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vegetables by Munger and Robinson (1991).
Cantalupensis and inodorus are two of them that generate
a lot of commercial attention due to their pulp taste (Mc-
Creight et al., 1993). Between these two economically
significant groups, there is significant differences in fruit
morphology, allowing them to be classified into distinct
market kinds such as, cantaloupe, galia, charentais

INTRODUCTION

Melon (Cucumis melo L., 2n=2x= 24) is an
important sweet horticulture crop worldwide character
(Ibrahim E. A, 2012; Adeyeye et al., 2017; Ansari et al.,
2018 and Sergio et al., 2021) because the fruit’s pulp
with pleasant aroma is sweet, high nutritional and

extremely refreshing (Ibrahim, 2011). It is a member of
Cucurbitaceae family, which includes numbers of other
important crops such as cucumber, watermelon,
pumpkin, and squash (Aragdo et al., 2013). Additionally,
melon was originally classified into ten botanical types
Naudin (1859) and reclassified into seven categories of

(cantalupensis), yellow, piel de sapo, and honeydew
(inodorus). So, it considers highly diverse species that
exhibit significant variability regarding morphological,
physiological and biochemical features (Pitrat, 2017;
Haitham et al., 2019 and Emerson et al., 2023).
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Melon plant are able to grow and survive in
environments that are not ideal for their growth. This is
due to several mechanisms and strategies that can be
done under abiotic stresses including Escaping,
Avoidance, and Tolerance (Chaves et al., 2003 and
Pinheiro et al., 2019). The main abiotic stress that
constraints melon productivity is drought stress
conditions (Sensoy et al., 2007; Cetin et al., 2018;
Bezerra et al., 2020; Maria and Rafael, 2021 and José et
al., 2023). Numerous harms take by drought stress
including growth inhibition, metabolic disturbances and
losses in yield and quality of melon production (Rafaella
etal., 2016; Yusuf et al., 2019; Hussein and Selim, 2020;
Silva et al., 2021 and Luis et al., 2022) like small fruits
(Long et al., 2006; Dogan et al., 2008 and Cabello et al.,
2009; Chandna et al., 2014 and Mani, 2014). Drought
stress can affect melon plants at any time of their life,
presenting unique special challenges for growth, once of
the critical stages of them is early growth stage. An
effective and appealing strategy is genetic improvement
to discover or create tolerant melon genotypes adaptive
to drought stress conditions (Ashraf et al., 2009; Turral
etal., 2011; Mani, 2014; Ripoll et al., 2014; Lima et al.,
2017; Nwokwu et al., 2018; Vidya et al., 2019; Hussein
and Selim, 2020 and Shi et al., 2021). In addition, not all
stages of melon growth are uniformly tolerant to drought
stress conditions, but some stage can cope with water
deficit such as early plant growth stage Mansoureh et al.,
2015; Daryono and Maryanto, 2017). So far, there are no
studies evaluating melon response at initial stages of
development under drought conditions (Silva et al.,
2021). Therefore, evaluating response of drought stress
at early growth stage is a strategy of pre-discover
differential traits toward drought stress conditions
(Mohammad et al., 2017 and Chevilly et al., 2021).
Thus, the purpose of this investigation is to determine
response of four melon genotypes at early growth stage
under normal and drought stress conditions, to learn
more about varying reactions between studied genotypes
to assist defining novel breeding strategies under drought
stress conditions.

MATERIALS AND METHODS

During season 2023, the current study was
conducted in greenhouse in the research farm of faculty
of agriculture, Sohag university, Sohag, Egypt. The
studied four melon genotypes (G-1201, G-C-61, G-1-115
and G-1-153) were offered by Genetic Dept., Faculty of
Agric., Sohag Univ., Sohag, Egypt. Ten seeds of each
genotype were germinated in a Petri plate with moist
sterile Whatmann filter paper in incubator at 37°C for
three days. Subsequently, at the cotyledon stage, the
uniformly seedling size were transferred into plastic pots
with commercial substrate (Vermiculate) in triplicate
complete randomized block design (RCBD). The
plantlets were grown in the full irrigation conditions
(100%) until reached three leaves stage. Melon plants
were then divided into two groups (normal conditions=

100% irrigation) and (drought conditions= 50%
irrigation) until approximately 45 days old plants.

For every genotype and condition, ten samples
were assessed from each replication to measure the
studied seven phenological traits as indicators of drought
tolerance at early growth stage as follow:

1. 1° Leaf Score Tolerance, use scale (0 — 5) for
evaluation appearance as follow; 0= first leaf
remained in normal horizontal orientation; 1=
first leaf pointed upward; 3= first true leaf
curled downward; 5= first true leaf curled
downward.

2. 2° Leaf Score Tolerance, use scale (0 — 5) for
evaluation appearance as follow; 0= second leaf
remained in a normal horizontal orientation; 1=
second leaf pointed upward; 3= second true leaf
curled downward; 5= second true leaf curled
downward.

3. Flowers Numbers, count flowers in each plant
for each condition.

4. Vine Length, measured from the soil surface to
the growing tip of the longest vine branch.

5. Green Leaves Numbers per vine per vine,
counted green leaves in each plant for each
condition.

6. Brown Leaves Numbers per vine per vine,
counted brown leaves in each plant for each
condition.

Mean value with standard error of each
replication was statistically analyzed for diversity.
Furthermore, correlation between studied traits was
calculated by Pearson correlation coefficient by heatmap
double dendrogram cluster analysis based on unweighted
paired group method with arithmetic means (UPGMA).
Besides, to find links between the studied four melon
genotypes, Euclidean heatmap double dendrogram
cluster analysis based on unweighted paired group
method with arithmetic means (UPGMA) was carried
out.

RESULTS

At early growth stage, several responses of
melon plant toward drought stress occurs. Accordingly,
the purpose of this study is to determine whether studied
four melon genotypes had distinct reactions with high
values toward 1° Leaf Score Tolerance, 2° Leaf Score
Tolerance, Flowers Numbers, Vine Length, Green
Leaves Numbers per vine and Brown Leaves Numbers
per vine traits.

Regarding mean performance (Fig. 1), the
findings demonstrated that, the genotype G-1201
recorded maximum numbers for 1° and 2° Leaf Score
Tolerance under normal conditions. In the meantime,
under drought stress conditions, the genotypes G-C-61
and G-1201 recorded greatest values for 1° and 2° Leaf
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Score Tolerance. For the flower’s numbers trait, the
genotype G-1-115 performed best in both normal and
drought stress conditions. Additionally, under both
normal and drought stress conditions, the genotypes G-
1201 and G-C-61 showed highest amount of vine length.
Moreover, the genotypes G-1201 and G-C-61, and G-I-
153 had the highest number of green leaves per vine
under normal and drought stress conditions, respectively.
Conversely, under both normal and drought stress

conditions, the genotype G-1-115 demonstrated highest
results for Brown Leaves Numbers per vine per vine.
These results suggests that, genotypes with high values
under drought stress conditions are recommended for
breeding programs due to their steady growth because of
the observed values under normal conditions had less
significant variation among studied genotypes. Referring
that, normal conditions preserve efficiency maintained
than drought stress conditions.

250 1° Leaf Score Tolerance

Normal

Drought 72.30 73.60

Drought 3.70

2° Leaf Score Tolerance

1

Green Leaves Numbers 700

Flowers Numbers

Brown Leaves Numbers

Fig. 1: (Means * SE) effects of normal and drought stress conditions of 1° Leaf Score Tolerance, 2° Leaf Score
Tolerance, Flowers Numbers, Vine Length, Green Leaves Numbers per vine and Brown Leaves Numbers per vine
traits for the studied four melon genotypes.

Knowledge correlation between traits help to
choose direction of related traits. Table 1 and Fig. 2 show
results of Pearson correlation analysis between the
examined traits under normal and drought stress
conditions. Under normal conditions, the results showed
significant positive correlation (0.966*) between 1° Leaf
Score Tolerance and 2° Leaf Score Tolerance. This
demonstrates definitely that increased 1° Leaf Score
Tolerance enhanced 2° Leaf Score Tolerance,
encouraging selection for this trait. Additionally, under
drought stress conditions, there is highly significant
positive correlation between Vine Length and Green
Leaves Numbers per vine (0.999**), illustrating that
genotypes with long Vine Length have influenced in

maintain Green Leaves Numbers per vine. Conversely,
under normal conditions, there were significant negative
correlations between traits 2° Leaf Score Tolerance and
Flowers Numbers (-0.974*) and Flowers Numbers and
Green Leaves Numbers per vine (-0.960*). Suggesting
that, increased Flowers Numbers causes decreased in 2°
Leaf Score Tolerance and Green Leaves Numbers per
vine. Significant negative correlation between Vine
Length and Brown Leaves Numbers per vine (-0.974%)
and Green Leaves Numbers per vine and Brown Leaves
Numbers per vine (-0.981*) were also found under
drought stress conditions, referring that, increased in
Brown Leaves Numbers per vine leading to decreased
Vine Length and Green Leaves Numbers per vine.
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Table 1: Pearson correlation coefficient between studied traits under normal and drought stress conditions.

Normal Conditions
1° Leaf 2° Leaf Flowers Vine Green Leaves Brown Leaves
Score Score Numbers | Length | Numbers per Numbers per
Tolerance | Tolerance vine vine

1° Leaf Score Tolerance 1

2° Leaf Score Tolerance 0.966* 1

Flowers Numbers -0.889 -0.974* 1

Vine Length 0.792 0.873 -0.834 1

Green Leaves Numbers per vine | 0.809 0.895 -0.960* 0.649 1

Brown Leaves Numbers per vine | -0.767 -0.716 0.719 -0.286 -0.829 1

Drought Stress Conditions

1° Leaf Score Tolerance 1

2° Leaf Score Tolerance 0.491 1

Flowers Numbers -0.273 0.057 1

Vine Length 0.752 0.778 -0.536 1

Green Leaves Numbers per vine | 0.755 0.755 -0.564 0.999** | 1

Brown Leaves Numbers per vine | -0.694 -0.631 0.714 -0.974* | -0.981* 1
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Fig. 2: Pearson correlation of double dendrogram heatmap cluster analysis based on UPGMA of the studied traits

under normal and drought conditions

Euclidian heatmap double dendrogram cluster
analysis (Table 2 and Fig. 3) was used to calculate
similarity index between the studied melon genotypes to
evaluate the contribution of the studied traits. The study
found that, under normal conditions, genotypes had
groups with 1° Leaf Score Tolerance, 2° Leaf Score
Tolerance, Green Leaves Numbers per vine and Brown
Leaves Numbers per vine, except Flowers Numbers and

Vine Length. Whereas, under drought stress conditions,
studied genotypes performed well in with 1° Leaf Score
Tolerance, 2° Leaf Score Tolerance, Flowers Numbers
and Brown Leaves Numbers per vine, except Vine
Length and Green Leaves Numbers per vine. Indicating
that studied genotypes performed well on studied traits
under normal and drought stress conditions.

Table 2: Group of response studied melon genotypes under normal and drought stress

Group | Normal Conditions

1 1° Leaf Score Tolerance, 2° Leaf Score Tolerance, Green
Leaves Numbers per vine and Brown Leaves Numbers per vine

None Flowers Numbers and Vine Length

Group | Drought Conditions

1 1° Leaf Score Tolerance, 2° Leaf Score Tolerance, Flowers
Numbers and Brown Leaves Numbers per vine

None Vine Length and Green Leaves Numbers per vine
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Fig. 3: Euclidean heatmap double dendrogram cluster analysis based on UPGMA between studied genotypes and
traits under normal and drought conditions

DiscuUsSION

Each genotype of melon has a unique genotypic
and phenotypic trait. Phenotypic traits are observed
external traits calculate by measuring parameters to
determine the interactions of contained proteins encode
that are encoded by genes (Rachmawati et al., 2009 and
Hossein et al., 2022). Drought stress in and external
factor referring to limited water supply to plant roots,
leading to lack of moisture in active plant root zone and
poor nutrient utilization, which reduces transpiration
rates in plants (Ibrahim, 2012 and Zhang et al., 2021).
Plants of early growth stage are severely affected by
drought stress conditions (Ahmadi-Mirabad et al., 2013).
Additionally, performance of genotypes at early growth
stage has been considered highly predictive in response
of adult plant under normal and drought stress
conditions, which are useful in contribute great effective
in screen large germplasm. Therefore, comparison
between genotypes under normal and drought stress
conditions is useful scenario of breeding techniques to
produce steady genotypes agreement climate change
(Turral et al., 2011 and Ansari et al., 2019). Thus, in
order to obtain further comprehension profile in response
of melon genotypes toward normal and drought stress
conditions, our main goal is to evaluate tolerant of four
melon genotypes at early growth stage under normal and
drought stress conditions, since the studied traits thought
to be distinctive traits toward normal and drought stress
conditions.

The study found that there is significant
decrease of the studied traits under drought stress
conditions as compared to control conditions, which are
in agreement of Naroui Rad et al., (2017); Ansari et al.,
(2018) and Haitham et al., (2019); Zhang et al., (2021)
and Hossein et al., 2022. According to several findings,
tolerant melon genotypes under drought stress conditions
showed significant increase in water use efficiency

Ibrahim, (2012); Arzani and Ashraf, (2016); Tedeschi et
al., (2017); Akhoundnejad and Dasgan, (2019); Zhang et
al., (2021) and Hossein et al., 2022. Besides, in research
conducted by Kusvuran et al., (2012), thirty melon
genotypes were evaluated for their response of drought
stress conditions at seedling stage, their findings revealed
three groups for tolerant, intermediate and susceptible
genotypes. Furthermore, acceleration of flowers
numbers is an indicator of drought tolerant in plants.
Since drought stress causes production of giberelin, that
reduces plant growth. Plus, hydrolysis occurrence of
starch into simple sugars make plants also more rapid
flowering (Poerwanto, 2014). Furthermore, a study by
Stephen & Davenport (1986) revealed that, plants that
under drought stress conditions provides inductions
flower acceleration than control conditions. So, escaping
strategy regarding flower acceleration is an effective to
reduce lost productivity by speeding up flowering to
shorten drought stress time (Farooq et al., 2009). Our
findings demonstrated that flowers numbers were found
under normal and drought conditions at genotypes G-
1201 and G-I-115, indicating that these genotypes are
stressed to protect plant genes from drought stress and
transfer them to next generations as mentioned by
Yuanita et al., (2018). On the other hand, vine length
used as a measurement for describing plant growth and
development in a particular condition in early growth
stage. Since, existence of strong apical dominance, that
result increase in cell divisions and differentiation, help
in multiplication and cellular elongation for better
plantlets growth by improve uptake nutrients, leading
increase rate of plantlets metabolisms such as
photosynthesis and respiration and improve assimilation
of carbohydrates. So, vine length trait recommended to
be good trait for response of melon plantlets under
normal and drought stress conditions. Our results are in
consistent with those of Kusvuran et al., (2011) who
found significant differences in vine length between their
studied melon genotypes. Numerous studies of vine
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length have been documented by Wang et al., (2016);
Haitham et al., (2019); Vidya et al., (2019). Besides,
green leaves numbers per vine are an essential part of
melon plantlets, since serves as an indicator growth due
to photosynthetic activities which increases chlorophyll
content and improve carbohydrate synthesis to form new
cells for protections. According to our results, green
leaves numbers per vine considered direct substantial on
plant development, since with increase vine length, green
leaves lumbers increase, as mentioned in studies by
Mansoureh et al., (2015); Daryono and Maryanto,
(2017); Haitham et al., (2019) and Emerson et al.,
(2023). In contrast, it has been observed that, brown
leaves number per vine was impacted by drought stress
conditions, because of unbalance hormones that can
decrease nutrient movement from root to leaves. Similar
results have been documented on melon by Ashraful et
al., (2020) and Seleiman et al., (2021) who found several
numbers of brown leaves among studied genotypes
under drought stress conditions and they approved that
this due to hereditary reasons. Furthermore, based on
correlation and heatmap analysis, significant results
essential for melon breeding strategies at cellular level
and in vitro selection criteria for drought tolerant in
melon, as found by Szamosi et al., (2010).

CONCLUSION

According to findings of this study, examined
phenotypic traits significantly decreased under drought
stress conditions as compared to normal conditions.
These traits considered indicator at cellular level and in
vitro selection criteria. Therefore, the studied genotypes
are considered moderate to tolerant under drought stress
conditions, which may be play substantial role on the
incorporation of drought tolerant genes in future
breeding strategies. In addition, detailed studies are
crucial to predict drought stress tolerance performance
such as studies at DNA level.
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