Metadata, citation and similar papers at core.ac.uk

Provided by Repository Open Access to Scientific Information from Embrapa

Crop Breeding and Applied Biotechnology 5:280-286, 2005
Brazilian Society of Plant Breeding. Printed in Brazil

CROP BREEDING AND
APPLIED BIOTECHNOLOGY

Heterotic effects in triploid watermelon hybrids

Flavio de Franga Souza", Manoel Abilio de Queiroz?, and Rita de Céssia Souza Dias®

Received 4 February 2005

Accepted 8 August 2005

ABSTRACT - Twelve experimental triploid hybrids were evaluated to estimate heterotic effects for some plant and fruit traits
in triploid watermelon (Citrullus lanatus). Tiffany, a triploid hybrid was used as standard cultivar. The experiment in a
randomi zed block design was carried out in three replications at the Experimental Station of Embrapa Semi-Aridoin Petrolina,
state of Pernambuco. The following traits were evaluated: earliness, prolificacy, main stemlength, fruit weight, soluble solid
content, rind thickness, flesh color, and hollow heart disorder. All evaluated traits presented significant variability among the
hybrids. Mid-parent heterosis effects were found as well as the standard cultivar ranging from negative to positive values
attaining up to 300% prolificacy in some cases. Thetetraploid lines should be improved for several traitsin order to produce
earlier triploid hybrids with more compact plants and fruits without the hollow heart disorder.
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INTRODUCTION

Triploid watermelon plants, which produce seedless
fruits, are hybrids and therefore prone to show heterotic
effects. These effects can be of value to achieve superior
genotypes that include more desirable features, e. g.
phenotypic stability under stress conditions, higher fruit
yield, among others. When the first seedless watermelon
hybrids appeared, the need of establishing more heterotic
combinations became evident, especially such that with a
lower number of whiteimmature seedsper fruit (Kihara1951).

Heterosis is a manifestation of the hybrid vigor
expressed by the difference between generation F, and
the mean value of the parents. It can also be measured in
relation to the better parent (heterobeltiosis) or to a
standard cultivar (Paterniani 1973). Therefore, heterosisis
essentially a phenotypic effect and is defined as the
performance of the descendents (Mayo 1980).

Heterotic effects have been studied in some
polyploidy species such as alfalfa and potato, mainly for
yield-related traits. Positive heterosiswas observed in most
of these cases (Cubillosand Plaisted 1976, Ray et a. 1998).
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Regarding the triploid watermelons hybrids, practicaly
no research work on heterotic effects has been done even
with diploid genotypes, despite the importance and
usefulness of heterosisin watermelon plant breeding. Nath
and Dutta (1970) mentioned that some hybrid
combinations showed over 50% heterosis for yield and
fruit quality. Kale and Seshadri (1988) detected heterosis
for yield and fruit quality-rel ated traitsin some crosses of
Indian with exotic cultivars. Ferreiraet a. (2002) evaluated
21 experimental watermelon hybrids and detected positive
heterotic effects in relation to the parent’s mean for the
number of fruits per plant, fruit weight, width of theflesh,
transversal diameter of thefruit, number of seeds per fruit,
and the weight of a hundred seeds.

This study had the objective to determine the
heterotic effectsrelated to thefruit yield and quality in 12
hybridsand their parents (threetetraploid and four diploid
linesof commercial cultivars).

MATERIAL ANDMETHODS

The experimental triploid hybrids were obtained by
crossesamong threetetraploid lines(LT7-48.1, LT9-24.14
and LTCC-24) and four diploid lines from selfing
commercial cultivars (Crimson Sweet, Perola, New
Hampshire Midget, and Charleston Gray).

The triploid seeds were produced through hand
pollination. The male and femal e flowers were protected
before anthesis using adevice made of aplastic cup stapled
to astick which kept the devicein theground and prevented
pollen contamination by bees. Normally, two maleflowers
are protected to pollinate afemale flower. After anthesis
the maleflowerswere removed from the plant and rubbed
onto thetetraploid stigmas. Thefemal e flower wastagged
and protected again for at |east one day (Figure 1). Mature
fruitsof all treatments were harvested and the seedswere
extracted and left in the shade to dry.

Seeds were sown in a tray filled with a humus —
vermiculite mixture and the seedlings transplanted to the
field after 15 days.

The hybrids and parents were grown at the
Experimental Station of Embrapa Semi-Aridoin Petrolina-
PE, from April to August 1999, on a Latossol. The
experiment was carried out in arandomized block design
with threereplications. The plots had seven plantsin rows
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spaced 3.0 m apart and 1.0 m between plants. Thetriploid
hybrid Tiffany was used as standard cultivar. To guarantee
fruit production in the triploid plants, an experimental
diploid hybrid was used as pollinator. One such plant was
planted at one and another at the other end of each plot.

Theplantswerewatered by furrow irrigation and the
crop management was done according to the specific
technical recommendations for watermelon crop. Fruits
were harvested 82 days after planting.

The treatments were evaluated for the following
traits: number of daysto the emergence of thefirst female
flower (NDF); length of the main stem (LM S); number of
fruitsper plant (NFP); fruit weight (FW) inkilograms; total
soluble solid content (TSS), rind thickness (RT), flesh color
(FC) and occurrence of hollow heart (OHH). Thelast two
traits were evaluated using a scale of grades. The flesh
color was graded from oneto four (1 = deepred; 2 =light
red; 3 = pink; 4 = white). The following scale was
established for the occurrence of hollow heart: 1 = absence
of hollow heart; 2 = up to 10% hollow heart of theflesh; 3
= over 10% hollow heart of the flesh. The plant traits of
the five middle plants in the row were evaluated and the
fruit traits were determined by a random sample of five
fruits per plot.

Thevariance analyseswere performed according to
the ramdomized complete block model. The means were
compared by the test of Scott and Knott (1974) at 5%
probability (Cruz 1997).

Heterosisin relation to the parent’s mean (Ramalho
et al. 1990) and the standard cultivar was estimated
according to thefollowing formul ae:

H,,=F,—(P+P)l2andH_=F —CP

where
Hop: isthe heterosisin relation to the parent’s mean;
F, - hybrid mean;
P and P : mean performances of each parent;
Hy: heterosisin relation to the standard cultivar; and
CP: mean performance of the standard cultivar.
The values were transformed to percentage for the
parent mean and the standard cultivar.

RESULTSAND DISCUSSION
Significant differences were observed among the
treatments for plant and fruit traits (Tables 1 and 2). The
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parents showed great variability for dl traits. The tetraploid
and diploid lines presented a range of variation for severd
traits, mainly for earliness, prolificacy, fruit Sze, andflesh color.

For earliness, hybrid 3 x 5 was the latest to flower
and was comparableto the earliness of thetetraploid lines,
but much later than the standard cultivar. There were no
significant differences among the other hybrid
combinations and almost all these hybrids showed
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Figure 1. Hand pollination of watermelon showing: (a)
protected male flower, (b) female flower on the day of anthesis,
(c) two male flowers and one female flower protected in a
watermelon plant, (d) male flower removed from the plant and
rubbed onto the stigma, (e) after the pollination the female
flower is tagged and protected for one more day. Arrow indicates
fruit set two days after pollination

negative heterosisin relation to the parent mean or small
positive heterosisin relation to the standard cultivar, i.e.,
they were earlier than the tetraploid lines but were later
than the standard cultivar indicating that the tetraploid
lines should beimproved for earliness. Thistrait presented
non-additive effects (Souzaet al. 2002) indicating that there
is a need to select a pair of lines which can achieve the
desirable earliness in the triploid crosses.
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Hybrid 3 x 4 wasthe most vigorouswhilethe hybrids
1x4,1x5,2x5and2x 7 produced more compact plants,
but all hybrids showed positive heterosis for this trait in
relation to the parent mean and the standard cultivar (Table
1). Since compact plantsareinteresting for farmersand no
hybrid performed better than the standard cultivar, this
trait should also be improved in the tetraploid lines. One
of the alternatives could be acrossing with tetraploid lines
of population Charleston Tetra Number 3 which has a
shorter stem. However, it introduces susceptibility to
powdery mildew and therefore requires the selection of
recombinants which are resistant to the disease but
maintain the shorter stem (Queirdz et al. 2001).

Thetriploid hybrids 3 x 6 and 3 x 7 showed a high
prolificacy, which differentiated them from the others,
reaching a heterosis over 130% (3 x 6) in relation to the
mid-parents and 300% (3 x 7) in relation to the standard
cultivar. The remaining hybrids had apositive heterosisin
relation to the parent mean, most of them above 50%. The
same tendency was however not observed regarding the
standard cultivar, which had negative heterosis in some
cases. If prolific plantswith small fruitsareto be selected
the diploid parent New Hampshire Midget and the
tetraploid line LTCC-24 should be considered dueto their
high specific as well as general combining ability for
prolificacy, and since the number of fruits per plant
increased intheir crosses (Souzaet al. 2002) although they
will have to be selected for other plant and fruit traits in
order to produce commercial hybrids.

Positive heterotic effectsfor fruit weight wereverified
in relation to the mid-parents and the standard cultivar for
hybrids1 x 4 and 1 x 7, which showsthat thetetraploid line
LT7-48.1 had asignificant positive heterotic effect on fruit
weight. Onthe other hand, thelinesNew Hampshire Midget
and LTCC-24 had prolific hybridsof smaller fruit size(Table
1). Prolificacy is negatively correlated with the fruit size,
indicating that the higher the number of fruits per plant,
the smaller they are (Ferreira et a. 2003). The fruit size
definesthetype of market for acultivar. Inthiscase, hybrids
with small fruitsand ahigh percentage of negative heterosis
in relation to the standard cultivar could be sold as “ice
box” type: 8 to 12 pounds per melon, while the hybrids
fromthe LT7-48.1 line could be delivered to marketswhich
prefer large fruits. However, the hybrids with small fruits
(3x4and3x7) (Tables1and 2) presented poor flesh color
and sugar content The tetraploid lines from LTCC-24
therefore need to be improved for these traits, although
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the triploid hybrid 2 x 6 of good flesh color and sugar
content, if cultivated in small plant spacing, could produce
acceptablefruitsfor small-fruit markets.

As the watermelon fruit yield depends strongly on
the number of fruits and mean weight of fruit per plant
(Kale and Seshadri 1988), more prolific hybrids could
provide yield increases, which is desirable for most
breeding programs. Prolific plants also offer a greater
flexibility totailor different fruit sizesaccording to market
preferences since they can be adjusted to different plant
spacings.

All hybrids, except the onesderived fromlineLTCC-
24, had asatisfactory sweet taste of flesh (over 10.0 °Brix)
particularly 1 x 5and 1 x 7. The positive heterotic effects
for sugar content exceeded the parent mean by 3.0to 24 %
but were very low when the standard cultivar was
considered. ThelinesLT9-24.14 and LTCC-24, however,
presented negative heterosis over the standard cultivar
for sugar content in most hybrids (Table 2). New Hampshire
Midget had low values for the soluble solid content per
se, but could be of help whenimproving the sugar content
of hybrids. Ferreiraet al. (2002) also pointed out positive
heterotic effects for solid soluble contents regarding this
line. At that time the authors worked with diploid hybrids
of thisparental. According to the scale of gradesto evaluate
the color of the fruit flesh, negative heterosis is the
desirableresult. The hybrids of LT7-48.1 and LT9-24.14,
with the exception of combination 2 x 7, had deep red flesh
color. The hybrids from LTCC-24 with Perola and New
Hampshire Midget had a light red and pink flesh color
(Table 2). Hybrids from the New Hampshire Midget line
presented negative heterosisin relation to the mid-parents.
This showed a superiority regarding the parents, which
had alow performance per se. Hybrids1x 6,2x 7 and all
hybrid combinationswith LTCC-24 had positive heterosis
inrelation to the standard cultivar, which showsthat their
fruits do not meet the market standards.

Some watermel on fruits presented superficial to deep
cracksin the flesh. This disorder is designated as hollow
heart (Mohr 1986) and disqualifies these fruits for the
market. All triploid hybrids had fruits with hollow heart
incidence at different degrees (Table 2). Tetraploid line
LT9-24.14isproneto hollow heart, atrait that has appeared
in its crosses with all diploid lines (Table 2). Although
LTCC-24 did not present hollow heart per se, its hybrids
had deeply cracked flesh, even when the diploid linesdid
not havethis problem. Regarding thefruit quality of triploid
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hybrids, the hollow heart of fruitsis a defect that should
be a prior concern in watermelon breeding programs.
According to Queirdz et a. (2001) there are different sets
of tetraploid linesin the watermel on breeding program at
EmbrapaSemi-Arido, aswell asdiploid lineswith adifferent
fruit structurefrom commercid cultivars. Therefore, arange
of triploid combinations can beraised by crossing different
tetraploid lineswith diploid linesfrom commercial cultivars
inorder to select desirabletriploid combinations. However,
when selecting for triploid crosses without cracksin the
flesh the breeder has to take into consideration that this
trait has presented non-additive gene action (Souzaet al.
2002) and the specific combining ability of each pair of
lines should therefore be a major concern.

Thethicknessof therindisarelevant traitin view of
transportation and post-harvest fruit conservation. Very
thick rinds (over 2.0 cm) are however not appreciated by
customers, who prefer thinner ones.

The hybrids 1 x 4 and 1 x 7 had the thickest rind
(Table 2). Among the parental lines, only LT7-48.1,
Crimson Sweet and Charleston Gray presented a thick
rind and transferred thistrait to their hybrids (Table 2).
All LTCC-24 hybrids presented thin rind showing good
combining ability for this trait (Souza et al. 2002).
However, a tough rind is not determined only by the
rind thickness, since the rind of some fruits tends to
break easily because they have the recessive alele e
(explosive) (Mohr 1986). Therefore, in the triploid
crosses there is a need to select contrasting pairs of
lines for this trait in order to achieve hybrid
combinations with tough rinds. According to Mohr
(1986), a tough rind can be selected by cutting a thin
strip of rind (0.3 cm thick and 7.5 cm long) and bend it
intoacircle. If it formsacompletecircleit isconsidered
very tough, but if it breaks easily in the attempt to shape
acircleitistender due to the explosive alele.

Table 1. Mean values for the number of days to the first female flower shooting (NDF), length of the main stem (LMS), number of fruits
per plant (NF) and fruit weight (FW). Heterosis in relation to the mid-parents (Hmp) and the standard cultivar (Hcp) in three tetraploid

lines, four diploid lines and twelve watermelon hybrids

M ean Relative heterosis (%)
NDF LMS NF/P FW NDF LMS NF/P FW
(days) (m) (unit) kg Hmp Hep Hmp Hcp Hmp Hep Hmp Hcp
Tiffany (cp)* 417 d 2.7d 26e 6.29d
LT7-48.1 (1) 497 b 36d 09e 7.90c
LT9-24.14 (2) 51.0 b 4.1d 1.7e 7.19 d
LTCC-24 (3) 53.7 a 57b 6.2 b 292 e
Crimson Sweet (4) 453 ¢ 48c 1.7e 9.72b
Pérola (5) 41.7 d 42d 13 e 8.15 ¢
New H. Midget (6) 43.7 d 4.2d 44d 348e
Charleston Gray (7) 44.0 d 3.9d 15e 9.17 b
1x4 473 ¢ 46¢c 20e 11.13a -0.42 13.51 9.52 70.37 53.85 -23.08 26.33 76.95
1x5 46.7 c 4.6 c 19e 9.68 b 2.19 1191 1795 70.37 72.73 -26.92 20.62 53.90
1x6 46.0 c 6.0 b 4.2d 6.28 d -1.50 10.31 53.85 122.22 58.49 61.54 10.37 -0.16
1x7 457 ¢ 52b l.4e 12.06 a -2.45 9.51 38.67 92.59 16.67 -46.15 41.30 91.73
2x4 450 c 56 b 2.7e 8.16 ¢ -6.54 7.91 25.84 107.41 58.82 3.85 -3.49 29.73
2x5 46.0 c 4.8 c 2.3e 7.98 ¢ -0.76 10.31 15.66 77.78 53.33 -11.54 4.04 26.87
2x6 46.7 c 59b 49 c 4.58 e -1.37 11.91 42.17 118.52 60.66 88.46 -14.15 -27.19
2x7 453 ¢ 4.8 c 2.7e 8.22 ¢ -4.63 8.71 20.00 77.78 68.75 3.85 0.49 30.68
3x4 46.3 ¢ 6.9 a 7.1b 3.68 e -6.46 11.11 31.43 155.56 79.75 173.08 -41.77 -41.49
3x5 48.3 b 56 b 53¢ 3.27 e 1.26 15,91 13.13 107.41 41.33 103.85 -40.92 -48.01
3x6 47.3 ¢ 59b 104 a 2.17 e -2.87 13.51 19.19 118.52 96.23 300.00 -32.19 -65.50
3x7 47.3 ¢ 58b 9.1a 3.06 e -3.17 13.51 20.83 114.81 136.36 250.00 -49.38 -51.35

cp = standard cultivar (commercial triploid cultivar)

2Means followed by the same letter in the column did not differ by the Scott & Knott test at 5% probability
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Table 2. Mean values for the soluble solid content (TSS), flesh color (FC), occurrence of hollow heart (OHH), and rind thickness (RT).
Heterosis in relation to the mid-parents (Hmp) and to the standard cultivar (Hcp) in three tetraploid lines, four diploid lines and twelve
watermelon hybrids

M ean Relative heterosis (%)

TSS FC OHH RT TSS FC OHH RT

(°Brix)  (Scale') (Scale?) (cm) Hmp Hcp Hmp Hcp Hmp Hcp Hmp Hcp
Tiffany (cp)® 115 p 1.0d 1.4 b 105c
LT7-48.1 (1) 11.2 ¢ 1.0d 1.0 b 1.37b
LT9-24.14 (2) 11.2 ¢ 1.0d 22 a 107c
LTCC-24 (3) 759 29a 1.0 b 1.20¢c
Crimson Sweet (4) 12.0 a 1.0d 1.2 b 144b
Pérola (5) 10.5d 1.0d 1.1 b 1.18c
New H. Midget (6) 7349 3.0a 1.0 b 1l15c¢
Charleston Gray (7) 10.7 d 1.0d 1.3 b 132b
1x4 11.7 b 1.0d 22 a 160a 0.86 1.74 0.00 0.00 100.00 83.33 13.88 52.38
1x5 119 a 1.0d 1.5 b 1.39b 9.68 3.48 0.00 0.00 42.86 25.00 9.02 32.38
1x6 115 b 1.1d 1.7 b 1.32b 24.32 0.00 -45.00 10.00 70.00 41.67 4.76 25.71
1x7 124 a 1.0d 21 a 1l6la 13.24 7.83 0.00 0.00 82.61 75.00 19.70 53.33
2x4 109d 1.0d 26 a 1400b -6.03 -5.22 0.00 0.00 52.94 116.67 11.55 33.33
2x5 11.2 ¢ 1.0d 29 a 138b 3.23 -2.61 0.00 0.00 75.76 141.67 22.67 31.43
2x6 10.5d 1.0d 1.8 b 1.07c 13.51 -8.70 -50.00 0.00 12.50 50.00 -3.60 1.90
2x7 115 b 1.3¢c 24 a 135b 5.02 0.00 30.00 30.00 37.14 100.00 12.97 28.57
3x4 8.5 f 2.1b 21 a 125c -12.82 -26.09 7.69 110.00 90.91 75.00 -5.30 19.05
3x5 95e l4c 24 a 1l12c 5.56 -17.39 -28.21 40.00 128.57 100.00 -5.88 6.67
3x6 8.1f 2.4 b 21 a 1li12c 9.46 -29.57 -18.64 140.00 110.00 75.00 -4.68 6.67

3x7 8.3 f 22b 1.8 b 1ll4c -8.79 -27.83 12.82 120.00 56.52 50.00 -9.52  8.57

Scale of records: 1 — deep red; 2 — light red; 3 — pink; 4 — white;

2Scale of grades: 1 —no hollow heart disorder; 2 — slight hollow heart (less than 10% of the flesh); 3 - expressive hollow heart (over 10% of the flesh);
3cp = Standard cultivar (commercial triploid cultivar)

“Means followed by the same letter in the column did not differ by the Scott & Knott test at 5% probability
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Efeitos heterdticos em hibridos tripldoides de melancia

RESUMO - Este trabalho estimou efeitos heteréticos em caracteres de planta e fruto em melancias tripléides (Citrullus
lanatus). Doze hibridos experimentais foram avaliados e o hibrido tripléide ‘ Tiffany’ foi utilizado como cultivar padrao. O
experimento, em blocos casualizados com trés repeticdes, foi conduzido na Estacio Experimental da Embrapa Semi-Arido,
em Petrolina-PE. Avaliaram-se 0s seguintes caracteres: precocidade, prolificidade, comprimento de rama principal, peso de
fruto, teor de sdlidos solUveis, espessura de casca, cor da polpa e ocorréncia de ocamento na polpa. Verificaram-se diferencas
significativas para todas as caracteristicas avaliadas. Foram encontrados efeitos heter 6ticos emrelacédo a média dos paise
emrelacdo a cultivar padréo, variando desde val ores negativos até positivos em varios hibridos, chegando até 300% para
prolificidade. As linhas tetrapl 6ides devem ser melhoradas para varios caracteres a fim de produzir hibridos tripl6ides que
sejam mais precoces, de plantas mais compactas e de frutos sem problemas de ocamento da polpa.

Palavr as-chave: Citrulluslanatus, melanciasem sementes, poliploidia.
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