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Abstract. Parthenogenetic haploid embryos of ‘Crimson Sweet’, ‘Halep Karasi’, ‘Sugar
Baby’ and ‘Panonia F1’ watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai] were
obtained after pollination with γ-irradiated (200 or 300 Gy) pollen. Some globular and
heart-shaped embryos were observed in fruit harvested 2 to 5 weeks after pollination. Th
number of embryos per 100 seeds was highest for ‘Halep Karasi’. After in vitro culture
17 haploid plants were obtained and doubled haploid lines were generated after chrom
some doubling using colchicine.
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Swaminathan and Singh (1958) report
the first haploid (n = 11) watermelon pla
with one haploid branch on a plant deriv
from seed treated with X-rays. Xue et a
(1983) used anther culture to obtain haplo
plants, but these plants failed to develop af
transplanting. In the Cucurbitaceae, parthe
genetic haploid melon (Cucumis melo L.) (Sari
et al., 1992a; Sauton, 1988) and cucum
(Cucumis sativus L.) (Niemirowicz-Szczytt
and Dumas de Vaulx, 1989; Truong-Andr
1988) plants were obtained after pollinatio
with γ-irradiated pollen. We used the sam
method to obtain haploid plants that then we
doubled; these plants can be used in wa
melon breeding programs.

Material and Methods

The watermelons used were an F1 hybrid
(‘Panonia’) and the open-pollinated line
‘Crimson Sweet’, ‘Halep Karasi’, and ‘Suga
Baby’. At 15-day intervals, starting from th
first week of January, we made seven sowin
to investigate the effect of season on hapl
embryo production. Seeds were sown in 0
liter pots filled with a steam-disinfected mix
ture of 1 peatmoss : 4 potting soil (v/v). Po
were placed on a germinating table that k
the soil at 25C in a greenhouse. Seedlings w
transplanted in natural soil in a greenhouse
under plastic tunnels. Double row spacing w
used at 50 to 100 cm, and plants had a 50
in-row spacing.

The day before anthesis, male flowers we
collected, and their petals and sepals w
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removed partially. The prepared buds we
put into glass tubes closed with cotton a
placed in a reactor that supplied γ rays from
Co60 at 0.85 Gy•min–1. A 300-Gy dose was
selected based on Sauton and Dumas
Vaulx’s (1987) results on melon. In som
experiments, we used a 200-Gy dose. Wh
possible, fresh pollen was used because irra
ated-pollen germination decreased rapidly (S
et al., 1992b). In some cases, we used po
extracted in n-pentane and stored at 4C (Ris
and Rode, 1984). The day before anthe
hermaphroditic flowers of the andromono
cious ‘Halep Karasi’ were emasculated a
enclosed in cellophane bags to avoid unco
trolled pollination by bees; the other cultiva
are monoecious. The following day, pollina
tions were made with the irradiated male flow
ers (at least three to four male flowers we
used per female flower), and the female flo
ers were covered with cellophane bags for 3
5 days. Fruit were harvested 2 to 5 weeks a
pollination and surface disinfected with 95
alcohol. Seeds were opened individually u
der a stereomicroscope in a laminar flow hoo
Embryos were initially cultured in petri dishe
(5 cm in diameter) on the basic E20A mediu
(Sauton and Dumas de Vaulx, 1987) supp
mented with 0.57 µM indole-3-acetic acid, trans-
ferred to the same medium in 22 × 2-cm tubes,
and incubated in climatic chambers at 26C a
12-h photoperiod (16 to 19 µmol•m–2•s–1, sup-
plied by cool-white fluorescent tubes).

Flow cytometry was performed at th
Institut Montpelliérain d’Imagerie Médico
biologique, Montpellier, France, using 
cytometer (model ACR 1400; Bruker
Montpellier, France) equipped with a mercu
vapor lamp (USHIO-102DH-100W) and fou
photomultiplier tubes (excitation waveleng
= 490 ± 10 nm, propidium iodide fluorescenc
= 640 ± 80 nm). The putative haploid plantle
were micropropagated in vitro, and m
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croshoots were transplanted to pots in 
greenhouse. Leaf tissues collected from 
croshoots and transplanted cuttings were a
lyzed for cytometry. Leaf tissues we
dilacerated with a razor blade in 0.5 ml 
phosphate buffer (pH 7.1) with (in mM) 20
KNO3, 20 NH4NO3, 3 CaCl2, 1.5 MgSO4, 1.2
KH2PO4, 50 sorbitol, and 50 Na-thioglycolat
The suspension was filtered through a 50-µm
nylon mesh. Propidium iodide (75 µm) and
Triton X-100 (0.1%, v/v) were added, and t
sample was placed in darkness at 4C for
min before analysis. Our technique was ba
on the measurement of DNA stained w
fluorochrome and the color intensity relat
with the cell DNA.

Haploid plants were propagated in vitro 
cuttings placed on E20A medium, and ch
mosome doubling was performed with a 5-
10-g•liter–1 aqueous colchicine solution for 
2, 4, or 6 h.

Results

For the first sowings, the temperatur
were too low (even under heated glasshou
to obtain a good fruit set; Sauton (1988) 
ported similar problems for melon. A goo
fruit set with many seeds per fruit was o
tained only for pollinations made after 16 M
(Table 1). In 5.5% of the seeds that contain
embryos, 72.8% had globular stage embry
and 0.7% had well-formed, heart-shaped e
bryos. Of the remaining seeds (26.5%), 17.
were necrotic, and 9.2% were soft, hea
shaped embryos.

There were significant differences in t
number of seeds that produced embryos am
the four cultivars tested (Table 1). ‘Hale
Karasi’ had the highest number of embry
per 100 seeds; however, in this cultivar, wh
heart-shaped embryos were absent. Germ
tion of various embryo types was difficu
There were no significant differences betwe
cultivars in the number of plants obtained p
100 embryos or per 1000 seeds. There w
only 0.6 to 1.3 plants that grew per fruit fro
the seed that had been obtained, regardle
cultivar.

The influence of the time between pollin
tion and in vitro culture of the embryos al
was studied. The highest number of plants
100 embryos was obtained 2 to 4 weeks a
pollination (Table 2). At 5 weeks, the numb
of embryos per 100 seeds was significan
higher than at 3 or 4 weeks, but the numbe
plants per 100 embryos was low.

A diploid cell contains a 2C DNA level i
G0/G1 and 4C in G2 as determined by flo
cytometry. The diploid control (‘Sugar Baby
exhibited no cells with 1C, 27% at the 2C, a
47% at the 4C level (Table 3). In contrast, 
plants obtained after pollination with irrad
ated pollen showed 45% to 71% of leaf cells
the 1C, 23% to 31% at the 2C, and 3% to 
at the 4C level. There were no clear differen
between the cuttings of leaves taken from
vitro- or greenhouse-grown plants. Compa
with the respective diploid cultivars, the
plants were less vigorous and had sma
leaves and flowers with a few empty poll
1189
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Table 1. Embryo types and number of plants obtained after pollination of four watermelon cultivars by γ-irradiated (300 Gy) pollen between 16 May and 13 June.

No. No. No. No. embryos/ HSEz Necrotic Soft Globular No. plants No. plants/ No. plants/
Cultivar fruit seed embryos 100 seeds (%) HSEz (%) HSEz (%) embryos obtained 100 embryos 1000 seeds
Crimson Sweet 6 1,784 71 4.0 by 1.4 26.8 4.2 68 1 1.4 ay 0.6 ay

Halep Karasi 4 1,616 229 14.2 a 0 22.3 13.5 64 5 2.2 a 3.1 a
Panonia 7 4,222 170 4.0 b 2.4 14.1 4.1 79 6 3.5 a 1.4 a
Sugar Baby 9 6,222 291 4.7 b 0 12.5 10.0 77 5 1.7 a 0.8 a
Total 26 13,844 761 5.5 0.7 17.1 9.2 73 17 2.2 1.2
zHSE = heart-shaped embryo.
yMean separation in columns at P ≤ 0.05 (comparison of the proportions by the hypergeometric law).
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Table 2. Type of embryos and number of plants obtained 2 to 5 weeks after pollination of four watermelon cultivars by γ-irradiated pollen.

Weeks after No. No. No. No. embryos/ HSEz Necrotic Soft Globular No. plants No. plants/ No. plants/
pollination fruit seed embryos 100 seeds (%) HSEz (%) HSEz (%) embryos obtained 100 embryos 1000 seeds
2 5 2336 166 7.1 ay 0 26.5 12.7 61 4 2.4 aby 1.7
3 5 2695 148 5.5 b 1.4 8.8 4.7 85 5 3.4 a 1.8
4 13 6281 235 3.7 c 1.3 20.0 3.8 75 7 3.0 a 1.1
5 3 2532 210 8.3 a 0 12.4 15.7 72 1 0.5 b 0.4
zHSE = heart-shaped embryo.
yMean separation in columns at P ≤ 0.05 (comparison of the proportions by the hypergeometric law).

Table 3. Frequency of leaf cells with various DNA components (ploidy level) in regenerated watermelon
plants.

Cultivar Conditionsz 1Cy 2Cy 4Cy 8Cy No. cells
Crimson Sweet A 70.7 23.3 2.9 0.6 6,072

B 49.2 28.7 4.6 2.0 3,552
Halep Karasi A 52.9 26.3 6.3 3.3 5,721

B 49.3 28.5 4.9 1.5 3,202
Sugar Baby A 44.6 31.2 6.2 3.6 5,908

B 50.2 28.5 4.0 1.3 5,670
C 0.00 26.6 47.1 3.1 28,873

zA = cuttings transplanted in pots in the greenhouse; B = in vitro cuttings; C = plants from seeds in the
greenhouse (diploid control).
yPercentage of cells with 1C, 2C, 4C, and 8C DNA. The total is not 100% because there is an internal control
in each sample.
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grains. Hence, we concluded that the pla
were haploids.

Chromosome doubling of these haplo
plants to obtain homozygous diploid gen
types was performed by treating the in vi
cuttings with 1% colchicine for 2 to 4 h. W
attempted the method for melon (0.5 % colc
cine for 2-h treatment on in vitro cuttings), b
we were unsuccessful, suggesting that wa
melon is less sensitive to colchicine. Diplo
(doubled haploid) plants with normal leaf siz
vigor, and fertility have been obtained a
selfed so that progenies can be studied.

Pollination by γ-irradiated pollen can in
duce haploid embryo development in wat
melon. In watermelon, haploid embryo yie
(measured by the number of haploid plants 
fruit or per 1000 seeds) is still low and must
improved before this method can be us
routinely in breeding programs.
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