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Abstract
Watermelon (Citrullus lanatus) is one of the most popular fruits in Cameroon and the world at large. However, the extreme 
sensitivity of watermelon to parasites and climatic vagaries makes its cultivation demanding of chemical inputs that can 
have negative impacts on human health and the environment. In Cameroon, there is a slow improvement of fruit yield in 
watermelon breeding due to the lack of natural heritable genetic variation, which is a prerequisite for genetic improvement 
of crops. Such variation can be created through either random or targeted processes on genotypes with appropriate doses of 
radiation. Genetic improvement by induced mutagenesis appears today alongside hybridization as an alternative method of 
creating new plant varieties. However, the success of this approach is determined by the application of an appropriate and 
ideal dose of mutagen. The objective of this study was to evaluate the radiosensitivity of the two most cultivated watermelon 
varieties in Cameroon to gamma radiation from 60Co in order to determine an optimal dose or lethal dose 50 (LD50) for the 
induction of the genetic variability necessary for genetic improvement. Seeds of the Kaolack and Crimson sweet watermelon 
varieties were irradiated with five doses of gamma radiation (100, 200, 300, 400 and 600 Gy) in the laboratory of the Inter-
national Atomic Energy Agency in Seibersdorf, Austria. These seeds were cultivated in a greenhouse following an utterly 
randomized device with three repetitions, and parameters such as the germination rate, the survival rate and the shoot length 
of plants were evaluated. High rates of 90% and 75% germination were obtained, respectively, for the control treatments of 
Kaolack and Crimson sweet, while the lowest rates were 35% at 600 Gy for Kaolack and 30% at 400 Gy for Crimson sweet. 
The highest survival rate of plants (96.66%) was obtained with the control seeds of the Kaolack. This variety had the lowest 
survival rate (45.6%) at 600 Gy dose. Statistical analysis of data obtained helped to estimate the ideal LD50 doses based 
on growth reduction of seedlings’ heights after gamma-ray treatment. Using a linear regression model based on parameters 
like plant size, the LD50 doses for Kaolack and Crimson sweet were calculated at 225.40 Gy and 221.56 Gy, respectively, 
and predicted between 200 and 250 Gy. These results show that the two varieties evaluated were radiosensitive as clearly 
expressed in the parameters evaluated, where the values decreased with the increase in the irradiation dose. The LD50 doses 
from this study could be safely applied as reference doses for large-scale gamma irradiation of watermelon genotypes to 
create desirable agronomic traits in the mutation breeding efforts.
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1  Introduction

The current world’s population growth rate and food needs 
require that food production should be at least doubled by 
the year 2050 (FAO 2009; Tester and Langridge 2010; 
Ray et al. 2013). An important component to tackle this 
challenge and address pressures on global food security 
and nutrition is the genetic improvement of food crops 
(Ronald 2011) like watermelon. Watermelon [Citrullus 
lanatus var. lanatus (Thunb.) Matsum and Nakai] is a her-
baceous fruit vegetable belonging to the Cucurbitaceae 
family (Schippers 2000). This family is known for its great 
genetic diversity (Zaini et al. 2011) and its great adapta-
tion to tropical, subtropical regions and arid deserts (Giwa 
et al. 2010). C. lanatus is warm, long season, prostate and 
annual which has monoecious and/or andro-monoecious 
sexuality (Boualem et al. 2016). The fruit has a thick rind 
(exocarp) that has variable pigmentation with a solid or 
striped appearance, a fleshy mesocarp and an endocarp 
which varies in color from white to yellow or red (Bahari 
et al. 2012; Munisse et al. 2013). Esquinas-Alcazar and 
Gulick (1983) and Mallick and Masui (1986) proposed 
Central Africa and the Kalahari Desert as the center of 
origin for cultivated watermelon. Watermelon is one of 
the most important national and global fruit crops, occupy-
ing about 7% of the world area devoted to the production 
of fruits and vegetables (Guo et al. 2012). World water-
melon production evaluated in 2011 was 104,472,354 
tonnes. China ranks first with approximately 71% of world 
watermelon production followed by Turkey and Iran, 
respectively (Huh et al. 2008). In Algeria, production is 
1,285,134 tonnes. In tropical Africa, some countries have 
significant watermelon production, such as Senegal with 
224,000 tonnes, Sudan with 143,000 tonnes, Cameroon 
and Somalia with 28,000 tonnes each and Mauritania with 
11,000 tonnes (FAO 2013).

Composed of approximately 92% of water, with mois-
turizing properties, watermelon has a refreshing taste that 
quenches thirst. It is particularly rich in phytochemicals 
such as flavonoids, tannins, anti-inflammatory, antiviral 
and antioxidant substances (Johnson et al. 2012). Lyco-
pene (Edwards et al. 2003), Vitamins A, B6, C, carot-
enoids (Olson 1999) and antioxidants are some nutrients 
found in watermelon (Maoto et al. 2019). Watermelon is 
a diuretic and contains large amounts of β-carotene, a pre-
cursor of Vitamin A (Naz et al. 2014). The watermelon 
fruit is effective in reducing cancer, cardiovascular disor-
ders, diabetes, blood pressure and obesity (Edwards et al. 
2003; Naz et al. 2014; Lum et al. 2019). The quantita-
tive assessment indicates that watermelon has 46% calo-
ries, 20% vitamin C and 17% vitamin A and has higher 
lycopene than tomato (Biswas et al. 2017). The emulsion 

obtained from aqueous extract of watermelon seeds is used 
to treat catarrhal infections, intestinal disorders, urinary 
tract infections and fever (Taiwo et al. 2008). Watermelon 
is also rich in citrulline, an effective precursor of l-argi-
nine (Guoyao et al. 1992). Vegetable milk can be extracted 
from watermelon seeds which can replace or supplement 
cow or soy milk and could also meet the needs of vegetar-
ians (Enzonga-Yoca et al. 2011). Syrup, a fermented drink, 
can be made from watermelon juice (Webster and Romshe 
1951). This watermelon juice can increase blood levels 
of carotenoids (lycopene and β-carotene). Carotenoids are 
essential for humans because they have antioxidant activ-
ity and prevent free radicals from harming the body. They 
have protective effects against heart disease and certain 
cancers, such as prostate, bladder, breast, cervix, endo-
metrium, lungs and colon cancer (Edwards et al. 2003).

Despite the importance of watermelon, little research on 
watermelon production has been done in Africa compared to 
cereals and legumes (Kuvare 2005; Davis et al. 2008). Infor-
mation on cultivar performance under various technologies, 
environments and production systems and knowing how 
these systems affect the quality and phytonutrient content 
are necessary to ensure high fruit quality, yield and disease 
resistance for future breeding (Ayodele and Shittu 2013). 
The varieties of watermelon cultivated in Africa lack the 
diversity needed to cause differences in fruit yield (Gusmini 
and Wehner 2005). The availability of heritable variation 
is a prerequisite for genetic improvement of crops. Where 
sufficient variation does not exist naturally, it can be cre-
ated through either random or targeted processes. Mutation 
breeding is an alternative method for the development of 
new plant varieties.

Mutagenesis is one method to introduce genetic variabil-
ity. This approach to broaden genetic variability has been 
demonstrated to be efficient through the use of gamma-ray 
irradiation (Kumar and Shunmugavalli 2018; Olasupo et al. 
2018). Mutagenesis is an abrupt, inheritable change that 
occurs in DNA and is not caused by segregation or genetic 
recombination. It can either be spontaneous or induced by 
mutagens (Roychowdhury and Tah 2013). The choice of 
which type of mutagen to use for mutation breeding is often 
based on past successes reported for the species and other 
considerations such as the availability of mutagens, costs 
and infrastructure (Mba 2013; Bado et al. 2015). Induced 
mutations are caused by the action of mutagenic agents or 
transposable DNA elements to create and increase vari-
ability within a population. Radiomutagenesis significantly 
improves the frequency of appearance of mutations and 
can, therefore, be used to widen genetic variability, which 
can be integrated into many breeding and varietal creation 
schemes (Guerin De Montgareuil 1984). These modifica-
tions are characterized either by gains or losses of function. 
The exploitation of mutants can help locate and identify 
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affected genes and determine their biological function (Meu-
nier 2005).

The first plant variety created by induced mutagenesis was 
launched in 1936, and the use of selection by induced muta-
tion took off worldwide in the 1960s, including in Europe, 
Japan, India and China, regions that were much more skep-
tical at first. To date, more than 3000 varieties of plants in 
190 plant species have been created by induced mutagenesis 
(Shu et al. 2012). The induced mutation has been used to 
produce many cultivars of improved economic value as well 
as development processes and resistance to plant pests and 
diseases. Mutations can be induced in a variety of ways, such 
as exposure of plant propagules, including seeds, tissues and 
other organs, to physical and chemical mutagens (Mba et al. 
2010). Mutagens are chemicals or physical factors whose 
actions are random and could modify any part of the genome 
or gene (Morère et al. 2003). Physical mutagens are mainly 
electromagnetic radiation such as gamma rays, X-rays, UV 
light and radiation from thermal particles, such as fast neu-
trons, alpha and beta particles. Chemical mutagens include 
ethyl methanesulfonate (EMS), ethidium bromide and basic 
analogues such as bromouracil (van Harten 1998; Girija 
and Dhanavel 2009; Mba et al. 2010). Among the differ-
ent mutagenic agents, gamma rays are commonly used in 
breeding programs to induce mutations in various plant spe-
cies because of their easy availability, simple application, 
good penetration, high reproducibility, large mutation fre-
quency and low disposal problems (Mba et al. 2012). Thus, 
more than 60% of the mutant cultivars were produced by 
gamma rays (Bado et al. 2015). The efficacy of a mutagenic 
treatment to induce genetic variation in cultivated plants 
depends, among other things, on the genetic makeup of the 
test varieties and the treatment dose (Van Harten 1998; Mba 
et al. 2010). In watermelon (Citrullus lanatus L.), different 
genotypes and doses of gamma rays have been tested by 
Sari and Abak (1996). Similarly, pollen irradiation tests with 
gamma radiation for the production of haploid embryos have 
been successfully carried out by Taskin et al. (2013), with 
the aim of creating haploid watermelon varieties. Compared 
to conventional breeding methods, mutation breeding is a 
more powerful and effective crop improvement technique, 
requiring only a short time to develop a new variety. Further-
more, among more current plant breeding methods, muta-
tion breeding is a more economical and generally accepted 
approach than transgenic technology (GMOs) for the devel-
opment of new traits (Wilde et al. 2012).

Radiosensitivity and determination of the optimal dose 
of radiation are terms describing a relative measure of the 
amount of recognizable effects of radiation exposure on the 
irradiated material (Owoseni et al. 2007). Optimizing the 
dose of radiation is the first step in induced mutation breeding 
where its predictable value guides the researcher in the choice 
of the ideal dose depending on the plant materials and desired 

outcome. The LD50 is an important parameter to measure 
the short-term poisoning potential (acute toxicity) of treat-
ment and widely used to determine the optimum mutation 
frequency with least possible unintended damage (Owoseni 
et al. 2007). According to Mba et al. (2010), the dose of muta-
gen considered as optimal or LD50 is that which reaches the 
optimal mutation frequency with the least possible damage.

The cultivation of watermelon is of great interest but 
faces several problems. Its extreme sensitivity to parasites 
and climatic hazards makes its cultivation demanding of 
chemical inputs that can have negative impacts on human 
health and the environment. Its richness in water exposes 
the crop in drought conditions to water stress which con-
siderably limits plant production. Improvement by induced 
mutation has many advantages, such as the expansion of 
genetic resources, the creation of local mutant gene banks, 
the development of new varieties and the integration of new 
combinations of genes which are not found in nature (Mba 
2013). Radiosensitivity test is a relative measure that indi-
cates the quantity of recognizable effects of radiation on the 
irradiated objects (Morishita et al. 2003). Before any selec-
tion by induced mutagenesis, a radiosensitivity test is thus 
recommended. This provides a simple method for measur-
ing mutagenic effects and determining the optimal radiation 
dose for mutation induction. The lethal doses 50 (LD50) 
usually create maximum variability with minimum numbers 
of undesirable mutants. The objective of this study was to 
assess the sensitivity to gamma radiation of two varieties of 
watermelon in order to determine the ideal dose LD50 for 
genetic improvement.

2 � Materials and methods

Plant material and study site   – This study was conducted in 
the experimental greenhouse of the Institute of Agricultural 
Research for Development (IRAD), Cameroon, from March 
to April 2019. Two commercial varieties of watermelon with 
better agro-morphological performance were used for this 
experiment: (a) Crimson sweet fruit of light green color mot-
tled with dark green, and with red and juicy flesh, and (b) 
Kaolack characterized by a high germination rate having the 
round fruit marbled of light green color and with red and 
juicy flesh (Fig. 1). 

Seed irradiation  – The study used seeds of two varieties 
of watermelon (Kaolack and Crimson sweet)). Dry, healthy 
and quiescent seeds were prepared for irradiation and were 
sent from Cameroon to the International Atomic Energy 
Agency (IAEA), Agriculture and Biotechnology Laboratory, 
based in Seibersdorf, Austria. Twenty seeds per variety were 
gamma-irradiated in three replications using the gamma irra-
diation facility at the IAEA. Five doses of gamma radiation 
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were used (0, 100, 200, 300, 400 and 600 Gy). The 0 Gy 
dose served as a comparative control. The seeds were packed 
in separate seed envelopes and placed in desiccators for three 
days to attain the desired moisture level of 8%. Irradiation 
was applied using a Cobalt 60 (60CO) source Gamma Cell 
Model No. 220 with 11.96 Gy/min dose rate. The various 
doses were used to establish the optimum irradiation level 
that can achieve optimum mutation frequency with the least 
possible and unintended damage (Mba et al. 2010).

Growing plants, experimental design, data collection and 
analysis   – The radiosensitivity test (the biological effects 
of the mutagen treatments on plants) was studied following 
the methods described by Mba et al. (2010) and Tshilenge-
Lukanda et al. (2012). Irradiated seeds were planted in seed-
ling trays containing a sandy loam rich in organic matter and 
previously sterilized in an autoclave. Trails were established 
under environmentally controlled greenhouse with tempera-
tures of 22 to 35 °C and light regime kept at 12 h photoper-
iod. The experiment was set up in a completely randomized 
design with three replications. Seedlings were watered every 
day to ensure adequate soil moisture.

Seed germination   – Five days after sowing, the first germi-
nation was recorded, and then, the time of germination (time 
separating the date of sowing and the date of the first ger-
mination) was evaluated. The germination rate expressed as 
a percentage of germinated seed was evaluated three weeks 
after sowing by making the ratio between the numbers of 
seeds germinated by the number of seeds sown according 
to Olasupo et al. (2016).

Germination rate(%) =
number of germinated seeds

number of irradiated seeds planted
× 100

The shoot length   – Between the 14th and the 20th day after 
sowing (DAS), the lengths of the stems were measured every 
day above the soil surface to the tip of the primary leaf using 
a ruler and expressed in centimeters (Fig. 2).

The survival rate  – The survival rate of M1 populations was 
evaluated at the 28th DAS by relating the number of plants 
alive to the number of germinated seeds sown according to 
the following relationship (Olasupo et al. 2016).

Semilethal dose (LD50)  – The LD50 (led to 50% reduction 
in the shoot length) for each variety was estimated through 
the simple linear regression model by fitting the straight-line 

Survival rate(%) =
number of survived seedling

number of germinated seeds
× 100

Fig. 1   Fruits of the two varieties 
of watermelon (Citrullus lana-
tus) used in the experiment

Fig. 2   Radiosensitivity test in watermelon (Citrullus lanatus). Vari-
ous doses of gamma radiation were used (0, 100, 200, 300, 400 and 
600 Gy). The 0 Gy dose served as a comparative control. The Experi-
ment was done using a Gamma Cell 220 Cobalt 60 (60CO) irradiation 
unit source with 11.96 Gy/min dose rate
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equation y = mx + c, where y is the response variable (shoot 
length), and x is the independent variable (irradiation dose), 
while m and c represent the slope and constant, respectively 
(Horn and Shimelis 2013; Ertan et al. 2017; Gnankambary 
et al. 2019).

Statistical analysis   – The data obtained were subjected to an 
analysis of variance (ANOVA) using the statistical software 
STAT​GRA​PHICS 5.1. The LSD (least significant difference) 
test was used to compare and separate the means values at 
the significance level of (P < 0.05). Microsoft Excel 2010 
software was used to calculate means, plot curves and linear 
regression.

3 � Results

Germination of seeds   – Time of germination and plant sur-
vival data are presented in Table 1. The results reveal that 
100 Gy dose had a stimulating effect on germination and 
caused seeds to germinate all in just 6 days for Kaolack vari-
ety and seven days for Crimson sweet variety. The control 
seeds germinated five days after sowing for Kaolack and six 
days after sowing for Crimson sweet. The seeds treated with 
200, 300, 400 and 600 Gy germinated between 6 and 14 days 
after sowing for Kaolack and between 7 and 17 days after 
sowing for Crimson sweet.

Germination rate  – The mean and standard deviation of 
percent germination are presented in Table 1. The highest 
germination rates were observed in control treatment for 

the two varieties at 90% for Kaolack and 75% for Crimson 
sweet. The low germination rates are observed at 600 Gy 
treatment for all varieties. Results reveal a significant nega-
tive effect of gamma rays (P < 0.05) on germination. Germi-
nation percentage decreased drastically in all the varieties 
with increased Gy doses (Fig. 3).

 

Shoot length  – The observations on shoot length with 
respect to gamma-ray irradiation showed a significant 
effect on all the treatment doses compared to the control 
for Kaolack variety (Table 2). For Crimson sweet, a sig-
nificant difference was observed only between 100 Gy 
treatment and the control. The maximum shoot lengths 

Table 1   Plant survival rate and time of seed germination after irradiation with 60Co gamma rays of two watermelon varieties

Varieties Mutagen Treatment dose 
(Gy)

Number of 
treated seeds

Survived plants 
(number)

Survived plants compared 
to control (%)

Days to germina-
tion (number of 
days)

Kaolack 60Co Control 60 58 100.00 5
100 60 48 82.76 6
200 60 54 93.10 6–14
300 60 47 81.03 6–14
400 60 26 50.00 6–14
600 60 27 46.55 7–14

Crimson sweet 60Co Control 60 52 100.00 6
100 60 50 96.15 7
200 60 47 90.38 8–15
300 60 39 75.00 8–17
400 60 40 76.92 8–17
600 60 40 76.92 8–17

Fig. 3   Schematic presentation of the germination rate of the Kaolack 
and Crimson sweet varieties after gamma radiation (control = 100%). 
Different letters denote significant differences at 5% probability level 
according to LSD test
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(69.8 cm) for Kaolack and (67.8 cm) for Crimson sweet 
were observed on controls. The lowest values: 9.9 and 
14.1 cm, respectively, for Kaolack and Crimson sweet 
were observed for the treatment with the highest irradia-
tion dose 600 Gy (Table 2). 

Survival rate   – Plant survival data are presented in Table 2. 
Results reveal a significant effect (P < 0.05) of gamma rays 
for Kaolack variety. Survival rates were greater for the con-
trol at (96.66%). This variety had the lowest survival rate 
(45.6%) with a dose of 600 Gy (Fig. 4).

For the Crimson sweet variety, the average survival rates 
varied from 86.6 to 65%, respectively, for the control and 
the 300 Gy dose. However, unlike the Kaolack variety, no 
significant difference was observed for the Crimson sweet 
variety concerning the survival rate (Table 2, Fig. 5).

Determination of the LD50   – Figures 6 and 7 show lin-
ear regression of seedling heights to irradiation doses. The 
seedling height responses of Kaolack and Crimson sweet 
against irradiation doses are given by the linear equations: 
y = − 0.124x + 77.95 and y = − 0.128x + 78.36, respec-
tively. LD50 doses were predicted based on seedling height 
(Table 3). The results indicated that LD50 doses varied 
among varieties. It was concluded that the optimum dose 
LD50 for Kaolack variety was 225.40 Gy and 221.56 Gy 
for Crimson sweet.

4 � Discussion

The present study compared the responses of two water-
melon varieties using five gamma radiation doses to estab-
lish the LD50 and to determine associated effects on early 
growth characters. Results revealed that seed germination, 
seedling height and survival rate decreased substantially 
with increased gamma radiation doses. These results were 
similar to those of other workers who reported that increas-
ing the irradiation dose decreased the seed germination and 
seedling growth (Tshilenge-Lukanda et al. 2013; Verma 
et al. 2017; Karidiatou et al. 2019). However, according to 
Kodym et al. (2012), sensitivity to a mutagen depends on 
the type of material and varies from one species to another.

Table 2   Analysis of variance on the size and survival rate of two 
watermelon varieties

Means followed by the same letter within the same rows are not sig-
nificantly (P > 0.05) different according to LSD test

Doses Seedling height (cm) Seedling survival (%)

Kaolack Crimson sweet Kaolack Crimson sweet

0 69.8 ± 2.8e 67.8 ± 6.1c 96.6 ± 5.7c 86.6 ± 10.4a
100 45.4 ± 3.6d 45.5 ± 8.0b 80.0 ± 5.0bc 83.3 ± 7.6a
200 36.2 ± 6.4c 20.4 ± 2.4a 90.0 ± 5.0b 78.3 ± 2.9a
300 29.6 ± 5.1bc 19.1 ± 9.7a 78.3 ± 10.4b 65.0 ± 12.0a
400 22.2 ± 6.7b 15.4 ± 2.1a 48.3 ± 12.5a 66.6 ± 17.2a
600 9.9 ± 1.6a 14.1 ± 3.2a 45.0 ± 5.0a 66.6 ± 5.7a
F value 56.20 38.98 22.26 1.78
P value 0.0000 0.0000 0. 0000 0.1911
Df 5 5 5 5

Fig. 4   Reduction in seedling height of M1 generation of two varieties 
of watermelon (Kaolack and Crimson sweet) after gamma irradiation

Fig. 5   Effect of different doses 
of gamma radiation on the sur-
vival of plants in two varieties 
of watermelon, 28 days after 
sowing
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The germination rate for the Kaolack variety gradually 
decreases from 90% for the 0 Gy control to 35% for 600 Gy, 
while for the Crimson sweet variety, this drop goes from 
75% for the control to 37.5% for 600 Gy. Thus, for both 
varieties, the percentage of germination gradually decreases 
with the increase in the dose of irradiation. Similar results 
have been observed in pumpkin and squash by Ertan et al. 
(2017). These same observations were made, respectively, 
by Solanki and Sharma (1994) and Singh et  al. (2007) 
in lentils and by Girija and Dhanavel (2009) in cowpeas. 
These results differ from those of Essel et al. (2016) which 
showed no significant effect of increasing doses of gamma 
irradiation on cowpea germination. The destruction of auxin, 
changes in the content of ascorbic acid and biochemical dis-
turbances after mutagenic therapy may be responsible for 
this inhibition of germination (Shah et al. 2008).

The growth parameter based on seedling height was 
observed for the two varieties with the maximum values of 
69.8 ± 2.8 cm for the Kaolack variety against 67.8 ± 6.1 cm 
for the Crimson sweet variety, respectively. The lowest val-
ues: 9.9 ± 1.6 and 14.1 ± 3.2 cm, respectively, for Kaolack 
and Crimson sweet were observed in the batches with the 
highest irradiation dose 600 Gy. There is a reduction in seed-
ling height with an increase in the irradiation dose. These 
results are in agreement with the previous studies reported 
on rice varieties in Sierra Leone, on beans (Bajaj et al. 
1970), corn (Marcu et al. 2013), eggplant (Ulukapi et al. 
2015), chilli (Sikder et al. 2013), squash and pumpkin (Ertan 
et al. 2017). Reduction of this trait with increasing gamma-
ray dose may be due to the insufficient water and nutrient 
uptake as a result of the severe effect of high irradiation dose 
on root growth and development (Ulukapi et al. 2015).

The highest percentage of survivors (96.66%) is obtained 
with the control treatment for the Kaolack variety. This same 
variety has the lowest survival rate (45.6%) with the 600 Gy 
dose. This reduction in survival rate is also observed in the 
Crimson sweet variety and varies from 86.6 to 65%. Manju 
and Gopimony (2009) reported that the reduction in plant 
survival is an index of post-germination mortality resulting 
from the irradiation effect on the physiological and cytologi-
cal mechanisms of plants. The lower percentage of survival 
after the treatment with the gamma rays may be attributed 
to a drop in auxin level resulting in poor establishment and 
chromosomal aberrations caused by the mutagenic treat-
ments (Mahure et al. 2010).

According to Maluszynski et al. (2003), radiosensitiv-
ity test between LD30 and LD50 is preferable to obtain the 
desired and optimum traits. The data collected for shoot 
length were used to determine the LD50. The LD50 doses 
of Kaolack and Crimson sweet plants were 225.40 Gy and 
221.56 Gy, respectively. This indicated that varieties could 
respond differently to gamma radiation. This observation 
is similar to the findings of Tabasum et al. (2011). They 
revealed that the response of genotypes to various doses 
of gamma irradiation was different, and the highest dosage 
caused a reduction in physiological processes. However, 
Ukai (1983) suggested an LD50 of 400 Gy for Cucurbita 
spp. Ertan et al. (2017) estimated the LD50 of 173 Gy in 
pumpkins based on the length of the shoots. Olasupo et al. 
(2016) presented a wide variation of LD 50% ranging from 
326 to 1053 Gy for seed germination and from 148.8 to 
620.2 Gy for seedling survival in cowpea.

In conclusion, determination of the optimum dose of 
a mutagen in mutation breeding studies is critical for the 
development of lines with desirable agronomic traits. The 
results of the present study indicate that investigations of 
growth parameters (such as root and shoot lengths) are 
more effective than those of seed traits (germination and 
emergence) for assessing irradiation history. The results 
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Fig. 6   Seedling length (cm) and fitted straight lines of Kaolack when 
tested with five gamma radiation doses
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Fig. 7   Seedling length (cm) and fitted straight lines of Crimson sweet 
when tested with five gamma radiation doses

Table 3   The optimal dose (LD50%) of seedling height for two varie-
ties of watermelon

LD50% optimal dose 50%, R2 coefficient of determination

Variety Linear equation R2 LD50% (GY)

Kaolack y = − 0.124x + 77.95 0.705 225.40
Crimson sweet y = − 0.128x + 78.36 0.724 221.56
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also show that the difference in radiosensitivity between the 
two varieties is not very significant. The LD50 or doses of 
mutagen, which can reach an optimal mutation frequency 
with the least possible damage to the genome, were esti-
mated between 200 Gy and 250 Gy for the two varieties. The 
use of this technique may speed up naked seed watermelon 
breeding programs for obtaining new, improved cultivars 
or hybrids with high yield potential and better resistance to 
diseases. As we envisage pursuing this research, these opti-
mum mutagen doses determined for the different watermelon 
varieties could be useful in watermelon varietal improve-
ment programs in Cameroun.
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