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ABSTRACT

Watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) seedlings generally present
issues regarding to seed coat adherence to cotyledons at the emergence stage. In this case, the
seed coat acts as a barrier for seedling development, which may result in stretched or malformed
seedlings. Therewith, this study was carried out to evaluate the effects of seed orientation in the
substrate on seedling emergence and growth, and also to evaluate the effect on seed coat
adherence. Diploid, triploid and tetraploid watermelon seeds were used in this study. The
treatments were composed of four seed lots and three different seed orientations at sowing: hilum
pointed upwards (HUp), hilum pointed downwards (HDown) and hilum pointed horizontally
(HHor). The evaluations consisted of: seedling emergence, seedling speed index, seedling height,
seedling dry mass and seed coat adherence to cotyledons. HUp presented lower results for seed
coat adherence to cotyledons, but negatively interfered on seedlings emergence and growth. In
general, the treatment HHor presented the most satisfactory results, even though it did not solve
the seed coat adherence issue.
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ORIENTACAO DA SEMENTE RELACIONADA A ADERENCIA DO TEGUMENTO
EM MELANCIA
RESUMO

Plantulas de melancias triploides e tetrapldides geralmente apresentam problemas
relacionados a aderéncia do tegumento das sementes aos cotilédones. Neste caso, o tegumento
age como uma barreira para 0 desenvolvimento das plantulas, o que pode resultar em
alongamento e malformacdo das mesmas. Com isso, este experimento objetivou avaliar os efeitos
das diferentes orientacfes de sementes de melancia no substrato sob a emergéncia de plantulas, o
crescimento das mesmas e a aderéncia do tegumento aos cotilédones. Sementes de melancia
dipldide, triploide e tetraploide foram usadas neste estudo. Os tratamentos foram compostos de
quatro lotes e trés orientacdes de sementes na semeadura: hilo voltado para cima (Hup), hilo
voltado para baixo (HDown) e hilo posicionado horizontalmente (HHor). As avaliagOes
consistiram em: emergéncia, indice de velocidade de emergéncia, altura de plantulas, massa de
matéria seca de plantulas e aderéncia do tegumento aos cotilédones. Hup apresentou as menores
porcentagens de aderéncia do tegumento aos cotilédones, mas prejudicou a emergéncia e
desenvolvimento das plantulas. Em geral, o tratamento HHor apresentou os resultados mais
safisfatdrios, apesar de ndo reduzir o problema da aderéncia dos tegumentos.

Palavras-chave: sementes dipldides, sementes tripldides, sementes tetrapldides, producdo de
plantulas, cucurbitaceas
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INTRODUCTION

Watermelon is produced mainly for
fresh fruit market, with countries such as
China, Turkey, Russia, Iran and Brazil being
the most important growers, respectively
(FAOSTAT, 2007). Seedless watermelon
has increased in preference by consumers,
and in United States as an example, the
seedless fruits corresponds to over 90% on
total commercialization (SARGENT &
MAYNARD, 2009).

For seedless fruits obtainment, there
is a need of tetraploid and triploid seeds
(KIHARA, 1951); the first is used as
parental, and the second is destined for
commercial purposes. Both present thicker
structures when compared to diploid seeds
(SUN, 2009). Jaskani et al., (2005)
attributed characteristics such as thicker
leaves, higher chlorophyll content, thicker
stems and higher leaf area index to tetraploid
plants, when compared to diploid. Castro et
al., (2006) reinforced that ploidy is related to
seed size, affirming that higher ploidy results
In sizing increase.

Thus, polyploidy on watermelon
seeds frequently lead to problems regarding
to germination and vigor, mainly due to a
thicker seed coat, poor embryo vigor and
higher moisture content (MAYNARD, 1989;
GRANGE et al., 2000; GRANGE et al.,
2003; MAYNARD, 2001; JASKANI et al.,
2004 and JASKANI et al., 2006). In
addition, a higher percentage of seedlings
emerge with the seed coat adhered to
cotyledon, acting as a barrier for radicle
protusion and further development. Sun
(2009) suggests a manual removal of seed
coat as a way to minimize problems caused
by seed coat adherence. However, some
disadvantages of this practice are: potential
damage to plants, spread of diseases and
higher labor dependence.

Seedling production is a crucial step
for good stand establishment on watermelon
crop. At this stage of growth, intensive cares

are needed to obtain uniform, healthy and
vigorous plants (MAYNARD, 2001). The
improvement of production techniques at
this stage is of high relevance, considering
that are many environmental stresses and
physiological issues that may affect the
plants at initial growth stages (SUN, 2009).
Seed sowing orientation plays an important
role on seedling production; Bowers and
Hayden (1972) studied this effect for beans;
Cantliffe (1984) for cucumbers; Bosy and
Aarssen (1995) for seven different species of
herbaceous plants; Martins et al., (1999) for
red-palmito, Robles et al., (2000) for lime,
Silva et al., (2007) for Euterpe oleracea
Mart.; Maynard (1989), Jaskani et al.,
(2004) and Jaskani et al., (2006) studied
those effects for watermelon, describing that
radicle pointed upwards resulted on lower
adherence of seed coat to cotyledon leaves,
with  no improvements on seedling
emergence.

Thus, according to some authors, the
watermelon growers should sow with hilum
pointed upwards, in order to avoid seed coat
adherence. However, as observed previously
by the authors of this study, that orientation
of sowing may result in reduction of
emergence and seedling quality. Based on
these finds, this research was carried out to
assess the best seed orientation for
watermelon sowing.

MATERIAL AND METHODS

The experiment was carried out in a
research station of Sakata Seed America
Inc., located in Fort Myers, Florida, United
States, during the summer of 2010. Four
seed lots were used: LOT A (commercial
hybrid diploid, Sakata SWD8307, non-
primed); LOT B (tetraploid parental seeds);
LOT C (triploid non-commercial seed, non-
primed); LOT D (triploid commercial seed,
Sakata “Triple 77, primed).
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The germination and seed moisture
content of the seed lots were assessed as
described below.

Germination test: carried out with
four replications of 50 seeds per lot, on
blotter paper watered with 2,5 times the dry
weight of the paper. The counting of normal
and abnormal seedlings occurred at the 4™
and 14" day after sowing (ISTA, 2004).

Seed moisture content: two samples
of 20 g each were previously weighed on a
0,001g accuracy scale, and placed in the
oven at 105°C, for 24 hours. Afterward, the
initial moisture was determined based on the
dry weight of the samples, and the results
expressed in percentage.

The treatments consisted of three
different seed orientations at sowing: hilum
pointed upwards (HUp); hilum pointed
downwards (HDown) and hilum pointed
horizontally (HHor). The sowings occurred
on polystyrene trays, with four replications
of 32 seeds per lot in each treatment,
totalizing 48 entries randomly distributed
among twelve trays. The sowing depth
consisted of one centimeter below soil
surface. = Commercial ~ substrate  for
watermelon (Fafard 2 Mix) was used and the
seeds were uniformly covered with perlite.
Afterward, the trays were placed in a dark
chamber (30°C, 90% humidity) for 48 hours.
After this period, the trays were moved to a
greenhouse.

The post-emergence evaluations are
described as follows.

Seedling emergence: counting of
emerged seedlings on the fourteenth day
after sowing.

Seedling speed index: counting of
emerged seedlings each day after the
emergence started. The vigor index is given
by the formula described by Maguire (1962),
GSI = E1/N1 + E2/N2 + ...+ En/Nn; where
“En” is the number of emerged seedlings
(higher than 1 cm) and “Nn” corresponds to
the number of days after sowing.
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Seed coat adherence: daily counting
of seedlings emerged with adhered seed
coat, until the end of emergence test.

Seedlings height: at the 14" day
after sowing the seedlings height were
determined with a ruler, in millimeters. The
measurements were taken from the substrate
surface to the apical meristem.

Seedlings dry mass: at the 14" day
after sowing, the seedlings were cut flush
with the soil surface, and oven dried at 65°C
until constant mass. Afterward, the seedlings
dry mass were determined by a 0,01lg
analytical scale, with the values adjusted for
the number of seedlings per entry.

Distorted stem: the number of
seedlings that presented distortion in the
stem at the 14" day was counted on each
entry, guided by the symptom shown on
Figure 2.

The data of seedling emergence,
emergence speed index, seedling dry mass,
seedling height and seed coat adherence
were analyzed by ANOVA and, in case of
significance, the means were compared by
Tukey test using SAS software (SAS, 2000).
Data of germination was analyzed by means
and standard mean error (SME).

RESULTS AND DISCUSSION

The germination test (Table 1)
pointed lots A and D as having higher
germination percentages, compared to lots C
and D. In fact, the first ones were
conditioned for commercial purposes, whilst
lots B and C presented poor germination, as
they were not destined for commercial use.
Thus, considering that watermelon breeders
and researchers in general are, in many
situations, subjected to deal with low quality
seeds from their germplasm, lots B and C
were also considered appropriate to carry on
this study, in order to represent the situations
faced either by growers and researchers who
deal with watermelon crop.
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The  seed moisture  content
determined for lot A was 4,6%, for Lot B
was 8,9%, for Lot C was 5,8% and for Lot D
was 4,9%. The differences in seed moisture
among the seed lots were probably given by
differences in drying and storage conditions
of the seeds before the study.

For seedling emergence (SE), the
lowest values were obtained by HUp, on all

observed any difference on seedling
emergence among HDown and HHor, with
an exception for Lot C, where HDown
showed a significant advantage compared to
the other seed orientation treatments. Jaskani
et al.,, (2006) verified that seed sowing
orientation affected emergence percentages
on watermelon crop, with some variations
between genotypes.

seed lots tested (Table 2), with lots C and D
presenting significant results. It was not

Table 1. Germination percentages (G) of the seed lots A (diploid, commercial), B (tetraploid,
non-commercial), C (triploid, non-commercial) and D (triploid, commercial).

LOT G (%)
A 84 +0,40!
B 21 +1,41
C 37 +1,29
D 96 +0,81

T Corresponds to the Standard Mean Error of four replications.

Table 2. Effects of three seed sowing orientations on watermelon: hilum pointed upwards (up),
downwards (down) and horizontally (hor), on four watermelon seed lots (A, B, C and
D). E (emergence); SSI (seedling speed index); SH (seedling height); SDM (seedling
dry mass); SCA (seed coat adherence).

Lot Treatment E(%) SSI SH(cm) SDM(g) SCA(%)
up 86,2a' +0,04° 421b #2118  3,1bc  +0,07 0,60bcd +0,02 55f  +0,02
A down 91,5a 0,04 5l4a +2,04 39a  #0,15 065abc +0,05 985a  +0,01
hor 90,7a 0,03 47,7ab  #1,94 39a  #0,14  0,75a #0,05 76,2bc  %0,10
up 28,0c 0,01 13,0ef 045 37a  +0,08 065abc +0,04 362  +0,09
B down 350c +0,07 185de 3,52 38a  #0,10 054cde +0,02 97,0a  +0,03
hor 357c +0,05 17,3de +2,18 36a  +0,15 054cde +0,06 56,7cd  +0,08
up 29,0c 0,06 9,9ef  +201  27cd 0,11  044e 0,03 385de 0,11
C down 51,7b  +0,05 23,7cd #2,74  31cb 0,15 o047e +0,02 96,7a  +0,03
hor 37,0c 0,02 14,7ef  +159 32b 0,22 052 0,05 635bc 0,03
up 59,0b +0,11 27,0c  +4,54 27d  +0,15 0,74a 0,04 41,0de 0,13

D down 97,7a 001 527a +240 30cb #0221 0,70ab +0,05 100,0a -
hor 955a +0,02 491ab +148 31cb  +0,14 0,69ab +0,03 81,0ab 0,04
CV(%)* 8,38 11,36 7,98 9,67 14,83

" Means followed by the same letter on the column do not differ by Tukey test at 5% level of significance.
? Corresponds to the Standard Mean Error of four replications.
3 CV= coefficient of variance.
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The data of seedling speed index
(SSI), shown in Table 2, are in line with the
results previously described. For all seed lots
analyzed, HUp presented the lowest SSI,
with significant results for lots A, C and D.
The SSI test, described by Maguire (1962),
is a relevant vigor test, which is based on the
ability of the seed lots to germinate and
develop seedlings rapidly. The results
provided by this experiment lead to the
conclusion that modifying seed orientation
may alter the results obtained from this test
in watermelon.

When evaluating the results obtained
from seedling height (SH), presented on
Table 2, it is possible to affirm that HUp
caused a reduction in stem growth, except
for Lot B. That probably occurred because
when radicle is emitted upwards, a
phenomenon named gravitropism drives the
root growth downwards (TAIZ & ZEIGER,
2010). Significant results were obtained for
Lot A, with HUp showing the lowest
average of seedling height. In contrast,
Cantliffe (1984) found that radicle end
upwards on cucumber resulted on higher
values of seedling dry mass, pointing to an
improve in seedling development when
hilum is pointed upwards.

Regarding to seed coat adherence
(SCA) to the emerged cotyledons, with data
in Table 2 and the symptom shown in Figure
1, there were significant results for all lots
analyzed, with HUp showing the lowest
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adherence percentages. Similar results were
reported by Maynard (1989), Jaskani et al.,
(2004) and Jaskani et al., (2006). Comparing
HHor and HDown for seed coat adherence,
the first showed better results (lower
adherence), for all lots evaluated, being
significant for lots A, B and C. On Lot D,
HDown showed 100% seed coat adherence,
while HUp and HHor showed 41% and 81%,
respectively. Thus, it's reasonable to
conclude, that HDown drastically amplified
the incidence of seedlings presenting the
seed coat adhered to cotyledons, whilst
HHor tended to alleviate this adherence, and
HUp significantly reduced the adherence.

Preliminary experiences in
greenhouse and field, allowed the authors of
this study to identify some weakening issues
on watermelon seedlings, due to narrowing
and distortions in the stems as shown in
Figure 2. Sowing orientation was playing an
important role on the appearance of these
symptoms. With no exception, all the
seedlings that presented these symptoms
originated from HUp, with lot A presenting
40%, lot B 57%, lot C 35% and lot D 29% of
seedlings with distortion and narrowing in
the stems. The major problem attributed to
this phenomenon is rupture in the stem along
the transplant of the seedlings in the field.
Moreover, that may negatively affect
translocation of water and nutrients
throughout the plants.

cotyledons of tripldid watermelon.
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Figure 2. Distortion and narrowing symptoms in the stem, caused by seed sowing orientation

with hilum pointed upwards.

Thus, this study shows that perhaps
HUp reduced the seed coat adherence to
cotyledons, it negatively affects seedlings
emergence and growth. On the other hand,
HDown intensified the seed coat adherence,
and should be avoided. Therewith, another
approach should be taken regarding this
adherence issue, especially because it stills a
major problem even in large scale
commercial production. HHor should be
recommended as the best seed sowing
orientation for this crop, even though it does
not solve the seed coat adherence issue.

CONCLUSIONS

Seed sowing orientation influences
the seed coat adherence to cotyledons,
seedling emergence and seedling
development of diploid, triploid and
tetraploid watermelon. HUp reduced the
seed coat adherence to cotyledons, but
negatively affected seedlings emergence and
growth. HDown significantly intensified
seed coat adherence to cotyledons. In

general, HHor presented the most
satisfactory results, even though it does not
solve the seed coat adherence issue.
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