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ABSTRACT

Due to climate change, it is necessary to develop plant varieties that are resilient to climate conditions and resis-
tant to abiotic and biotic stresses. The use of microalgae, which are microorganisms that contain carbohydrates,
proteins, lipids, and vitamins, against drought tolerance is a new approach. The aim of the current study was to
determine the drought-related mechanisms in the conomon melon genotype and develop drought-tolerant melon
cultivars. Morphological, physiological, pomological, and molecular analyses were carried out on the algae-treated
genotypes. It has been determined that commercial algae application provides the best results in leaf temperature,
leaf relative water contents (LRWC), plant height, fruit length, fruit diameter, and yield, while Cag Cag (a special
river in the region) stream algae application gives better results in main stem diameter. It was determined that the
number of nodes in the control (without algae) plots was higher than in the other two treatments. Yield and
LRWC and plant height values of genotype 7 were the best values among other genotypes. The leaf temperature
measurement was lower on genotype 9 than on the other genotypes. While the highest fruit length value was mea-
sured in genotype 1, genotype 8 was superior in the main stem diameter, fruit diameter, and the number of nodes
among the remaining plant materials. In terms of yield, it was determined that the interaction between genotype
2 and the commercial algae resulted in the best outcomes. In addition, the results of the genetic evaluation
revealed that the materials used were not genetically distant from each other and more detailed genetic evalua-
tions are needed. The molecular kinship analysis revealed that the genotypes used in the study were divided into
three distinct groups, with individuals within each group exhibiting a high degree of relatedness to one another.
As a result of the study, it was found that the application of microalgae had significant effects on improving the
drought tolerance of Cucumis melo subsp. agrestis var. conomon genotypes.
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ITS Internal Transcribed Spacer
LRWC Leaf Relative Water Contents
LSD The Least Significant Difference
Ng Nanogram
NJ Neigbour-Joining
PCR Polymerase Chain Reaction
RAPD Random Amplified Polymorphic DNA
SNP Single Nucleotide Polymorphism
SSR Simple Sequence Repeat
μL Microliter
°C Degrees centigrade
% Percentage

1 Introduction

Drought is undoubtedly the most destructive among the abiotic stresses, as it is primarily caused by
insufficient moisture in the growing medium. When drought is combined with high temperature,
transpiration, evapotranspiration, and evaporation, water loss accelerates [1]. Under such conditions,
plants that cannot find sufficient water become vulnerable to all other stresses. As a result, the plant is
unable to fulfill normal functions such as seed germination nitrogen assimilation, and even protein
synthesis. In limited water conditions, the main purpose of the plant will not be to increase or produce
high yield or yield components. The plant will primarily focus on sustaining minimal life processes. With
the disruption of cell elongation and slowed development, reductions in the number of tillers, root width,
length, fresh and dry weights, turgor pressure, and leaf area will be observed [2–4].

The most practical way to supply enough food for the increasing world population is to increase the yield
and quality of agricultural products. However, due to abiotic stress conditions such as salinity and drought, it
has become necessary to implement new policies aimed at developing resistant varieties that can thrive in
arid conditions. In the final declaration of the Intergovernmental Panel on Climate Change (IPCC) in
2013, it was stated that there would be an increase in the average temperature by 1.8 to 4.0 degrees
Celsius by 2100. According to the 2020 determinations, approximately 55 million people are suffering
from drought-related economic difficulties [5]. On the other hand, it is projected that around 700 million
people will be compelled to relocate their settlements by 2030 [6]. Additionally, water resources are
anticipated to be inadequate by 2050 due to the expected global population of 9 billion [4].

Conomon, which is eaten both cooked and raw, is called sugar-free cucumber and is a melon variety. It is
called pickled melon in Japanese and English [7]. Conomon, being capable of cultivation without the need
for water, particularly in arid regions, has garnered close attention from both scientific studies and rural
producers, as mentioned by Swamy [7]. In the Southeast Anatolia region of Turkey, conomon is grown
without the need for irrigation, even under scorching temperatures exceeding 50 degrees Celsius in direct
sunlight. Solving the evolutionary development and cultivation process may guide the understanding of
the genetic diversity of this valuable vegetable and ultimately the development of new varieties [7].

As the moisture in the soil decreases, both plant productivity [8] and the quality of the product are
negatively affected under stress conditions [9,10]. High temperature, salinity, and drought are major
abiotic stresses that both indirectly impact and directly threaten agricultural activities. Despite the
insufficient water resources, the increasing need for food is an enigma that is difficult to solve. Finding
solutions to existing problems by using all technological possibilities is easy but expensive. Developing a
variety that is resistant or tolerant to stress is considered one of the most effective and sustainable
solutions. In situations where there is a shortage of water (moisture) required by the plant in its growing
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environment, the plant responds by reducing chlorophyll content, diminishing flower production, shedding
leaves, and ultimately experiencing a decline in seed yield and overall productivity [9].

Algae are considered environmentally friendly and offer several advantages over chemical fertilizers due
to their multifunctional benefits [11,12]. In terms of sustainable agriculture, the use of algae-based products
instead of chemical fertilizers may help prevent the harm of chemical fertilizers [13,14] to the environment.
The excessive use of chemical fertilizers, combined with climate change and pesticide usage, amplifies the
adverse effects of abiotic stresses on plant productivity and leads to ecosystem degradation [15]. Whereas
algae extracts help to clear existing ROS by increasing the synthesis of antioxidant enzymes [16].

DNA-based molecular markers are widely used in taxonomy, physiology, embryology, genetic
engineering, etc. They are versatile tools used in all fields of life sciences [17]. In recent years, studies on
plant diversity have increasingly utilized molecular techniques to gain insights into the genetic
composition of various species. These techniques include random amplified polymorphic DNA (RAPD),
amplified fragment length polymorphism (AFLP), microsatellites, single nucleotide polymorphisms
(SNPs), and nuclear-organelle genes [18]. In a previous study, Simple Sequence Repeats (SSR) and
internal transcribed spacer regions (ITS1 and ITS2) of the ribosomal RNA genes were used as nuclear
markers for the phylogenetic analysis of Cucumis sp. classification [19,20]. However, subsequent
molecular phylogenetic studies, based on DNA sequences from chloroplast genes (rbcL, matK, rpl20-
rps12, trnL, and trnL-F), nuclear ITS, and plastid trnS-trnG regions, indicated that species from closely
related genera such as Cucumella, Dicaelospermum, Mukia, Myrmecosicyos, and Oreosyce should be
incorporated into the Cucumis genus [21]. Furthermore, an extensive phylogenetic study was conducted
on Cucumis, examining the diversity of both nuclear and chloroplastic DNA [22,23]. Therefore, the
objective of this study was to identify the most drought-tolerant wild melon genotypes by assessing their
development, yield, and molecular parameters under drought-stress conditions. To achieve this, ten
different genotypes of Cucumis melo subsp. agrestis var. conomon (C. melo var. conomon) were
subjected to drought stress and the effects of applying various algae varieties were measured.

2 Material and Method

2.1 Plant Material and Growth Conditions
The study was carried out at Siirt University, Faculty of Agriculture, Department of Horticulture,

between 2017 and 2018. In the study, nine different C. melo var. conomon genotypes and one
commercial C. melo var. conomon variety was used. All ten genotypes were selected specifically from the
ones that can be grown under arid conditions. The origin of the genotypes and the places where they
were collected are given in Table 1. The experiment was established in nested-factorial experimental
design with 3 replications, including algae, control, local genotypes, and commercial cultivars.

Table 1: Cucumis melo subsp. agrestis var. conomon cultivars and genotypes used in the experiment

Genotypes Numbers Native name Origin

ACURASLIPOL-DRG 1 Acur Bozova/Şanlıurfa
ACURFA-DRG-71 2 Acur Birecik/Şanlıurfa
ACURFA-DRG-08 3 Acur Bozova/Şanlıurfa
ACURLEZGİN-DRG 4 Acur Siirt-Merkez

ACURSİİRT-DRG 5 Acur Deçe/Siirt

ACURFA-DRG-88 6 Acur Külünçe/Şanlıurfa
ACURNUSAYBİN-DRG 7 Acur Eskiyol/Mardin

(Continued)
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2.2 Experimental Design Algae Treatments
Blue-green algae (Anabaena vaginicola L.) obtained from the Cag Cag stream in Nusaybin, along with

commercially available algae extract (Mc Crop), were used as the algae extract in the study. The experiment
was conducted in the field under drought conditions, and it followed a nested-factorial experimental design
with three replications. Seeds were sown using traditional methods by direct sowing in the third week of
April. The plants were cultivated with a row spacing of 2 m, and there was a spacing of 60 cm between
plants within each row. The experiment was planned with 15 plants per replication per genotype (GNP).
Before the throat-filling stage, algae were applied in such a way that 10 grams of algae came to the root
zone of the plant.

2.3 Evaluated Traits

2.3.1 Algae Nutrient Content Analysis
The nutrient analysis of the blue-green algae obtained from the Nusaybin Cag Cag stream, which was

used in the experiment, was conducted using an ICP-MS (Inductively Coupled Plasma Mass Spectrometry,
Thermo) apparatus. The standard torch used in the analysis included a 1.5-mm-diameter injector. Analysis
was achieved at Siirt University Science and Technology Application and Research Center.

2.4 Morphological, Physiological and Pomological Evaluations

2.4.1 Leaf Temperature
Leaf temperature measurements were taken on all four sides of the plant during July. The measurements

were conducted at 11:00 am. Three plants of each genotype were selected for the measurements, and an
infrared thermometer was used to obtain the leaf temperature readings.

2.4.2 LRWC (Leaf Relative Water Content)
LRWC was carried out on the 20th day of each month (a total of 3 months). Three biological replicates

were used for each genotype. Firstly, fresh weight was taken, and leaves were kept in distilled water for four
hours. Then, turgor weights were determined (Fig. 1). To determine the dry weight of the leaf samples, the
leaves were weighed after drying at 85°C for 24 h. Fresh and dry leaf weights were determined as % with the
following formula LRWC = (Fresh Weight-Dry Weight)/(Turgor Weight-Dry Weight) × 100 according to
Ackley [24] and Smart et al. [25].

2.4.3 Plant Height
Plant height was measured in three plants in each plot, and the main stem lengths were measured three

times at 1-month intervals after planting [26] (Fig. 2).

2.4.4 The Number of Nodes
The number of nodes that emerged on the main stem, beginning from the cotyledon leaves, was counted

and documented as the number of nodes per plant in the plants where plant height measurements were
obtained [26].

Table 1 (continued)

Genotypes Numbers Native name Origin

COMMERCIAL (Badem dolmalık antep) 8 Acur Commercial

ACURFA-DRG-56 9 Acur Halfeti/Şanlıurfa
ACURFA-DRG-01 10 Acur Osmanbey/Ş.Urfa
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2.4.5 Main Stem Diameter
The main stem diameters were measured with the help of a caliper just above the root collar in plants

where height was measured [26].

2.4.6 Fruit Length
Fruit size was determined manually using a ruler, and three fruits from each plot were included in the

measurement for each genotype [26] (Fig. 3).

2.4.7 Fruit Diameter Yield
Fruit diameter measurements were conducted using a ruler, with three fruits per plot assessed for each

genotype [26]. Fruit diameter was measured from the widest point of the fruit’s width (Fig. 3).

2.4.8 Yield
Fruits that reached the optimum stage of harvest maturity were collected. Due to the rapid growth of

melons, daily harvests were performed. The total yield was calculated by dividing the total amount of
harvested fruits by the plot area [26].

Figure 1: Determination of leaf relative water content (LRWC)

Figure 2: Plant height measurements
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2.5 Molecular Evaluations

2.5.1 DNA Extraction
Genomic DNA isolation from the plants was done following Karaca et al. [27] using the CTAB method.

The quality and quantity of the isolated DNAs were measured with the Thermo nanodrop device.

2.5.2 PCR (Polymerase Change Reaction) Process
To determine the kinship relationships among melon genotypes, the trnL-F gene region was amplified

by PCR. Following Primer sequences were used trnL-c 5’ CGAAATCGGTAGACGCTACG 3’, trnF-f 5’
ATTTGAACTGGTGACACGAG 3’ [28]. The total reaction volume for PCR was prepared as 50 µl. For
this purpose, 6 μL of 25 mM MgCl2, 1 μL of 10 mM dNTP, 2 μL of each 50 pmol primer, 0.7 μL of Taq
DNA Polymerase, 5 μL of Taq buffer, 2 μL of BSA, and 3 µL (120 ng) template DNA were used and the
total volume of PCR was adjusted to 50 µL by taking ddH2O. In addition, negative controls were used to
check for contamination. The PCR cycling parameters were as follows: an initial denaturation step at
95°C for 15 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 51°C for 1 min,
and extension at 72°C for 2 min. Finally, the reaction was incubated at 72°C for 10 min.

2.5.3 Agarose Gel Electrophoresis
1.5% agarose gel was prepared for gel electrophoresis to visualize the PCR bands. To prepare the gel,

0.6 grams of agarose gel was measured and dissolved in 40 ml of 1X TBE buffer by boiling it in a microwave
oven. The mixture was cooled to 50°C and 3 µL of ethidium bromide dye (10 mg/mL in H2O) was added.
Samples and DNA ladder (100 bp, Thermo Fisher UK, Cat # SM0241) were run at 90 volts for 30 min. Then,
the gel was observed under UV light with the help of a computer program, and its photograph was taken and
recorded.

2.5.4 Sequence Analysis and Kinship
PCR products were sent to a commercial company (MEDSANTEK) to obtain the DNA sequences of

trnL-F amplified regions. BioEdit sequencer software was used to process and trim the sequences.
Consensus sequences were created by processing DNA sequences in this software. Then, these sequences

Figure 3: Fruit size measurements
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were copied to text format and converted to Fasta format, ready for sequence alignment. ClustalW software
[29] was used to align the sequences. The MEGAX [30] software was used to construct the Neigbour-Joining
(NJ) tree with a 500 bootstrap value for learning the kinship relationships of the cultivars whose sequences
were aligned.

2.5.5 Statistical Analysis
The analysis of the data was done using the SAS 9.1 statistical software [31] according to the nested-

factorial experimental design [32]. In this experiment, the algae treatment was nested within the levels of
time, while genotype and algae were arranged in a factorial design. Thus, this design had both nested and
factorial factors. The linear model for this design was

yijk ¼ lþ ai þ bj þ ck jð Þ þ ðabÞij þ acð Þik jð Þ þ e ijkð Þl

where ai is the effect of the i
th genotype (i ¼ 1; 10), bj is the effect of the j

th time (; j ¼ 1; 2), ck jð Þ is the effect
of the kth algae within the jth level of time (k ¼ 1; 2; 3), abð Þij is the genotype × time interaction, acð Þik jð Þ is
the genotype × algae within time interaction, and e ijkð Þl is the usual error term ðl ¼ 1; 2; 3).

The least significant difference (LSD) multiple comparison test was used for comparing the treatment
means. Table of analysis of variance was given as supplementary in Table S1.

3 Results & Discussion

The LRWC value is naturally high in the seedling stages in plants under arid growth conditions. In
addition to the LRWC (Leaf Relative Water Content) values of tolerant or resistant plants, the LRWC
values of other plants generally exhibit a tendency to decrease over time. It was determined that the
LRWC value in the first month was higher than the LRWC value in the second month. LRWC values of
commercial algae were found to be high. Such a result is expected since commercial algae are quickly
dissolved in the soil which affects plant growth. The interaction between the GNP10 genotype and
commercial algae treatment resulted in the highest level of genotype interaction. It is normal to have high
LRWC values in the early measurements, and the second LRWC measurements provide separation of
tolerant genotypes. The second LRWC value of GNP5 was higher than other genotypes. The initial and
subsequent LRWC measurements of tolerant genotypes are not inferior to the previously identified
genotypes that exhibited relatively higher LRWC values. Multiple interactions (genotype × algae × time)
are explained in more detail and integration (Fig. 4). When the results were examined, it was determined
that the result obtained from multiple interactions was closer to the expected and more transferrable to
practice. The same graph also reveals that an excessive number of groups were formed, indicating a high
level of variability or complexity in the data. It was determined that the highest LRWC value was
obtained from GNP10 × commercial algae × plant group (93.07%) in the first measurement interactions,
and the lowest LRWC value (31.0%) was obtained in GNP4 × Cag Cag stream algae × first-month
LRWC measurement value. It was concluded that the absorption of Cag Cag stream algae in the soil
takes a long time (Fig. 4). The analysis results are presented in Table 2.

The highest yield (4.87 kg) was obtained from GNP7 among the genotypes in the study. The yield value
of GNP6 (4.6 kg) was in the same statistical group as the yield value of GNP7. GNP3 with a yield value of
1.17 kg per decare and GNP8 with a yield value of 1.88 kg were the genotypes with the lowest yield value.
The highest yield per decare was obtained in GNP7 with 1352.8 kg. The lowest yield was obtained in
GNP3 as 325 kg per decare. The yield value of the commercial variety, GNP8, was determined as
894.4 kg per decare. When examining the effects of algae on yield values, it was observed that the
highest yield (3.91 kg) was obtained from the plots where commercial algae was applied. On the other
hand, the lowest yield (2.65 kg) was obtained from the control plots without any algae application. The
algae applications were statistically categorized into different groups based on their effects on yield. The
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variety × algae interaction effect on yield values highlights the influence of algae applications and makes
their effects more apparent. The highest yield value (5.87 kg) was obtained from GNP2 and the
commercial algae group. Yield values of plants in commercial algae interaction of genotypes 6 and 7
(5.50 and 5.37 kg, respectively) were found to be close to the yield values of GNP2. The lowest yield
value (0.93 kg) was recorded in the plants of GNP3 in the control plots (Fig. 5).

One of the determining physiological characteristics of drought tolerance is leaf temperature. Leaf
temperature increases in drought-affected plants. The highest leaf temperature value measured in
cultivars/genotypes was in GNP8 (33.38°C), on the other hand, the lowest leaf temperature value was
recorded in GNP9 as 29.16°C. The highest leaf temperature value (33.58°C) was measured in the control
group and the lowest leaf temperature value (28.37°C) was measured in the commercial algae group. It is
plausible to assume that algae applications improve plant root development and improve water retention
capacity in the soil [13,33]. According to the genotype × application interaction, the highest leaf

Figure 4: Effect of genotype × algae × time interaction on leaf relative water content (LRWC). Each
histogram is the mean of n = 3. Histograms were compared using the least significant difference (LSD)
test. Histograms that do not share the same lowercase letter are considered statistically significant at
p < 0.001. (A and B) time points for the LRWC measurements, 1–10: Cucumis melo subsp. agrestis var.
conomon genotypes are given in Table 1

Table 2: Nutrient content of algae

Nutrient ppm Nutrient ppm Nutrient ppm

Li 7 Cr 55 Sr 150

B 53 Mn 388 Mo 1

Na 424 Fe 11,062 Ag 0, 6

Mg 9,043 Co 10 Cd 0, 3

Al 10,300 Ni 52 Sb 0, 8

P 3,067 Cu 17 Ba 58

K 18,110 Zn 53 Pb 7

Ca 83,136 As 2 Bi 0, 9
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temperature value (36.7°C) was recorded in the GNP7 × control group, and the lowest leaf temperature value
(25°C) was recorded in the plants in the GNP1 × commercial algae interaction group (Fig. 6).

When examining the interactions of commercial algae with genotypes, it was observed that commercial
algae had a positive effect on the morphological properties of C. melo var. conomon. Cag Cag algae was the
second group, and the interaction group formed with all genotypes by the control group, except for the
number of nodes, which was in the last place. Commercial algae had the highest values for fruit length
(15.2 cm), fruit width (7.97 cm), and plant height (157.67) ensuring the formation of the interaction
group that gave the highest values. The highest number of nodes (20.5 pcs.) was recorded in the plants in
the interaction group formed by the control group with GNP8 (Table 3).

Algae accelerate the growth and development of melons, tomato, cucumbers, strawberries, peppers,
carrots, and onions [34–42]. In our study, commercial algae increased all morphological traits of plants
except the number of nodes. Researchers stated that algae increases the defense mechanism of plants
against stress and their development [15,38,40,43–47].

Figure 5: Impact of algae on yield of Cucumis melo subsp. agrestis var. conomon. Each histogram is the
mean of n = 3. Histograms were compared using the LSD test. Histograms that do not share the same
lowercase letter are statistically significant at p < 0.001

Figure 6: Effect of algae application on leaf temperature. Each histogram is the mean of n = 3. Histograms
were compared using the LSD test. Histograms that do not share the same lowercase letter are statistically
significant at p < 0.001
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Table 3: Affect of algae onC. melo var. conomon genotypes’morphological traits. Each value is the mean of
n = 3. Values followed by different lowercase letters in the same column are statistically significant at
*p < 0.05, **p < 0.001

Genotypes Algae Fruit length
(cm)

Fruit width
(cm)

Node
numbers

Main stem diameter
(cm)

Plant length
(cm)

1 Commercial 15,20 a** 2,93 g-j 10 ij 1,80 b-d 101,00 gh

Cag cag 13,00 b-e 2,70 i-l 11,5 f-i 1,40 e-h 88,67 i

Control 9,63 h-k 2,30 mn 13,5 c-e 1,35 f-h 87,00 ij

2 Commercial 13,93 a-c 3,23 ef 14,5 bc 2,05 ab 119,67 de

Cag cag 12,33 c-g 2,80 h-k 12,5 d-g 1,45 d-h 71,00 lm

Control 10,10 h-j 2,63 kl 14 b-d 1,60 c-f 87,67 ij

3 Commercial 12,43 c-g 3,10 fg 7 k 1,85 a-c 95,67 hi

Cag cag 11,70 d-h 2,30 mn 6,5 k 1,80 b-d 73,67 lm

Control 11,03 e-h 2,07 n 10 ij 1,15 h 68,67 mn

4 Commercial 12,83 b-f 3,20 e-g 12,5 d-g 1,45 d-h 157,67 a*

Cag cag 11,43 d-h 2,93 g-j 15,5 b 1,70 b-f 106,00 fg

Control 10,27 hg 2,33 mn 12 e-h 1,35 f-h 98,67 gh

5 Commercial 8,03 j-m 3,47 e 10,5 h-j 1,90 a-c 129,00 c

Cag cag 7,77 k-m 3,23 ef 11,5 f-i 2,05 ab 100,67 gh

Control 6,13 m 2,67 j-l 11,5 f-i 1,45 d-h 111,67 ef

6 Commercial 14,93 ab 3,17 fg 11 g-j 1,40 e-h 125,67 cd

Cag cag 8,50 i-l 2,80 h-k 10,5 h-j 1,45 d-h 82,67 jk

Control 10,80 f-h 2,50 lm 10,5 h-j 1,55 c-g 57,00 o

7 Commercial 8,03 j-m 5,20 c 12,5 d-g 1,20 gh 129,00 c

Cag cag 7,57 k-m 5,00 c 12,5 d-g 1,40 e-h 132,67 bc

Control 7,33 lm 4,60 d 14,5 bc 1,35 f-h 118,67 de

8 Commercial 7,77 k-m 7,97 a* 10 ij 2,20 a** 138,00 b

Cag cag 7,20 lm 6,03 b 13 c-f 2,00 ab 105,67 fg

Control 6,27 m 4,43 d 20,5 a 1,40 e-h 99,67 gh

9 Commercial 13,23 a-d 3,17 fg 12,5 d-g 1,80 b-d 92,67 hi

Cag cag 12,37 c-g 3,03 f-h 9,5 j 1,35 f-h 112,67 ef

Control 11,00 e-h 2,30 mn 11 g-j 1,15 h 52,67 o

10 Commercial 13,27 a-d 2,93 g-j 11,5 f-i 1,20 gh 78,00 kl

Cag cag 12,53 c-f 2,97 f-ı 7,5 k 1,75 b-d 72,67 lm

Control 11,53 d-h 2,23 mn 14 b-d 1,10 h 61,00 no

p value *<0.05 **<0.001 **<0.001 *<0.05 **<0.001
Note: The p values at the bottom of the table come from the analysis of variance (ANOVA).
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In our study, the main stem diameter, plant height, and LRWC were increased with algae applications.
The application of algae to melon plants grown under abiotic stressed conditions resulted in increased shoot
length, fresh and dry weight, leaf area, and leaf number compared to the control group [46]. In the study that
utilized algae extracts, it was reported that the application of these extracts resulted in early flowering and
fruit formation in tomato plants. Additionally, the fruit weight of the tomatoes was also observed to be
affected positively by the algae extracts [35]. It was determined that tomato fruit size (width and length)
was higher in algae-treated plots [35,42]. In a previous report, Algae extracts resulted in higher shoot/root
lengths in rice compared to the control [44]. According to Patel et al. [48], the shoot lengths, root lengths,
and biomass amounts of three durum wheat cultivars increased with algae application. Similarly, in the
research conducted by Al-Ghamdi et al. [49] on asparagus, algae application led to an increase in shoot
lengths, root lengths, and biomass amounts. In another study, algae increased the fresh and dry weights
and shoot lengths of wheat under salt-stressed conditions [50]. Dookie et al. [51] applied the water algae
to the tomato and observed an increased number of flower buds, the number of flowers, and the number
of fruits. It was also determined that the algae applied to the onion increased the onion head weight, head
dry weight, and head and root collar diameters [39]. Additionally, Elsharkawy et al. [52] determined that
plant height, number of leaves, and leaf dry weight of artichoke plants increased with seaweed
application. Hassan et al. [47] reported that there was a significant improvement in the fruits of cucumber
with the application of algae. In a separate study, it was observed that larger and a greater number of pea
and melon fruits were obtained in the plots where seaweed extracts were applied. The application of
seaweed extracts positively influenced the size and yield of both pea and melon fruits [41,53].

According to previous reports, which are consistent with our findings, the yield and yield components of
pepper and cucumber increased, as did the yield of tomato, with algae application [14,47]. Abbas et al. [39]
applied seaweed to the onion and Elsharkawy et al. [52] applied seaweed to artichoke, both studies reported
increased yields in seaweed applications.

According to Gitau et al. [35], it was determined that the leaf temperature in tomato plants treated with
algae was within the normal range. The leaf temperature was found to vary based on leaf thickness. Similarly,
lower leaf temperature values were determined in the commercial and Cag Cag stream algae-treated plots in
our study, compared to the plants in the non-algae-treated plots.

Algae also had a positive effect on post-harvest quality. Products obtained from algae-treated plants had
a long shelf life and high chemical properties [42,47]. Additionally, Elsharkawy et al. [52] determined that
some chemical components of artichoke also increased with algae application. The uptake of a larger amount
of nutrients in the algae-applied section of the tomato plant demonstrates that algae play a role in enhancing
the development of plant roots [38]. Plants with enhanced root morphology can accumulate non-structural
carbohydrates, which leads to increased energy storage, improved metabolism, and enhanced water
adaptations. This enables them to develop resistance against abiotic stresses and utilize available nutrients
from the soil more efficiently, resulting in higher overall performance. It also affects the defense
mechanism against all kinds of pathogens [40,54]. It has been reported that the uptake rate of algae
extracts by plants is higher than chemical fertilizers [55]. Algae also provide efficient use of soil water
uptake due to its effect on root development [38]. It was determined that C. melo conomon plants grown
in arid conditions exhibited increased resistance, which can be attributed to the application of algae.
Because algae-based agricultural solutions have great potential against abiotic stresses and improve
overall agricultural sustainability, the algae mechanism is more resistant to stresses [56,57]. According to
Lakshmi et al. [58], the use of algae-based biofertilizers and bio-stimulants offers several benefits,
including increased plant growth, productivity, and tolerance to various abiotic stresses. Because algae
(Chlorella TLD6B) grow rapidly and increase adaptability under abiotic stress (extreme desert
environment) conditions [23]. According to previous reports, algae affect the internal responses of plants,
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and there are strong relationships between proline and algae, which promotes the biochemical and enzymatic
responses of plants with positive effects against abiotic stress conditions [59].

Trees formed by using NJ methods of the trnL-f region gave significant results in revealing the genetic
relationship of C. melo var. conomon genetic resources collected from different regions. When the tree results
were evaluated, 10 C. melo var. conomon cultivars and 3 different kinship groups were formed. The first
group consisted of Nevzet Tic, Nevzet Yerli, Acurfa71 DRG, the second group, ACURASLIPOL-DRG,
Acurfa56 DRG, Lezgin Siirt in the last 3rd group, Acurfa01 DRG, Acurfa08 DRG, Acurfa88 DRG, and
Acur Dese Village genotypes. When the results were examined, it was seen that the commercial and
domestic varieties were not very different from each other in terms of kinship. It is estimated that the two
different varieties (local and commercial) are genetically very similar. Because the genetic similarity was
very high, the marker gene used did not separate them into commercially and locally distinct clusters
(Fig. 7). Several studies conducted on the non-coding regions of chloroplasts have indicated increased
variation and frequent mutations specifically within the Ophioglossaceae family [60]. A molecular-based
investigation utilizing optimized DNA isolation and amplification of the trnL-F and trnl-R intergenic
spacer was carried out in cucumber Mercy F1 hybrids and Mercy-Mutant populations. The resulting
DNA bands were observed to be pure, with minimal contaminants, making them suitable for subsequent
procedures [61]. Among species of seed plants, the tRNALeu intron and trnL-F spacer contain multiple
variable and informative sites. Consequently, these sequences have gained recognition as effective
markers for phylogenetic analysis, both among species and within closely related species [62].

4 Conclusions

It was determined that the algal content might be used to nourish plants. Lower leaf temperature is
induced by algae. It was found that algal applications with interaction groups based on genotypes had a
positive effect on LRWC, plant height, and main stem diameter values. The application of algae had the
best results in terms of fruit length, fruit diameter, and yield parameters. However, it has been found that
compared to other applications, algal applications have a smaller effect on the number of nodes. In terms

Figure 7: The tree of the trnL-f region resulting from the neighbor-joining analysis (The numbers in the
nodes of the phylogenetic tree show the bootstrap values)
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of kinship, the commercial and domestic varieties of C. melo var. conomon were not very dissimilar from
each other.
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Supplementary Materials

Table S1: Table of analysis of variance

Analysis of Variance

Source DF Sum of Squares Mean Square F Ratio

Model 71 31900,099 449,297 27,8280

Error 108 1743,714 16,146 Prob > F

C. Total 179 33643,813 <.0001

Effect Tests

Source Nparm DF Sum of Squares F Ratio Prob > F

Time 1 1 6485,521 401,6922 <.0001

Algae(Time) 4 4 3280,880 50,8018 <.0001

Genotype 9 9 1086,389 7,4764 <.0001

Genotype*Time 9 9 10528,853 72,4581 <.0001

Genotype*Algae(Time) 36 36 10411,121 17,9120 <.0001
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