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Abstract: The research was carried out during the agricultural season of 2024 in a private farm in Deir Ezzor
Governorate on watermelon (Citrullus lanatus, L.) hybrid (Embla F1) plants. The aim of this study was to study the
effect of foliar spraying with the seaweed extract Biozyme TF using four concentrations 0, 2.5, 5, and 7.5 ml L' and
three sprays, the first at the appearance of the second true leaf, the second at the beginning of fruit set, and the third two
weeks before maturity, and the pruning methods (Method A: Pruning plants to three stems, keeping one fruit on each
stem, Method B: Pruning plants to four stems, keeping one fruit on each stem, Method C: Pruning plants to five stems,
keeping one fruit on each stem, Control D: No pruning) on the growth and productivity characteristics of watermelon
plants, using a Randomized Complete Block Design (RCBD) with 3 replicates per treatment. The results showed that the
unpruned control treatment significantly outperformed the other pruning treatments in the number of leaves formed on
the plant, while the three-branch pruning treatment significantly outperformed the control treatment and the other
pruning treatments in terms of leaf surface area, leaf chlorophyll content, and fruit weight. Fruit weight increased
significantly when pruning on three branches, while productivity was superior in the pruning treatment on four branches.
As for foliar spraying, the 7.5 ml L' treatment outperformed the rest of the spraying treatments and the control
significantly in: number of leaves, leaf surface area, while the 5 ml L' foliar spray treatment outperformed them
significantly in the two traits of fruit weight and productivity.
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1 Introduction

Watermelon (Citrullus lanatus L.) belongs to the
Cucurbitaceae family. It is an annual, creeping
herbaceous plant that produces most of its fruit from
seeds and grows best in warm climates (Gupta et al.,
2023). Watermelon originated in ancient agriculture
and was domesticated in Africa, a later spread to
southern Europe (the Mediterranean region), the

Middle East, the Americas, and India (Pérez et al.,
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2015). Watermelon is considered one of the best
foods for blood vessels and heart in America. Its fruit
contains very few calories and can be eaten in large
quantities to feel full without fear of gaining weight.
In addition, it contains alpha-carotene (Lewinsohn et
al., 2005). It is highly sought after for its sweet taste,
rich watery flavor, bright flesh color, crumbly texture,
and good nutritional value. The presence of the amino

acid citrulline, potassium, water, vitamin C, vitamin
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A (carotenes), and vitamin K in watermelon has
proven its effectiveness as an alternative medicine for
patients with hypertension (Trizayuni et al., 2022).
Watermelon quality is determined by the type and
method of fertilizer application, as watermelon plants
are affected by and respond to fertilization (Kuwar et
al., 2014). Nutrients play an important role in
watermelon growth and productivity, as they
participate in or assist metabolic processes and are
among the driving forces behind all vital activities
performed by the plant. Their deficiency causes
physiological dysfunction resulting from nutritional
imbalance. Fertilization is critical for watermelon
quality. Several studies have found that a deficiency
or imbalance in plant nutrients leads to deterioration
in watermelon quality (Lopez-Zaplana et al., 2020).
Syria's watermelon production in 2022 amounted to
about 348,711 tons ha'!. Serving the crop requires the
introduction of modern technologies to increase
productivity and move away from the traditional
methods followed by the farmer, thus obtaining a
good economic return and a good quality product. As
a result of the increasing demand for the crop, many
experiments were conducted to improve the crop in
quantity and quality. Research has shown that the
yield of the watermelon crop can be improved
through some agricultural service operations,
including pruning (Oga and Umekwe, 2016).
Watermelon is a multi-branching plant, producing
numerous stems that can reach 4 meters in length.
Therefore, pruning has been considered an alternative
that reduces energy expenditure on stems, leaves, and
fruits. Instead, this energy can be invested in other
parts of the plant (Mufioz-Rengifo et al., 2018).
Pruning is the process of cutting off living or dead
parts of plants to achieve vegetative, fruitful and root
balance, thus removing unproductive parts to transfer
energy to parts capable of bearing fruit (Thakur et al.,
2018), in addition to affecting the quantitative and
qualitative characteristics of fruits. It also plays a role

in changing the hormonal balance and the C/N ratio.

Sultana et al. (2016) studied the effect of pruning on
the growth and productivity of tomato plants and
found a significant increase in the total number of
flowers and fruit weight in plants pruned on three
branches compared to both the unpruned control and
plants pruned on two stems. Olasantan and Salan
(2008) found an increase in the number of pods,
productivity, and early maturity in pruned okra plants
compared to the unpruned control. Like other
cucurbits, watermelon is also a crop whose vines
produce female flowers approximately every five
male flowers (Dube et al., 2020). The number of
vines per plant is an important criterion determining
the performance of cucurbit crops, including
watermelon (Gomes et al., 2019). On the other hand,
the number of fruits per plant is an important criterion
determining fruit size, mass, and yield (Lins et al.,
2013). Therefore, paying attention to these aspects in
cucurbit management is crucial. In cucurbits, the
number of vines per plant and the number of fruits
per plant can be regulated through various methods,
including vine and fruit pruning (Campos et al., 2019).
Watermelon fruits are formed on third-order lateral
branches and beyond. Therefore, plants are pruned
above the third leaf during the young plant stage,
after which about three independent branches are
formed. These are then pruned to produce third-order
branches, which bear female flowers.

Third-order branches are pruned again to
stimulate the formation of fourth-order branches,
which inevitably produce female flowers, and so on.
Tworkoski et al. (2006) demonstrated increased levels
of auxins, cytokinins, and gibberellins in pruned
branches. Foliar feeding is a suitable and necessary
system for plants to meet their requirements for
essential nutrients through the leaves, because their
transport through the roots requires a long time
compared to spraying on the leaves, and it has a direct
impact on many physiological processes affecting
growth and yield (Stojanova et al., 2022). In recent

years, the use of seaweed as biostimulant has
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increased, as they contain phytohormones,
polysaccharides, minerals, proteins, fatty acids, and
polyphenols that enhance plant performance even
under stress conditions (Subramaniyan et al., 2023).
The use of seaweed and algae extracts has become
one of the modern techniques that have become
widespread as plant growth stimulants. Researchers
and specialists have obtained positive results due to
the nutrients, hormones, amino acids and vitamins
they contain. They lead to increased plant strength
and increased absorption of nutrients.

They also strengthen the immune system in the
plant, which increases its resistance to diseases and
thus reflects on increased productivity and improved
quality. They are usually used as sprays on the
vegetative group as foliar fertilizers (Battacharyya et
al., 2015). Seaweed extracts are among the important
organic sources used in agricultural production and
are a complement to fertilizers, not a substitute for
them (Begum et al., 2018). Amujoyegbe et al. (2010),
and Abd El-Kader et al. (2010) indicated that the
extracts contain magnesium and iron, which are
components of the chlorophyll molecule, which helps
in increasing the photosynthesis process. This

increase results in good vegetative growth, which is

reflected in increasing the components of productivity.

The results of the study by Al-Akayshi and Al-
Sahaf (2017) also showed that spraying okra plants
with algae extract (alpha takamine) at a concentration
of 1, 2, and 3 ml L' gave the highest vegetative and
productive characteristics compared to the control
treatment. The results of Al-Maliki (2013) showed
the superiority of the treatments of adding the marine
extract Biozyme TF in all the studied traits on the
cabbage plant, and the most effective was the three-
time addition, as it caused a significant increase in the
plant height, the number of curled leaves, the wet and
dry weight of the root system, the width and area of
the outer leaf, the total weight of the plant, the weight
and diameter of the curled head, and the total
production compared to the control treatment. Abdel-

Mawgoud et al. (2010) found that spraying

watermelon plants with seaweed extract increased the
response of various growth parameters and yield
responses, while the differences between hybrids
remained the same. In a study conducted by Wahab
(2020) on two varieties of Hungarian Wax-California
Wonder pepper to determine the effect of the levels of
the sea extract Seamino on growth and yield, the
results showed that the California Wonder variety
was significantly superior in the studied vegetative
growth traits (plant height, number of leaves, number
of branches, and leaf area). The California Wonder
variety also showed the highest results in yield traits.
Studies and research on watermelon pruning are
still very few despite its importance to the plant and
the breeder, as pruning helps to obtain a product that
matches the specifications of the cultivated variety, is
early in production, and of excellent quality. In
addition, awareness of the dangers of chemical
fertilizers has increased and the trend towards
reducing their use as much as possible to obtain a safe
product by using marine extracts, whose components
are relied upon as natural materials in agriculture as
an alternative to chemical materials. Also, due to the
lack of experience of the farmer in choosing what is
appropriate for better production and good quality,
the research came to achieve the following objectives:
(1) Study the effect of foliar spraying with
seaweed extract on the growth and productivity of
watermelon and determine the optimal concentration.
(2) Study the effect of pruning on the growth and
productivity of watermelon.
(3) To determine the effect of the interaction
between spraying seaweed extract and pruning on the

growth and productivity of watermelon.
2 Materials and methods

2.1 Research materials
2.1.1 Place where the research was carried out

The research was conducted on a private farm in
Deir Ezzor Governorate, Syria, during the 2024
season. The site soil is alkaline pH=7.89, EC=2.9 dS
m!, organic matter 0.65%, nitrogen 4.17 ppm,

phosphorus 6.3 ppm, potassium 221 ppm, and
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mechanical analysis of the soil: 28.66% sand, 32.4%
silt, 38.94% clay.
2.1.2 Plant material

The Impala F1 watermelon variety was used in
the research.
2.1.3 Experiment treatments

Factor 1: Pruning: (A): Prune plants to three
stems, leaving one fruit on each stem (three fruits per
plant). (B): Prune plants to four stems, leaving one
fruit on each stem (four fruits per plant). (C): Prune

plants to five stems, leaving one fruit on each stem

(five fruits per plant). (D): No pruning (control).

The second factor: contains three treatments of
foliar spraying with seaweed extract 2.5, 5, and 7.5
ml L' in addition to the control treatment of distilled
water extract 0 ml L! at a rate of three sprays: the
first when the second true leaf appears, the second at
the beginning of fruit set, and the third two weeks
before fruit ripening.

Seaweed Extract (Biozyme TF): Use Biozyme TF

seaweed extract.

Table 1 Components of seaweed extract

The material

value

% plant hormones
Auxin
GA Gibberellin 3
Zentins cytokinin
Mineral elements% (magnesium-sulfur-iron-boron-manganese-zinc)
Other substances (vitamins, free amino acids, etc)

78.87 %
32.2 ppm
32.2 ppm
83.2 ppm
1.86 %
19.20 %

2.2 Working methods
2.2.1 Preparing the land for agriculture

The experimental land was planned in the form of
terraces with a width of 300 c¢cm, with each terrace
containing five plants. Then the seeds were planted in
holes at a rate of 3-5 seeds per hole with a distance
between each plant of 250 cm according to the
experimental treatments. The seeds were soaked in
warm water at 30°C for 24 hours before planting.
Planting took place on 3/29/2024, and one plant was
left in the hole after germination, which was the
strongest plant (separation process). The irrigation
process was carried out immediately after planting.
Agricultural service operations were carried out on all
treatments as followed in watermelon cultivation.
2.2.2 Fertilizers added

Phosphate and potassium fertilizers were added
before planting, 11 kg P dunum! (triple
superphosphate fertilizer 46%), 6 kg K dunum’!
(potassium sulfate 50%), while nitrogen fertilizers, 10
kg N dunum'! (urea 46%), were added in batches after
planting, in accordance with the soil content of
mineral elements according to the chemical analysis

of the soil at the research site.

3 Data recorded

Number of leaves (leaf per plant): Leaves were
counted per plant in the field by averaging the
number of leaves in five plants per treatment.

Leaf surface area (cm?): The leaf surface area was
calculated using an Area Meter by taking leaves from
the bottom, middle and top of the branch during the
flowering stage.

Chlorophyll content of leaves: The chlorophyll
content of leaves was measured with a Chlorophyll
Meter Spad- 502 Plus.

Fruit weight (kg).

Productivity (tons ha™').

4 Experiment design and statistical analysis

The experimental design used factorial
experiments according to a randomized complete
block design (RCBD) with three replicates and an
average of five plants per replicate. Each
experimental plot included pruning methods (factor 1)
and spraying rates with the seaweed extract Biozyme
TF (factor 2). Therefore, the experiment required 48
experimental plots, and a total number of 240 plants.
The results were statistically analyzed using the
ANOVA method by calculating the least significant
difference (LSD) value at the 5% level for the field

results using the GenStat 12 statistical program.
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5 Results and discussion

5.1 Number of leaves (leaf per plant)

It is noted from Table 2 that the control treatment
(not pruned) recorded a significant superiority in the
number of leaves compared to the other pruning
treatments, as the number of leaves reached 223.25
leaf per plant, followed by the pruning treatment on
five branches (213.25 leaf per plant), followed by the
pruning treatment on four branches (203.5 leaf per
plant), while it was less valuable in the pruning
treatment on three branches (194 leaf per plant). The
increase in the number of leaves in the un-pruned
plants is due to the fact that they contain a larger
number of branches compared to the pruned plants
(Mardhiana et al., 2017).

Regarding the spray treatments with seaweed
extract, plants treated with a concentration of 7.5 ml
L' significantly outperformed the rest of the spray
treatments, and the average number of leaves was

(226.25 leaf per plant), while the number of leaves

decreased significantly in the control (185.25 leaf per
plant). The significant superiority of using seaweed
extract may be attributed to its hormonal nature,
which led to an increase in the concentration of these
hormones within the plant, which was positively
reflected in the increase in vegetative growth, as these
hormones interact with each other in their
physiological work, causing an increase in cell
division in the plant, and thus an increase in the
number of leaves (Kadhim and Athfua, 2023).

As for the combined effect of the spraying and
pruning treatments, the unpruned control with
spraying at a concentration of 7.5 ml L achieved the
highest number of leaves (237 leaf per plant), and
there were no significant differences between it and
the pruning treatment on five branches when spraying
at the same concentration, while the combined effect
of the pruning method on three branches with the
control (not sprayed with the extract) achieved the

lowest value in the number of leaves.

Table 2 Effect of pruning method and foliar spraying with seaweed extract (Biozyme TF) on the number of leaves of

watermelon plants (leaf per plant)

Seaweed extract concentration ml™!

Pruning method

Average pruning

0 2.5 5 7.5 treatments
A 170 186 208 212 194d
B 176 198 219 221 203.5¢
C 185 209 224 235 213.25b
D 210 217 229 237 223.25a
Average foliar spray
d 185.25 c205.5 b 220 a226.25 208.15
treatments
LSD5% For pruning 3.10
LSD5% For foliar ’
. 3.95
sprayin
praymng 374

LSD5% for reaction

5.2 Surface area of leaf (cm?)

Table 3 shows a significant increase in leaf
surface area in the pruning treatments. The three-
branch pruning treatment significantly outperformed
the remaining pruning treatments and the control (not
pruned) (2749.5 cm?), followed by the four-branch
pruning treatment (2622 cm?), which significantly
outperformed the five-branch pruning treatment,
which in turn outperformed the control (2490 cm?).
The increase in leaf surface area is due to the plants’
response to pruning as a result of the change in the
relationship between the remaining parts after

pruning and the variation in auxin production. The

ability of their leaves to carry out photosynthesis
increases rapidly, and their root system and internal
vascular tissues develop to connect leaf tissues with
the roots, so that they can supply these organs with
water and nutrients (Shivaraj et al., 2018).

Regarding foliar spray treatments, the leaf surface
area increased with increasing spray concentration,
and the concentration of 7.5 ml L' achieved a
significant superiority over the remaining spray
treatments and the control treatment (2883.25 cm?).
The reason for the increase in leaf area is that the
seaweed extract contains auxin and cytokinin, which

play an effective role in cell division and enlargement.
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This leads to increased bud growth and leaf area
(Sarhan et al., 2011).
Table 3 also shows that the combined effect of the

three-branch pruning method and foliar spraying at a

concentration of 5 ml L' achieved the highest leaf
surface area (3145 c¢cm?), while the leaf surface area
decreased significantly in the unpruned and

unsprayed control (2110 cm?).

Table 3 Effect of pruning method and foliar spraying with seaweed extract (Biozyme TF) on leaf surface area (cm?) of

watermelon plants

Seaweed extract concentration ml™!

Pruning method

Average pruning

0 2.5 5 7.5 treatments
A 2232 2588 3145 3033 2749.5a
B 2195 2537 2831 2925 2622b
C 2139 2479 2721 2770 2527.25¢
D 2110 2396 2649 2805 2490d
Average foliar spra;
verage foliar spray 2169d 2500¢ 2836.5b 2883.25a 2597.18
treatments
LSD5% For pruning
) 1526
LSD5% For foliar
. 14.11
sprayin
prayime - 15.11
LSD5% for reaction

5.3 Chlorophyll content of leaves

The results in Table 4 show that the three-branch
pruning treatment outperformed the other pruning
treatments and the unpruned control in leaf
chlorophyll content (81.82 Spad). Pruning has an
effect on increasing the vigor of vegetative growth
and leaf growth as a result of vigorous branch growth,
which increases the chlorophyll content and increases
the production of nutrients. This is because the
pruned plants receive sufficient light. (Singh and
Kaur, 2018).

As for the spray treatments, the concentration of
7.5 ml L' achieved the highest value in leaf
chlorophyll content (79.23 Spad) compared to the rest
of the spray treatments and the control not sprayed
with algae extract. The above may be due to the
presence of iron in the extract, as iron increases

chlorophyll, and this was confirmed by (Al-Zubaidi

and Marwan, 2017) when spraying two potato
varieties with iron and humic acid. As for the role of
iron in increasing the chlorophyll content in the
leaves, it may be due to the role it plays in biological
processes, as it is involved in chlorophyll metabolism.
Iron is an essential mediator in the formation of
chlorophyll but is not included in its composition.
This is because iron is a cofactor, as it enters into the
composition of porphyrin and activates the enzymes
that metabolize chlorophyll.

The interaction between pruning and spraying
with the extract also had a clear effect on the
chlorophyll content of the leaves, as the highest value
was reached when pruning was done on three
branches with spraying at a rate of 7.5 ml L'! and was
(88.63 Spad). The lowest chlorophyll value was in the
unpruned and unsprayed control (60.22 Spad).

Table 4 Effect of pruning method and foliar spraying with seaweed extract (Biozyme TF) on the chlorophyll content of

watermelon leaves (Spad)

Seaweed extract concentration ml™!

Pruning method

Average pruning

0 2.5 5 7.5 treatments
A 72.67 80.90 85.11 88.63 81.82a
B 65.31 69.96 75.55 79.80 72.65b
C 62.14 66.89 73.97 76.16 69.79 ¢
D 60.22 63.49 70.56 72.34 66.65 d
Average foliar spray
65.08 d 70.31c¢c 76.29 b 79.23 a 72.73
treatments
LSD5% For pruning 176
LSD5% For foliar '
. 2.58
spraying

LSD5% for reaction

2.11
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5.4 Fruit weight (kg)

We conclude from the data in Table 5 that there is
a significant increase in fruit weight when pruning on
three branches compared to the rest of the pruning
treatments. With the unpruned control, the average
fruit weight in this treatment was (9.50 kg), followed
by the pruning treatment on four branches and then
the pruning treatment on five branches. While the
fruit weight decreased in the unpruned control (5.82
kg). This is due to the effect of the pruning process on
increasing vegetative growth indicators, which led to
an increase in leaf area and an increase in chlorophyll,
which contributed to an increase in fruit weight as a
result of the metabolism products going to storage
areas (Ndereyimana et al., 2021). Successful pruning
also provides an appropriate balance between the
number of fruits and their size, leaving an appropriate
number of branches on the plant, and the low number
of buds improves the quality and weight of the fruits
(Aydin et al., 2020).

We also noticed an increase in fruit weight in
treatments with high concentrations of seaweed
extract, as the highest fruit weight was reached in the
5 ml L' concentration treatment (8.67 kg), and there
were no clear significant differences between it and
the 7.5 ml L' concentration treatment, while the
weight decreased in the control (6.33 kg). This may
be due to the increase in nutrients provided to the
fruit, as the abundance of nutrients and their balanced
availability helped the plant reach a good nutritional
state, which led to an increase in the plant's efficiency
in absorbing elements, building compounds in the
leaves, and accumulating manufactured materials in
storage areas, including fruits, which caused an
increase in their weight (De Paula et al., 2022).

As for the interaction, the highest fruit weight was
reached when the pruning treatment on three branches
was interacted with spraying at a concentration of 5
ml L', which reached 11.00 kg, while it decreased in

the unpruned and unsprayed control to 4.7 kg.

Table S Effect of pruning method and foliar spraying with seaweed extract (Biozyme TF) on fruit weight (kg)

Seaweed extract concentration mL"!

Pruning method

Average pruning

0 2.5 5 7.5 treatments
A 8 8.4 11.00 10.62 9.50a
B 7.6 8.00 9.7 9.1 8.6b
C 5.03 5.8 7.3 6.5 6.15¢
D 4.7 55 6.7 6.4 5.82d
Average foliar spray
6.33d 6.92 ¢ 8.67a 8.15b 7.52
treatments
LSD5% For pruning 0.195
LSD5% For foliar spraying 0.189
LSD5% for reaction 0.201

5.5 Productivity tons ha™!

From the results of Table 6, we note a significant
superiority in productivity when pruning with four
branches compared to the remaining pruning
treatments and the unpruned control (45.86 tons ha!).
This was followed by the five-branch pruning
treatment, which outperformed the remaining
treatments, followed by the three-branch pruning
treatment and the unpruned control treatment, where
productivity decreased, and there were no significant
differences between them. The lower the number of
branches per plant, the larger the root size and the
stronger the plant. Finally, the yield increased due to
nutrient and  water

improved absorption

(Ndereyimana et al., 2021).

As for the treatments of different concentrations
of the extract, the highest productivity value was
achieved when plants were treated with a
concentration of 5 ml L', reaching 45.03 tons ha’!,
while productivity decreased in the control treatment
not sprayed with the extract. Regarding the effect of
spraying highest

productivity value was achieved when using the four-

pruning and together, the
branch pruning method and spraying with the
seaweed extract at a concentration of 5 ml L' (51.73
tons ha'). We also note that increasing the number of
fruits plays a positive role when using the four-branch

pruning method in raising productivity, as the number
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and weight of fruits are included in the productivity
calculation compared to the three-branch pruning
method, which outperformed in the rest of the
indicators.

The reason for the increase in productivity can be
explained as a direct result of the increase in
morphological and fruit indicators, and this was
confirmed by the correlation between spraying with
seaweed extract, pruning, and growth indicators. For
example, the positive effect of the extract and the
pruning method on the leaf surface area leads
inevitably to an increase in the efficiency of the
photosynthesis process, which leads to an increase in

the accumulation of manufactured carbohydrates in

addition to its role in increasing enzyme activities,
and this is consistent with (Canellas and Olivares,
2014).

The highest productivity value was achieved
when using a concentration of 5 ml L' and the
pruning method on four branches (51.73 tons ha™').
This may be due to the increased growth strength of
the stems on which the plants are raised, and thus the
increase in the number of flowers and fruits and the
yield of one plant, especially when spraying with
organic fertilizers that stimulate plants to continue
flowering and fruit setting. This result is consistent
with what was reached by (Baral et al., 2021).

Table 6 Effect of pruning method and foliar spraying with seaweed extract (Biozyme TF) on the productivity of watermelon

plants (tons ha™).

Seaweed extract concentration ml™!

Pruning method

Average pruning

0 2.5 5 7.5 treatments
A 32 33.6 44 40.80 37.6 ¢
B 40.53 42.66 51.73 48.53 4586a
C 33.53 38.66 48.66 43.33 41.04b
D 25.06 29.33 35.73 34.13 31.06d
Average foliar spray
32.78d 36.06 ¢ 45.03 a 41.69b 38.89
treatments
LSD5% For pruning 124
LSD5% For foliar ’
. 1.36
spra
praying . 1.42
LSD5% for reaction

6 Conclusion

Spraying with Biozyme TF seaweed extract at a
concentration of 7.5 ml L' achieved significant
improvements in all studied traits, including leaf
number, chlorophyll content, and leaf surface area,
with the exception of fruit weight and yield, which
reached their highest values at a concentration of 5 ml
L.

Although the unpruned control was significantly
superior to the other pruning treatments in the number
of leaves formed on the plant, the three-branch
pruning treatment was significantly superior in the
leaf surface area, chlorophyll content of the leaves,
and fruit weight, while productivity reached its
highest values when pruning on four branches.

The interaction between spraying and pruning had
a significant effect on all studied traits.

Based on the above, it is recommended to use the

three-branch pruning method and spray with a
seaweed extract (Biozyme TF) at a concentration of 5
ml 1-1 when achieving heavier fruit. It is suggested
that in-depth studies be conducted on the application
of pruning to watermelon plants and its positive

impact on various plant characteristics.
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