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INTRODUCTION 

Watermelon (Citrullus lanatus L. Matsum. and Nakai) is an economically import-
ant vegetable in the Cucurbitaceae family (Zhang et al., 2019). Although wa-
termelons are generally diploid (2n=2x=22), they can also be found in triploid 
(3n=3x=33) and tetraploid (4n=4x=44) structures as autopolyploids (Blakeslee 
and Avery, 1937). Autopolyploids differ from diploids in that they have different 
DNA content, contain high levels of secondary metabolite organisms, have large 
tissues and organs, have a high yield, and provide tolerance to biotic and abi-
otic stress factors (Soltis et al., 2016; Godfree et al., 2017). However, apart from 
these benefits, their low frequency and undetermined time of occurrence are 
also disadvantages (Zhang et al., 2019). To eliminate this situation, colchicine, 
which was applied first to the Datura plant by Blakeslee and Avery in 1937, has 
been the most successful method for obtaining tetraploids today (Blakeslee and 
Avery, 1937; Kihara, 1951; Andrus, 1971; Suying et al., 1993). Tetraploid lines are 
obtained by applying chemicals such as colchicine or oryzalin to diploid lines 
(Kihara, 1951; Lower and Johnson, 1969; Koh, 2002; Li et al., 2002; Jaskani et al., 
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In this study, the characteristics of tetraploid and diploid watermelon’s 
flowers, fruits, and seeds were examined, and their differences were inves-
tigated. As plant material, tetraploid ST101 and ST82; diploid WL92, WL124, 
WL134, WL216, WL259-B and WL235 were used. Flower (pollen viability, 
pollen germination, number of anthers and number of pollen per anther 
and flower); fruit (weight, length, diameter, rind thickness and TSS) and 
seed (weight of 1000 seed, length, width, thickness, full seed number, seed 
yield, embryo/seed ratio, germination and emergence) parameters were in-
vestigated. In terms of pollen parameters, diploid watermelon has a higher 
value than tetraploid watermelon. According to research results, average 
pollen germination was found to be in diploid watermelons at 74.48% and 
tetraploid watermelons at 71.62%. Pollen viability was determined highest 
in WL 235 (95.53%). In fruit parameters, tetraploid watermelons had higher 
values, but fruit length decreased (diploid 19.32 cm; tetraploid 15.33 cm) 
significantly. Considering the average values of tetraploid watermelons, a 
significant decrease occurred in terms of seed germination, full seed num-
ber, seed yield and embryo/seed ratio (57.22%, 225.48 seed, 6.33 g/fruit, 
57.51% respectively in diploids; 37.31%, 57.67 seed, 4.90 g/fruit, 46.42% in 
tetraploid), and no difference observed in other seed parameters.
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2004; Inan, 2007). As a result of this application, a limited 
number of tetraploid seedlings, a high rate of chimera 
seedlings, and diploid seedlings with unchanged struc-
tures have emerged (Compton and Gray, 1994; Jaskani 
et al., 2004). Inbreeding and tissue culture can be used 
to reproduce tetraploid lines (Compton and Gray, 1991; 
Krug et al., 2005; Zhang, 2010).   Tetraploid lines can be 
identified through morphological observations of differ-
ences in leaf, ovary, and flower sizes as well as through 
chromosome counting (Sari et al., 1999; Jaskani and 
Khan, 2000) and flow cytometry (FCM) methods (Comp-
ton et al., 1996; Norrmann et al., 1997; Rhodes and Zhang, 
2000). Finally, the qPCR method was found to be another 
method that allows for determining the plant ploidy lev-
el (Zhang et al., 2019). Because of the small and deeply 
embedded chromosomes in watermelon, the chromo-
some counting technique is not widely used (Fahleson et 
al., 1988; Şimşek et al., 2013). The flow cytometry (FCM) 
technique is the most preferred method because of its 
fast and reliable nature (Arumuganathan and Earle, 1991; 
Dolezel, 1998; Koh, 2002; Jaskani et al., 2004; Jaskani et 
al., 2005). Tetraploids are the primary parents in the trip-
loid breeding program. The triploid plants are obtained 
by the cross-pollination of tetraploids and diploids (Ki-
hara, 1951; Jaskani and Khan, 2000). Tetraploids are also 
valuable germplasm and cultivars (Jaskani et al., 2005). 
The objective of this study was to compare the flower, 
fruit, and seed properties of tetraploid and diploid wa-
termelon lines.

MATERIALS AND METHODS

This study was conducted in 2018 growing seasons in 
the plastic greenhouse at the Research Application Area 
of Horticulture Department (latitude 37°1ʹ48.63ʺN, lon-
gitude 35°22ʹ3.74ʺE, altitude 56 m), Cukurova University, 
Adana, Turkey.

Plant Material

In this study two tetraploid (4n) lines (ST 101 and ST 82) 
were used as female parents, and six diploid (2n) lines 
(WL 124, WL 92, WL 235, WL 134, WL 259-B and WL 216) 
were used as male parents. Tetraploid female and diploid 
male parental lines were grafted onto Nun9075 interspe-
cific hybrid (C. maxima x C. moschata) rootstock. The graf-
ted combination seedlings were planted on 04.05.2018 
in a plastic greenhouse of double row with (100-50) x 50 
cm spacing distances within three repetitions. Twenty 
healthy plants of both tetraploid and diploid seedlings 
were planted. A total of 120 plants were used (20 plants x 
3 replications, both tetraploid and diploid watermelon). 
Both female flowers and male flowers were isolated one 
day before anthesis. The following day morning selfing 
was performed. Fruit analysis was carried out on 4 plants 
from each plot (4 plants x 3 replicates). In the study, the 
number of anthers in a flower, pollen number in an ant-
her, pollen viability rate (%) and germination rate (%); 
fruit characteristics [(fruit weight (g), length (cm), diame-

ter (cm), rind thickness (mm), TSS (%)] and seed charac-
teristics [yield (g/fruit), number of full seeds (number/fru-
it), 1000 seed weight (g), embryo/seed ratio (%), length 
(mm), width (mm) and thickness (mm), seed germination 
rate (%) time (day), emergence rate (%) and time (day)] 
parameters were examined. Seed length, width and thi-
ckness, were measured using a digital caliper (Mitutoyo), 
while seed weight was measured using a digital scale.  

Flower Analysis 

Pollen viability and germination tests were carried out 
with the pollen collected from the male flowers in the 
anthesis stage. The %1, 2,3,5 Triphenyltetrazolium Ch-
loride (TTC) was used to determine pollen viability rates 
(Norton, 1966). The TTC indicator was used to assess seed 
viability. The red color variation, ranging from a light to 
a dark red hue, was shown to result from the reaction 
between the dehydrogenase enzyme and the reddish 
component known as formazan in this indicator. The via-
bility of the seed was analyzed based on these colors (Shi-
vanna and Rangaswamy, 1992; Sensoy et al., 2003). The 
empty pollen slides when it comes into contact with the 
fluid dye, so it is preferable to count the pollen in-betwe-
en the preparations during counting (Elçi, 1982).  The TTC 
test results demonstrated that viable pollen turned red, 
semi-viable pollen pink, and non-viable pollen was white 
(Eti, 1991). During the pollen counting stage, pollen in 
the center of the lamella should be counted because the 
pollen at the edge of the lamella contains more oxygen, 
this may cause a difference in the pollen staining rate 
(Shivanna and Rangaswamy, 1992). Pollen germination 
rates were identified by using the medium containing 
boric acid (250 ppm), agar (1%) and sucrose (10%) in pet-
ri dishes at 25°C (Eti,1991; Karabıyık et al., 2017).

Fruit and Seed Analysis 

Fruits were weighed (g), cut in the middle and measured 
with a ruler to determine fruit length (cm) and diame-
ter (cm). Rind thickness was determined using a digital 
caliper (Mitutoyo) total soluble solids (TSS, %) using a 
digital refractometer (Atago). Three fruits of each replica-
tion were used in fruit analysis. The seeds were fermen-
ted after being removed from the fruit for 3 days, then 
washed, and dried. Seed analyses were performed with 4 
replications of 100 seeds in each repetition. Seed length, 
width, seed thickness, and fruit diameter were measured 
using a digital caliper (Mitutoyo), while seed weight was 
measured using a digital scale. Seeds have been germi-
nated in an incubator (Memmert) at 25°C according to 
ISTA rules (ISTA, 2018) Seed germination is determined 
by dividing the germinated seeds by the total number of 
planted seeds. 

The experiment was set up according to the randomized 
plot design. The data were analyzed using the JMP prog-
ram (v8.00, SAS Institute Inc., NC 27513–2414, USA). 



RESULTS AND DISCUSSION

In terms of the average number of anthers in male 
flowers, there was no statistical difference between used 
watermelon lines. The study resulted in 5.20 anthers 
per flower in tetraploids and 5.04 anthers per flower in 
diploids (Table 1). In previous reports, it was stated that 
the average number of anthers (3.00) in a flower of tet-
raploid-diploid gourd and diploid watermelon (Kombo, 
2017; Hassan et al., 2020) and (3.40) of triploid watermel-
on (Hussein, 2017). Normally, the number of anthers in 
a watermelon flower is 5, however, most of the time 2 
anthers appear to be attached, so they can be counted 
as a single anther.

The highest numbers of pollen in the anther (22112.82) 
and in the flower (112604.95) were obtained from WL 

134 (Table 1). According to the mean values of evalua-
ted parameters, the diploid watermelon lines had higher 
values (19.735.34; 99640.4, respectively) than tetraploid 
lines (17128.01; 89074.29, respectively). The highest pol-
len number in anther (124486.70) was found from the 
diploid Crimson Sweet grafted onto Argentario whereas 
the lowest pollen number (60917.76 ) was determined in 
ungrafted group (Kombo 2017).  

In terms of pollen viability, the highest rate (95.53%) was 
found from WL 235 line while the lowest value (87.60%) 
was obtained from ST 82 line (Table 1). According to 
mean values of pollen viability rate among tetraploid 
and diploid, in diploids (92.23%) were higher than in tet-
raploids (87.76%) lines. There was no statistical difference 
between diploid and tetraploid lines in terms of pollen 
germination rates. The average values of pollen germi-
nation rates were 71.62% in tetraploids and 74.48% in 

diploids (Table 1). The pollen germination rate was affec-
ted by the pollen collection time, incubation conditions, 
environment, and pollen density (La Porta and Roselli, 
1991). Moreover, various factors influence pollen viabil-
ity and germination rates, such as environmental factors 
and the pollen viability period of each plant (Nepi and 
Pacini, 1993). In the study of Gok et al. (2005), 45 water-
melon genotypes were evaluated and the highest pollen 
viability rates were determined as 97.40% and 97.36% 
while the lowest were 49.65% and 61.08% and betwe-
en Furthermore, 89.43%–88.23%, pollen germination 
rates were found to be the highest, and the lowest were 
ranged between 19.62%–20.22%. Freeman et al. (2008), 
reported that pollen germination rates in diploid water-
melons was in range of 97% and 99.2%.

Fruit weight (g),  length (cm) diameter (cm), rind thick-
ness (mm) and TSS (%) values are presented in Table 2. 
Fruit weight was found to be higher in WL92 (2846.67 
g), followed by ST82 (2593.33 g) and WL 124 (2111.11 
g). However, in terms of average weight, tetraploids’ fruit 
(2193.33 g) was heavier than diploids’ (2135.44 g). Accor-
ding to the fruit length (cm), the longest fruit (22.26 cm) 
was obtained from WL 134 line. The widest fruit (16.48 
cm) was found from ST 82 line. Due to fruit rind thick-
ness, the thickest fruit rind (14.61 mm) was in ST 82. The 
TSS was high (12.23%) in WL 124 line. Diploid waterme-
lon lines showed the highest values in fruit length, while 
tetraploids were greater in terms of fruit diameter, rind 
thickness, and TSS.

Generally, tetraploid plants start to flower later than 
diploids. The diploid-triploid-tetraploid flowers sizes 
increase proportionally to the number of chromosomes 
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Table 1. The number of anthers in a flower, number of pollen in an anther, number of pollen in a flower, pollen viability rate (%) 
and pollen germination rate (%) in tetraploid and diploid watermelon.

Genotype 
Name

The number 
of anthers in a 
flower 

Number of pol-
len in an anther 

Number of pollen 
in a flower

Pollen viability rate 
(%)

Pollen 
germination rate 
(%)

ST 82 5.20 14740.39 D 76650.02 D 87.60 D (70.01) 72.75 (64.31)

ST 101 5.20 19515.62 ABC 101498.57 ABC 87.92 CD (71.36) 70.50 (59.93)

Tetraploid Average 5.20 17128.01 89074.29 87.76 71.62

WL 134 5.08 22112.82 A 112604.95 A 92.11 BCD (73.15) 75.88 (63.36)

WL 216 5.00 16737.17 CD 83685.83 CD 93.59 AB (76.87) 74.00 (58.00)

WL 259-B 5.17 21395.42 AB 110718.46 AB 89.50 CD (71.26) 68.75 (54.71)

WL 92 5.00 19066.85 ABC 95334.25 A-D 93.16 ABC (74.45) 73.75 (59.48)

WL 124 5.00 18497.18 BC 92485.92 BCD 89.50 CD (69.01) 79.50 (61.23)

WL 235 5.00 20602.61 AB 103013.07 ABC 95.53 A (77.94) 75.00 (59.02)

Diploid Average 5.04 19735.34 99640.4 92.23 74.48

LSD (the number of anthers in a flower): NS; LSD (number of pollen in an anther): 3528.82***; LSD (number of pollen in a flower): 19460.16***; 
LSD (pollen viability, %): 4.40***; LSD (pollen germination, %): NS

NS: Not Significant; *: ***: P ≤ 0.001; **: P ≤ 0.01; *: P ≤ 0.05: shows difference according to LSD comparison. Transform values are given in 
parentheses.
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(Kihara, 1951). The rate of TSS was higher in tetraploid 
watermelons than in diploid watermelons, it was betwe-
en 12% -14% in tetraploid watermelons (Zhang, 2010). 
Şimşek et al., (2013) reported the TSS rate ranged betwe-
en 8% - 10% in diploid watermelons. The fruit weights 
of tetraploid and diploid watermelons are found to be 
similar (Kihara 1951; Jaskani et al., 2005), however, Hen-
derson (1977) stated that tetraploids form smaller fruits. 
The fruit weight varied between 1.5 and 2 kg in tetrap-
loid watermelons (Zhang, 2010). In our study, the ave-
rage fruit weight of diploid was 2135.44 g and 2193.33 
g in tetraploid watermelon lines which are found to be 

similar. Tetraploid watermelons had lower values than 
diploids in terms of fruit length and diameter. Zhang et 
al. (2019), evaluated the fruit length and diameter, and 
found higher values in diploids than in tetraploids. It has 
been determined by Jaskani et al. (2005) that the rind thi-
ckness was 12.7 mm in diploid and 17.2 mm in tetraploid 
watermelons similarly.

The seed analysis results were presented in Table 3. The 
highest values were obtained in seed yield from WL 134 
(12.98 g/fruit); in full seed number from WL 92 line (451 
seed/fruit); in 1000 seed weight from line ST 101 (165.1 

Table 2. Fruit weight (g), fruits length (cm), fruit diameter (cm), rind thickness (mm) and TSS (%) in tetraploid and diploid water-
melon.

Genotype Name Fruit Weight 
(g)

Fruit Length 
(cm) 

Fruit Diameter 
(cm)

Rind Thickness 
(mm)

TSS 
(%)

ST 82 2593.33 AB 16.10 CD 16.48 A 14.61 A 9.66 C 

ST 101 1793.33 C 14.57 DE 15.60 ABC 10.48 B 11.33 AB

Tetraploid Average 2193.33 15.33 16.04 12.55 10.50

WL 134 2104.00 BC 22.26 A 13.93 BCD 10.84 B 10.13 BC

WL 216 1780.00 C 13.92 E 14.89 A-D 9.45 BC 9.60 C

WL 259-B 2062.00 BC 21.59 A 13.85 CD 9.49 BC 9.43 C

WL 92 2846.67 A 21.97 A 16.03 A 13.22 A 11.43 AB 

WL 124 2311.11 ABC 17.89 BC 15.70 AB 7.98 C 12.23 A

WL 235 1708.89 C 18.26 B 13.42 D 11.01 B 8.90 C

Diploid Average 2135.44 19.32 14.64 10.33 10.28

LSD (Fruit Weight): 691.14*; LSD (Fruits Length): 1.93***; LSD (Fruit Diameter): 1.80*; LSD (Rind Thickness): 1.75*** LSD (TSS): 1.40**

NS: Not Significant; *: ***: P ≤ 0.001; **: P ≤ 0.01; *: P ≤ 0.05: shows difference according to LSD comparison. Transform values are given in parent-
heses.

Table 3. Seed yield (g/fruit), number of full seed (seed/fruit), 1000 seed weight (g), embryo/seed ratio (%), seed length (mm), 
seed width (mm) and seed thickness (mm) in teraploid and diploid watermelon

Genotype 
Name

Seed Yield 
(g/fruit)

Number of 
Full Seed 
(seed/fruit)

1000 Seed 
Weight (g)

Embryo/Seed 
Ratio (%)

Seed 
Lenght 
(mm)

Seed 
Width  
(mm)

Seed 
Thickness 
(mm)

ST 82 4.69 DE 70.67 EF 66.51 B 50.00 (45.02) CD 9.63 A 6.45 A 2.65 A

ST 101 5.11 CD 30.67 F 165.15 A 42.83 (40.89) D 9.82 A 6.06 B 2.38 B

Tetraploid 
Average 4.90 50.67 115.83 46.42 9.73 6.26 2.52

WL 134 12.98 A 339.27 B 38.25 B 62.14 (52.05) AB 8.81 B 5.55 C 1.68 D

WL 216 5.77 CD 166.44 D 34.63 B 57.07 (49.09) BC 8.33 C 5.06 E 1.95 C

WL 259-B 9.08 B 261.583 C 34.77 B 66.46 (54.70) A 8.64 B 5.28 D 1.54 E

WL 92 7.38 BC 451.00 A 16.37 B 54.29 (47.50) BC 6.46 D 3.91 F 1.59 DE

WL 124 0.59 F 47.89 EF 14.33 B 55.12 (47.99) BC 4.99 E 3.15 G 1.05 F

WL 235 2.16 EF 86.72 E 27.66 B 49.99 (45.02) CD 8.63 B 5.16 DE 1.49 E

Diploid 
Average 6.33 225.48 27.67 B 57.51 7.64 4.69 1.55

LSD (Seed Yield): 2.55***; LSD (Number of Full Seed): 48.93***; LSD (1000 Seed Weight): 56.69**; LSD (Embryo/Seed Ratio): 6.03*** 
LSD (Seed Lenght): 0.28*** LSD (Seed Width ): 0.16***; LSD (Seed Thickness): 0.13***;

NS: Not Significant; *: ***: P ≤ 0.001; **: P ≤ 0.01; *: P ≤ 0.05: shows difference according to LSD comparison. Transform values are given in parent-
heses.



g). In seed length, tetraploid lines ST 101 (9.82 mm) and 
ST 82 (9.63 mm) were in the same statistical group and 
had superior values. The highest seed width and thick-
ness were determined in tetraploid ST 82 (6.45 mm and 
2.65 mm respectively). The embryo/seed ratio was hig-
hest in WL 259-B (66.46%) and WL 134 (62.14%), which 
are in the same statistical group. In terms of seed para-
meters on average; diploids had the highest values in 
full seed number, seed yield and embryo/seed ratio; Tet-
raploids were superior in 1000 seed weight, seed length, 
seed width and seed thickness.

The seeds of tetraploid plants are thicker and broa-
der than diploid seeds (Kihara, 1951) and more ob-
long-round shaped than diploids (Jaskani et al., 2005). 
Also, as a single layer of enlarged palisade cells forms the 
epidermis, there is an indented seed coat (Chopra and 
Swaminathan, 1960) with cracking of the palisade layer 
(Kihara 1951; Jaskani et al., 2005). It has been determined 
that while the embryo fills the seed coat in diploids, it 
does not fill the seed coat due to the space on the chala-
zion side in the seeds of tetraploids (Jaskani et al., 2005). 
Seed length, width and thickness in tetraploid waterme-
lons was found 9 mm; 6.3 mm, and 2.8 mm respectively,  
the shape of the seed was observed as rectangular round 
in tetraploids by Jaskani et al. (2005). Zhang et al. (2019) 
reported that the seeds of tetraploid watermelons are 
larger than diploid watermelons. Chopra and Swaminat-
han (1960) examined the number of seeds per fruit and 
found very few in selfed tetraploid watermelons com-
pared to open-pollinated tetraploids and diploids. Due 
to the number of seeds, a total of 681 seed in diploids 
and 446 seed in tetraploids were obtained in the study 
of Compton et al. (1996), 20.6-75.3 in tetraploids and 
182.8-733 in diploid watermelon; Jaskani et al. (2005) 
determined that there were 323.5 seeds in diploid and 
37.9 seeds in tetraploid watermelons As stated in other 
studies, a decrease in the number of seeds was observed 
in tetraploids.  This situation is thought to be caused by 

the embryos of tetraploids not filling the seed coat, thus 
affecting the number of filled seeds. 

The seed germination rate was found to be high in all lines 
except ST 101 tetraploid line (Table 4). Seed germination 
time, seed emergence rate, and emergence time values 
were found to be non-significant. Due to the seed emer-
gence time (day) and rate (%), the results indicated that 
the earliest seed emergence time (0.27 day) was found 
from WL 134 line. While the highest seed emergence rate 
(100%) was obtained from ST 82 line. In terms of avera-
ges of seed germination and emergence in tetraploids 
and diploids, diploids were found to have higher values 
than tetraploids. Seed germination was inhibited by the 
seed coat formation mechanism. Based on the hard seed 
coat of tetrapoid seed, the water and gases passage is 
limited. The germination rate (%) is limited due to the 
seed coat thickness and the excess of air space between 
the embryo and rind (Jaskani et al., 2006). The germinati-
on rate is reduced not only by the thickness of seed coat 
but also due to the high moisture content in seed. The 
moisture content increases in the immature embryo, and 
the germination rate decreases according to the large air 
gap between the embryo and the seed coat (Grange et 
al., 2000; Grange et al., 2003). In addition, Jaskani et al. 
(2006), reported that the germination rates in tetraploid 
watermelons were 76.6% and 93.3% in diploids. The re-
searchers have also demonstrated that the germination 
rates increased in diploids (98%) and tetraploids (78%), 
after the seeds were cracked (Jaskani et al., 2005).

CONCLUSION

In this study, a comparison of the characteristics of tet-
raploid and diploid watermelons was performed. The 
results indicated that the increase in the number of ch-
romosomes in watermelon plants affected the flower, 
fruit, and seed characteristics. Furthermore, seed yield, 
full seed weight, and embryo/seed ratio were decreased 
in tetraploid watermelon. On the other hand, the length, 
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Table 4. Seed germination (%), germination time (day), seed emergence (%) and emergence time (day) in tetraploid and diploid 
watermelon

Genotype 
Name

Seed Germination 
Rate (%)

Germination 
Time (day)

Seed Emergence
 Rate
 (%)

Emergence 
Time (day)

ST 82 61.12 (51.48) A 2.70 100.00 (90.04) 1.80
ST 101 13.50 (21.56) B 1.50 60.00 (51.20) 2.00
Tetraploid Average 37.31 2.10 80.00 1.90
WL 134 65.00 (53.75) A 0.27 86.67 (72.32) 1.70
WL 216 65.00 (53.75) A 0.56 93.33 (81.21) 3.20
WL 259-B 63.33 (52.76) A 2.60 93.33 (81.20) 1.25
WL 92 55.00 (47.93) A 0.79 80.00 (68.10) 1.38
WL 124 44.44 (41.77) A 1.15 73.33 (63.88) 2.84
WL 235 50.56 (45.32) A 0.56 73.33 (59.24) 1.55
Diploid Average 57.22 0.98 83.33 1.99
LSD (Germination %): 22.11**; LSD (Germination Time): NS; LSD (Emergence %): NS; LSD (Emergence Time): NS
NS: Not Significant; *: ***: P ≤ 0.001; **: P ≤ 0.01; *: P ≤ 0.05: shows difference according to LSD comparison. Transform values are given in parent-
heses
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width, thickness, and 1000 seed weight of the tetraploid 
seeds were increased.  Tetraploid watermelons develo-
ped seeds larger with thicker rinds than diploid water-
melons. This had a negative impact on seed germination 
rate/time, and emergence rate/time. The thickness of the 
fruit rind and seed coats in tetraploid plants has been 
proven to be a result of colchicine application which 
duplicates the chromosome number. Further studies are 
required to eliminate the effect of the colchicine chemi-
cal product on seed coat thickening in order to increase 
germination and emergence rates. 
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