treatment,
i.e., more vernalized than smaller bulblets.

These results clearly show that the large
scale bulblets are more desirable than small,
and that the roots from small bulblets should
neither be cut off nor broken before planting.

At 25° and 20°C, the percentage of leaf
emergence was reduced but peaked more
rapidly when compared to the 15° treatment
(Fig. 1). In contrast, the 15° treatments al-
lowed almost 100% leaf emergence, but re-
quired 40-50 days. Such a high percentage
of leaf emergence at low temperatures has
been observed by Matsuo (2). At 15°, leaf
emergence from L bulblets without roots ini-
tially was delayed when compared to L bulb-
lets with roots.

Our present data and those from Matsuo
(2) also indicate that 1) 15°C temperature
acted as the additional low temperature for
vernalization, resulting in a high percentage
of leaf emergence as also observed in the
Netherlands; 2) 25° and 20° temperatures in-
hibited vernalization, except for those bul-
blets fully vernalized during the temperature
sequence, and resulted in lower percentage
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leaf emergence; 3) high temperatures after
planting bulblets in Japan (mean temperature
during September to October, 20° at Fuku-
oka), when compared to the Netherlands
(mean temperature in April, 10°), promotes
leaf emergence of previously vernalized
bulblets, and gradual lowering of the tem-
perature increases the amount of vernalized
bulblets and results in nonuniform leaf emer-
gence, as observed in ‘‘Rinpen-Kiribana-
Saibai’’.
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Two rapid methods for estimating cucurbitacin C (Cuc C) in cucumber

cotyledons are described. Both methods require a single cotyledon extracted with meth-
anol. The filtered extract is injected into a C18 HPLC column with methanol-water
(55:45) solvent, and quantitative estimates of Cuc C are obtained by UV detection at
254 nm. In the 2nd method, the extract is concentrated for spotting on silica gel TLC
plates, the TLC plates are developed with ethylacetate : benzene (75:25), and visualized
with vanillin-orthophosphate to give a semiquantitative estimate of Cuc C. The 2 meth-
ods are quick and suited for screening seedlings for cucurbitacin levels in segregating
populations to select for cucumber beetle resistance and for nonbitter fruit.

Cucurbitacins (Cucs) are a group of bitter
secondary plant substances that occur mainly
in the Cucurbitaceae (4, 5), but also in other
families (7, 8). These compounds are very
toxic (13) and are responsible for the bitter
flavor of fruit. Occasional poisonings have
been reported in people eating bitter squash
(9, 12); however, such poisonings are rare
because of the extremely bitter flavor of fruits.
Different Cucs are present in various species
of the Cucurbitaceae, and they have chemo-
taxonomic value (5).

Andeweg and de Bruyn (1) reported that
most cucumber cultivars have bitter foliage,
and their fruit have the potential to be bitter,
depending on the environment. A few cul-
tivars never develop bitter fruit, but their

Received for publication 29 Aug. 1985. The cost
of publishing this paper was defrayed in part by
the payment of page charges. Under postal regu-
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! On leave from the Institute of Soil Science and
Plant Cultivation, Dept. of Biochemistry and Plant
Physiology, 24-100 Pulawy, Poland.

vegetative parts are bitter. These workers
found a spontaneous mutant, recessive for
the bi gene, that had nonbitter foliage as well
as fruit. This gene is the basis for the non-
bitter cultivars that have become popular in
recent years. Barham (2) determined that a
single dominant gene (Bf) was responsible
for the very bitter fruit of PI 173889, a cu-
cumber introduced from India.

The presence of Cuc C in cucumber cot-
yledons is associated with susceptibility to
cucumber beetles (3, 6, 11). The seedlings
containing no Cuc C are insect-resistant and
never produce bitter fruits. Testing for the
lack of Cuc in cucumber cotyledons, due to
bi, is a means of simultaneously selecting
for cucumber beetle resistance and for non-
bitter fruit.

Andeweg and de Bruyn (1) reported a rapid
micromethod for Cuc C, but they found it
was not suitable for analyzing cucumber fruit.
We found this test unreliable for cucumber
cotyledons also. Other methods employing
TLC and spectrophotometry and/or TLC and
HPLC are too slow for screening large num-
bers of plants in segregating populations (6).
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TLC chromatogram of methanol extracts from cotyledons of 19 F, seedlings showing the

segregation of 9 high : 4 medium : 6 zero cucurbitacin C. Pure cucurbitacin C was spotted at the

center of the plate.

In this paper we report rapid TLC and HPLC
methods for estimating Cuc C in cucumber
cotyledons.

Seeds of bitter (PI 173889, Bt Bt bi+ bi+),
and nonbitter (‘Spartan salad’, Bt* Bt* bi bi)
cucumbers, and the F, generation of a cross
of these parents were planted in pots in the
greenhouse. One cotyledon was taken from
each seedling 3-5 days after germination,
when the cotyledons were fully expanded.
The cotyledons were cut into small pieces,
placed in 1.5-ml centrifuge tubes, and ground
in 0.5 ml methanol with a cone-shaped pes-
tle. The tubes were closed, shaken, and al-
lowed to stand for one hour.

TLC analyses. Tubes were centrifuged and
the methanol extract was transferred to a new
tube and left overnight at 40°C until dry.
Thirty microliters of methanol was added to

DETECTOR RESPONSE

L L

each tube, which was then shaken and left
for one hour. Twenty-five microliters of the
extract was applied to a 10 X 20-cm silica
gel plate. Twenty samples were placed on
the plate along the long base, using a heat
gun (hair dryer) to speed methanol evapo-
ration. The plates were developed in ethyl
acetate : benzene (75:25), allowed to dry,
and sprayed with vanillin-orthophosphoric
acid in ethanol (14). Heating the plates at
120° for 5 min made the areas containing
Cuc C visible.

HPLC analyses. The methanol extracts
were filtered through 0.45-pm, 9-mm di-
ameter nylon membrane filters in a Schleicher
and Schuell microfiltration apparatus. Fif-
teen microliters of methanol extract was in-
jected in a Waters Model 45 HPLC, using
methanol: water (55 : 45) solvent at 2.0

u Fig. 2. HPLC chromatogram of meth-
anol extracts of bitter (1, 2, and 3),

2 4 2 4 2 4

RETENTION TIME (min)
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nonbitter (4), and pure cucurbitacine
C (5). Arrows show cucurbitacin C
peaks.

2 4

ml-min-!. Cuc C was separated from UV-
absorbing impurities on a 150 X 4.6-mm
C18 column and detected at 254 nm with a
Waters Model 440 detector. Cuc C was es-
timated by peak height measurements and
comparison with Cuc C standards isolated
from bitter cucumber fruits. Purity of the
standard was established by TLC (10) and
MS (11).

The difference in concentrations of Cuc C
in the cotyledons of bitter and nonbitter cu-
cumbers was easily observed by TLC. Pure
standard of Cuc C can be detected at 1 g
per spot. Analysis of the F, population of
bitter X nonbitter (Fig. 1) permitted selec-
tion of nonbitter individuals, as well as those
seedlings containing medium and high
amounts of Cuc C. Thirty-four F, seedlings
contained high amounts of Cuc C, 14 seed-
lings medium amounts, and 16 seedlings were
free of Cuc C. This does not differ signifi-
cantly from an expected 9:3:4 ratio, based
on segregation for bi and Br.

HPLC analyses of Cuc C in the cotyledons
confirmed the TLC results. The HPLC chro-
matograms show that Cuc C is well-sepa-
rated from the UV-absorbing contaminants
that are present in methanol extracts. The
HPLC analysis is a quick, quantitative
method; only 3 to 4 min is needed for each
sample injected. We found that the cotyle-
dons of the bitter cucumber parent contained
30-60 pg-g-! fresh weight of Cuc C, and
there was no detectable Cuc C in the non-
bitter parent (Fig. 2).

The weight of the cotyledons was very
uniform (0.4 = 0.03 g), so the whole co-
tyledon was used for the analyses. Due to
the large differences in Cuc C content, the
small differences in cotyledon weight did not
affect the classification.

Both methods are quick and well-suited
for screening for Cuc C-free seedlings, as
well as for classification for Cuc C concen-
tration in segregating populations. Because
only one cotyledon is needed for analysis,
the seedlings may be grown to produce fruit
for additional analyses and seed for breeding

purposes.
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The effects of gene B in Cucurbita moschata Poir. were studied by comparing

2 near-isogenic lines, PI 165561 (B+B+) and Precocious PI 165561 (BB) at 2 locations
in Israel. B significantly increased femaleness and number of fruits, but decreased fruit
size and yield and numerically decreased seed yield at one or both locations. Fruits of
B+*B heterozygotes were distinctly bicolor. There was a deficiency in the number of
bicolor-fruited plants in BC¢ progeny, the deviation from the expected 1:1 ratio of
green-fruited to bicolor-fruited being significant. Overall, the effects of B in C. mos-
chata were no different from its effects in C. pepo L.

Gene B of Cucurbita pepo L. is pleio-
tropic. Its primary effect is yellow or bicolor
yellow and green (instead of B*B* normal
green) color of the ovary, long before open-
ing of the flower. Among the manifold sec-
ondary effects of B are yellow spotting of
foliage, reduced growth rate of the fruit, re-
duced fruit size and productivity, increased
fruit quality, increased cracking of maturing
fruits, and decreased seed production. Which
of these secondary effects are manifested is
dependent on the genetic background. Gene
B originated as an unstable gene in the bi-
color ornamental gourds of C. pepo (13).

Besides the ornamental gourds, C. pepo
includes a host of cultivars grown for their
immature fruits (summer squash) as well as
numerous cultivars grown for their mature
fruits (pumpkins and winter squash). Among
the summer squash cultivars, gene B has
proven useful because it can impart intense
golden-yellow fruit coloration (11), slower
growth rate of the fruit (7), and slim fruit
shape (12), these characteristics are impor-
tant for increasing the yield quality (4) and
speed and efficiency of the harvest (6). Among
the pumpkin and winter squash cultivars, gene
B has proven useful because it imparts at-

Received for publication 2 Jan. 1986. Contribu-
tion No. 1612-E, 1985 series, from the Agricul-
tural Research Organization, Bet Dagan, Israel.
We thank D. Freudenberg and Y. Ventura of the
Hazera Seed Company for growing the plants and
providing facilities at Mivhor, respectively.
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tractive intense orange fruit coloration of the
rind and flesh (3) and increases carotene
content of the flesh (9).

Cucurbita moschata Poir. includes a wide
range of cultivars grown for their mature
fruits. Fruits of this species are considered
in many cases to be superior in quality to
those of C. pepo (16). Gene B was trans-
ferred recently, through 6 backcross gener-
ations, to C. moschata as a first step in
determining if B could be useful in improv-
ing cultivars of this species (5). Our purpose
was to study the effects of B in the genetic
background of C. moschata into which it was
first transferred, PI 165561.

Seeds of C. moschata PI 165561, B*B+,
were kindly provided by the USDA North
Central Plant Introduction Station, Ames,
Iowa, and maintained by self-pollination. A
BB line of PI 165561, designated ‘‘Preco-
cious PI 165561,”” was developed by cross-
ing a C. pepo accession carrying gene B with
PI 165561, followed by 6 generations of
backcrossing to PI 165561 and 2 generations

of self-pollination and selection for BB (5).

A 2-generation inbred of PI 165561, des-
ignated PI 165561-1-6 (B*B~), and Preco-
cious PI 165561 (BB) were compared in
Spring—Summer 1985 at Hazera Seeds,
Mivhor Farm (near Qiryat Gat, southcentral
Israel) and at Newe Ya’ar (near Qiryat Tiv’on,
northern Israel) using standard cultural prac-
tices at each location. Seeds were sown at
Mivhor on 15 Apr. and at Newe Ya’ar on 9
Apr. in groups 1.0 m apart within single rows
on raised beds, with 1.8 m between bed cen-
ters at the former location and 2.0 m at the
latter. The plants were thinned to one per
group after expansion of the first true leaf,
to give densities of 5556 plants-ha™ and 5000
plants-ha! at each of the respective loca-
tions. A paired experimental design with 4
replicates was employed at each location, with
5 plants per plot at Mivhor and 4 plants per
plot at Newe Ya’ar.

The node at which the first female flower
appeared on the main stem was recorded for
each plant and averaged for each plot. Fruit
yields and their components were deter-
mined for each plot. Seed yields and their
components were determined for each plot
only at Newe Ya’ar. Each of these variables
was subjected to a paired ¢ test.

Remnant seeds of the BCg accession used
in the development of Precocious PI 165561,
which had been obtained by crossing PI
165561 (B+*B+) with a BCs bicolor (B*B)
segregate, were sown singly, 0.5 m apart, at
Newe Ya’ar on 9 Apr. All of the resulting
plants were scored for fruit color, and the
data subjected to x? analysis.

The first female flower was produced ear-
lier, on a developmental basis, by Preco-
cious PI 165561, BB, than by the inbred of
PI 165561, B+*B+ (Tables 1 and 2). Node
number is a reliable indicator of female tend-
ency in cucurbits: the lower the node at which
the first female flower appears, the stronger
the female tendency (10). The increased fe-
male tendency of the precocious PI is in ac-

Table 1. Effects of gene B on pistillate flowering and yield of Cucurbita moschata at Mivhor, Israel.
Node of first Yield of
female flower No. fruits Fruit fruits

Genotype on main stem per plot wt (kg) (t-ha-1)

PI 165561, B+B + 333 8.0 4.96 42.7

Precocious PI 30.9 12.3 3.20 43.2

165561, BB
t 1.42 3.24 5.22 0.11
P 0.30-0.20 0.05-0.02 0.02-0.01 >0.50
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