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Introduction

Citrus limon L., commonly known as the native lemon, is a
member of the Rutaceae family and falls under the genus of
Citrus, recognized among the most significant fruit groups.
Although its fruits are relatively small, they are prized for
their exceptional quality and juiciness. The fruit is
characterized by a thin peel and lower acidity compared to
many other international varieties (Klimek-Szczykutowicz et
al., 2020). Its native habitat is the tropical regions, which lie
between 40 degrees north and south of the equator. There are
several factors that reduce fruit production, including a lack
of nutrients. Many factors affect fruit production, such as the
soil’s capacity to supply vital nutrients, the amount inside the
plants, the overall quality of the fruit, and the quantity produced
(Bhardwaj et al., 2024). The competition between the fruit
trees for nutrients makes the nutrients less available, so the
amount of nutrients needed to be applied to the trees in
different methods (Kotelevych et al., 2021). Therefore, fruit
trees must be provided with these nutrients, whether they are
fertilizers or plant extracts sprayed on fruit trees.

A key factor in getting the good results is foliar feeding,
which is misting nutritional solutions on the green portions
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Abstract

Citrus lemon, is one of the most important fruit crops with varied uses. At the age of one year, 144 uniform seedlings were
taken. In the experiment, four levels of Moringa leaf extract were sprayed: M0 (distilled water), M1 (100ml.L-1), M2
(150ml.L-1), and M3 (200ml.L-1). Additionally,four levels of Nano-fertilizer were also sprayed: N0 (distilled water), N1
(5mg.L-1), N2 (10mg.L-1), and N3 (15mg.L-1).The resultsdemonstrated that the highest averages for the investigated vegetative
traits (seedling height, number of leaves, stem diameter, and total number of branches per seedling) were for the N3 spray
treatment of Nano fertiliser , reaching 16.70 cm, 247.42 leaves, 3.65 mm, and 7.35 branch respectively. Likewise, there
was a significant improvement in the chemical characteristics such as (chlorophyll content, nitrogen, phosphorus, and
potassium), reaching 47.55 mm 100 g-1 fresh weight, 1.7%, 0.31% and 2.65% respectively. The highest averages for the
investigated vegetative parameters (seedling height, leaves number, stem diameter, and total Branches number) were
obtained for the M3 spray treatment (200 ml.L-1) of Moringa leaf extract, reaching 16.18 cm, 3.65 mm, and 7.35 branches,
respectively. While across a number of measured traits, the interaction treatment N3M3 gave the highest results. Additionally,
the chlorophyll, nitrogen, phosphorus, and potassium contents in the leaves increased significantly.These results can be
used in future for other fruit trees, not just for the citrus family.
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of plants. During the growing phase, this technique directly
provides nutrients to the green sections (Kostadinov and
Kostadinova,  2014; Hamzah and Ibrahim, 2024). In contrast
to the lengthy process of delivering nutrients through the
roots, the foliar feeding system is essential for meeting the
plant’s needs from the nutrient through the leaves.
Furthermore, plant nutrition effects on numerous biochemical
and physiological processes, which in turn impacts
development and production, when the soil has issues that
impact the availability of certain elements, such as low soil
temperature, high calcium carbonate levels, or high salinity
levels (Stojanova et al., 2016). On the other hand, according
to Smolen (2012), foliar feeding is one of the most cost-
effective, efficient, and modern ways to address nutrient
deficiencies when compared to other fertilization techniques.
Its effectiveness is eight to twenty times higher than that of
ground fertilization, particularly when microelements are
used. It is also a technique for lowering the environmental
pollution phenomena (Hamzah et al.,2023). Alexander and
Schroeder (1987) confirmed that plant leaves have the ability
to absorb nutrients just like roots, and that foliar spraying is
more economical than ground fertilization because the
amount of nutrient solution used in foliar fertilization is less
than ground fertilization.
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Two methods are used by the leaves to absorb nutrients:
apoplast; the apoplast is the quantity of xylem vessels,
intercellular gaps, and cell walls.The nutrients are delivered
to the carrying vessels via the stomata and intercellular gaps
between the leaf cells before being dispersed throughout the
plant. The second technique is symplast;the interconnected
cytoplasm, also known as the cytoplasmic continuity or living
portion of plant tissue, is called symplast.Which entails
moving through cytoplasmic tubes or bridges that connect
the other plant components across the cytoplasm after passing
beneath the epidermal cells’ cuticle layer (Riederer and
Muller, 2008). Because of the high rate of evaporation,
extreme heat should be avoided while applying foliar
fertilizations. In order to give the leaf more time to absorb
the fertilizer from the solution on its surface, it is typically
sprayed in the early morning or at dusk. The benefit increases
with the amount of time the nutrients stay in solution on the
vegetative system (Saeed et al., 2013). Many methods can
be applied to improve the vegetative and chemical
characteristics of fruits these methods are Nanotechnology
and plant extracts.

The name Nano, which meaning “dwarf”, comes from the
ancient Greek language. In the field of science, it means
extremely precise materials, as the dimensions of their
particles are one billionth of a meter (1*10-9) m. This unit is
used to express the scale of atoms and the dimensions of
diameters or microscopic particles (Raab et al., 2011; Higuita,
2022). The agriculture industry benefits greatly from
nanotechnology since it produces a wide range of
nanomaterials that function as chemical fertilizers to boost
plant growth and enhance soil quality. There is less use of
traditional chemical fertilisers as a result of increased crop
production and improved agricultural land productivity
(Kumar 2013; AlJanaby et al., 2020). In the food and
agriculture sectors, nanotechnology-derived materials are
thought to be more potent and pure. Nanoparticles are highly
soluble in solvents like water due to their enormous surface
area and diminutive stature. Because of this characteristic,
these particles enhance the penetration of surfaces like leaves
and roots that come into touch with them. This increases the
rate of photosynthesis and creates space for other metabolic
processes in plants, which raises the amount of crop and dry
matter produced (Qureshi et al., 2018).

Nano-fertilizers influence the chemical and growth
characteristics of fruit seedlings. According to Zagzog et al.,
(2017), spraying two types of mango seedlings (Mangifera
indica) with Nano-Chitosan fertilizer rich in nitrogen and
phosphorus at concentrations of 2.5 and 5 ml L-1 had a
significant impact on vegetative and chemical traits. The
second concentration, which was 5 ml L-1, was better and

significantly affected the leaf content of nitrogen, potassium,
and zinc. In addition, to increasing chlorophyll content of
the leaf such as a, b, and total chlorophyll. Vegetative
attributes significantly increased when Chlander seedlings
were sprayed with Nano-iron and zinc oxide solutions at
concentrations of 0, 50, 100, and 150 mg L-1, such as the
height of the plant, fruit numbers, leaf numbers, and weight
of the fruit and diameter (Kumar et al., 2017). The rise was
exactly proportionate to the concentration increase.
Vegetative features (plant height, number of fruits, number
of leaves, and fruit weight and diameter) were considerably
raised by the combination of 150 mg L-1nano-iron oxide and
150 mg L-1 Nano-zinc oxide. Moreover, Spraying 15-year-
old Manzanillo olive trees with Nano-boron fertilizer three
times throughout the growing season at concentrations of  0,
0.25, 0.5, and 1% produced the desired results (Abd-Elall,
2018). The proportion of fruit buds, leaf count, leaf area,
length of vegetative growth, fruit weight, diameter, length,
leaf N, P, K, and boron content, fruit oil content, and fruit
flesh to kernel ratio all rose as a result. The rise was precisely
proportionate to the rise in Nano-boron concentration in
comparison to the distilled water-sprayed control treatment.
Similarly, Licina et al., (2021) study showed that all
vegetative characteristics were significantly impacted by
spraying the green group of apple trees using fertiliser that
contains nanonutrients. At a concentration of 0.75 g L-1, the
greatest rate of increase in fruit diameter, length, and size,
peel thickness and weight, leaf area, carbohydrates, and
content of chlorophyll in the leaves was noted.The highest
rate of rise in the nitrogen, phosphorus, potassium, iron, zinc,
and boron content in leaves was detected at a concentration
of 1 g L-1.

Researchers were used the plant extracts either by adding
them to the soil or spraying them on the green group after
extracting them, as these extracts are characterized by
containing nutrients (major and minor) and work as an
alternative to growth regulators, among these extracts are
ginger, garlic, moringa and algae extracts (Bulgari et al.,
2019). Plants have long been utilised as food, medicine, and
as the basis for a variety of pharmaceutical products,
including flavours, fragrances, and antibiotics to fight insects
and weeds. They can also be sprayed on plants, as they are
thought to stimulate the vegetative and floral growth of many
plants. They are also good sources of nutrients and natural
growth regulators because they are easily absorbed and
contain active substances that vary depending on the type
and part of the plant (Karunakaran and Niranjana, 2019).
One of these extracts is Moringa leaf extract, which can
enhance the vegetative and root system traits of plants
because amino acids, plant hormones, and major and minor
nutrients are all present that help the plant grow and become
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stronger. This has a positive impact on the plant’s quantity
and quality (Pawaskar and Sasangan, 2017). Moringa leaf
extract is crucial to the physiological and critical activities
of the plant since it strengthens and encourages the growth
of young plants while also increasing vegetative growth
markets such as height of the plant, leaves number, leaf area,
length of root, and branches number. (Prabhu et al., 2010).

Moringa leaf extract has an effect on fruit seedlings’ chemical
and vegetative traits. Bassiony and Ibrahim, (2016) found
that spraying 2% concentration of Moringa leaf extract had
a significantly better effect than the comparison treatment
in terms of providing the highest rate of leaf area and leaf
content of chlorophyll and mineral elements like nitrogen,
phosphorus, and potassium for the two study seasons in a
study on the grape variety Flame Seedless.In comparison to
the two study seasons comparative treatment, Akl et al.
(2017) found that applying the same variety (Flame Seedless)
grape seedlings with 5% Moringa leaf extract significantly
increased the vegetative and chemical characteristics of the
seedlings, such as seedling height, leaf area, number of
branches and leaves, root system dry weight, and leaf content
of iron, phosphorus, potassium, nitrogen, and chlorophyll.
In a similar vein, Rozhbayani and Al-Hadethi, (2021) found
that applying a concentration of 0, 10, and 20 g L-1 to local
orange seedlings significantly exceeded of the concentration
20 g L-1 in height of seedling, diameter of stem,leaves
number, and leaf area, in addition to the leaf content of
chlorophyll, carbohydrates, and mineral elements such as
nitrogen, potassium, iron, and phosphorus.In this study, the
results have shown that using Moringa leaf extract and Nano
fertilizer at different concentrations yielded excellent results
across most measured traits. The treatments promoted
significant improvements in vegetative growth, root
development, and chemical composition, suggesting their
broad potential for successful application in various fruit trees
and other crops. The aim of this study on lemon seedlings is
to determine how applying Nanofertiliser and extract from
Moringa leaves, as well as how these two substances interact,
affects the chemical and vegetative traits of the seedlings
and produces robust growth.

Materials and Methods

Plant Materials and Experiment Site
The study examined the effects of spraying Nano-fertilizer
and the effects of moringa extract and their combinations on
the development of regional lemon seedlings under the
wooden canopy of the College of Agriculture at Al-Qasim
Green University between January 4, 2023, and September
15, 2023. According to soil study, the soil has a sandy loamy
texture and chemical characteristics (Table 1).

The study was conducted as a factorial experiment with two
components for the treatments and experimental design:
Nano NPK fertiliser was the initial component, and A 2 kg
of Nano NPK (20:20:20) fertilizers, which is a mixture of
potassium oxide, phosphorus oxide, urea, and ammonium
nitrate of each concentration, was measured by a measuring
cylinder. The extraction method has been used according to
(Nobosse et al., 2018) It was applied in the following
concentration:Comparison treatment (without addition) and
is symbolized by the symbol N0, N1 5 mg L-1, N2 10 mg L-1

and N3 15 mg L-1.In order to prepare for the spring season,
Nanofertilizer was sprayed three times: once on 1/4/2023,
once on 15/4/2023, and once on 1/5/2023. Due to the high
temperatures, spraying was halted from the sixth to the ninth
month. On the autumn date, the first spraying was done on
1/8/2023, the second on 15/8/2023, and the third on 1/9/2023.
The comparative treatment was sprayed with distilled water.
Early in the morning, the seedlings were drenched until they
were totally moist using a 2-liter hand sprayer. To improve
surface tension, a tablespoon of detergent was added as a
spreading agent. Since humidity is crucial for the process of
guard cell enlargement and stomata opening, the seedlings
were watered the day before being sprayed with
Nanofertiliser. This increased the seedlings’ ability to absorb
the nutritional material. Furthermore, watering is crucial for
lowering the solute content in the leaf cells, which promotes
the ions from the nutritional solution to enter the leaf cells
more readily (Hamzah and Ibrahim, 2024).

The second factor was the Moringa leaf extract. Fresh
Moringa leaves, aged 30 day old leaves, have been taken
from a mature tree because the Moringa leaf extract depends
on its phytochemical content, the age of the leaves, and the
extraction solvent used. The extract was sprayed onto the
vegetative system. Distilled water (one litre) was added to a
beaker containing 100 grams of Moringa powder, and the
mixture was shaken on an electric shaker for an hour to create
the extract. The concentration was then 10% when the
solution was filtered via filter paper and the volume was
increased to one litre. After creating the appropriate
concentrations, the extract was put into bottles and kept cold

Table 1 . Physical and Chemical properties of Soil
Elements Amount

Available nitrogen 22.5 mg.kg-1

Available Phosphorus 10.15 mg.kg-1

Available potassium 29.5 mg.kg-1

pH 7.9
EC 1.53 dS.m-1

Organic material 2.04 g.kg-1

CaCo3 12.98 g.kg-1

Soil Texture Sand 822 g.kg-1

Loam 95 g.kg-1

Clay 83 g.kg-1

Texture Sandy Loam
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until it was needed for the spraying procedure(Yasmeen,
2011). The second factor included spraying with the
following concentrations: Using only distilled water for the
comparative treatment (M0), M1 100 ml L-1, M2 150 ml L-1,
and M3 200 ml L-1. According to the following schedules,
the vegetative system received six sprays of Moringa leaf
extract, three in the spring and three in the fall, with a 15-
day interval between each spray: 15/3 /2023 , 1 /4 / 2023 ,15
/4 / 2023 ,15 /8 / 2023 ,1 /9 /2023 , 15 /9 / 2023.

Studied Characteristics

Vegetative Trials
Numerous aspects of vegetative system have been examined,
including plant height measured with a metric measuring
tape and the rate of increase in seedling height (measured in
centimetres) from the point where the stem touched the soil
surface to the highest growing tip on the main stem of the
seedling. The difference between the first and second
measurements, which was taken after the experiment was
over, represents the rate at which the height of the seedlings
increased.At the start and finish of the experiment, the
diameter of the seedling’s stem was measured with an
electronic Vernier Calliper.  The height at which the stem
made contact with the earth surface was 7 cm.  This made it
possible to determine the rate at which the diameter of the
stem increased (in millimetres). The pace at which the stem’s
diameter is increasing is the difference between the two
readings.The overall number of branches (one seedling
branch) and the rate of growth.Each seedling’s main stem’s
number of lateral branches was counted at the start and finish
of the experiment. The disparity between the two figures
illustrates how quickly the number of branches is growing.
Both at the start and finish of the experiment, the total number
of leaves on each plant was counted, and the number of leaves
on each seedling was computed.The rate at which the number
of leaves is growing is shown by the difference between the
two values.

Chemical parameters
There are many chemical parameters were measured such
as a leaf chlorophyll content (SPAD). The chlorophyll content
of leaf was estimated using a Japanese-made SPAD 502
Chlorophyll Meter. Chlorophyll was measured for three
leaves from each seedling in different locations and according
to the average for each seedling and then according to the
average for each experimental unitby the digestive process
described by (Aniand Abel, 2018).For the mineral
components (potassium, phosphorus, and nitrogen) present
in leaves randomly selected leaves from each experimental
unit and replicate were cleaned to get rid of any last bits of
dust or grime, using distilled water. After that, the leaves

were placed in perforated bags and dried for 48 hours, or
until the weight was fixed, in an electric oven set to 70°C. In
order to generate extracts for measuring the proportion of
mineral elements, Following their pulverisation using an
electric grinder, each sample with 0.5 g was extracted and
processed by adding sulfuric and perchloric acids (Hamzah
and Ibrahim, 2024).The leaf’s nitrogen (N) content was
evaluated using the micro Kieldahl technique, the potassium
(K) content was ascertained using a flame photometer, and
the phosporus (P) level was estimated using a
spectrophotometer.

Statistical Analysis
Three repetitions were used in a factorial experiment (4*4).
Three seedlings were included in each experimental unit,
for a total of 144 seedlings. A complete randomized block
design with Genstat software was used to implement the
experiment. An ANOVA table was used for variance analysis
after the data were statistically examined and At a 5%
probability level, the LSD test was used to compare the
arithmetic means.

Results and Discussion

Vegetative Characteristics

Effect of Nano-fertilizer and Moringa Leaf Extract on plant
height
NPK Nano-fertilizer significantly affected the rate of rise in
seedling height, as shown by the results in Table 2. The N3
treatment showed the highest rate of increase at 16.7 cm,
compared to 9.30 cm for the control treatment N0.The
increasing in seedling height was also positively impacted
by Moringa leaf extractapplication; the M3 treatment yielded
the highest rate of increase, measuring 16.18 cm, while the
comparison treatment yielded the lowest increase, measuring
9.07 cm. Seedling height increased significantly as a result
of the interaction between the Moringa leaf extract and the
Nano-fertilizer NPK. The N3 M3 treatment had the highest
rate, measuring 18.87 cm, while the control treatment, N0M0,
had the lowest value, measuring 4.06 cm.The impact of

Table 2: Effect of spraying with NPK Nano-fertilizer, spraying
with Moringa leaf extract, and their interaction in seedling height
(cm) for local lemon seedlings
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 4.06 9.36 10.50 13.30 9.30
N1 7.55 11.14 11.85 15. 60 11.54
N2 10.29 12.40 12. 29 16. 94 12.98
N3 14.36 14.70 14.87 18.87 16.7
M effect rate 9.07 11.90 12. 38 16.18
LSD at 5% level N*M=5.04 M= 2.52 N=2.52

Loai Mohammed Hamzah and Mohammed Ibrahim



74

Nano-fertilizer on the chemical and vegetative properties
such asplant height can be explained by the small size of the
fertilizer particles, the presence of fertilizer elements
essential to the plant growth and development, the Nano-
particles rapid entry into the plant leaves through the stomata,
and their more effective transfer through the transport vessels
(xylem and bark) (Wang et al., 2013).

Effect of Nano-fertilizer and Moringa Leaf Extract on stem
diameter
The results demonstrates that the Nano NPK fertiliser
significantly increased the diameter of the seedling stems
(Table 3.). Compared to the control treatment, which yielded
a value of 2.73 mm, the average stem diameter grew
significantly in the N 3 treatment and gave the maximum
value of 3.65 mm. The average stem diameter rose to 3.65
mm with the Moringa extract M 3 spraying treatment, a
substantial rise from the comparison treatment’s value of
2.71 mm.Despite the fact that the NPK nanofertilizer and
N3 M3 treatment worked better together, and gave the largest
rate of rise, reaching (3.98) mm, in contrast to the control
treatment N0M0, which gave the lowest rate of increase,
reaching (1.60) mm. This indicates that the Moringa extract
had a substantial impact on increasingof the stem
diameter.The function of nitrogen in boosting the plant’s
ability to perform photosynthesis, its link with phosphorus,
and its stimulation of Auxin production, which promotes cell
division and elongation (Stout and  Griffing, 2001).

seedling branches. The rate of rise in the total number of
branches also showed notable differences in the interaction
between Moringa leaf extract and Nano-fertilizer, with the
N3 M3 treatment providing the highest rate of increase,
which reached (8.65) branches of seedling. In contrast, the
comparator treatment showed the slowest rate of growth,
which reached (3.12) branches of seedling. The unique
characteristics of Nano-fertilizers set them apart from
conventional fertilisers. The application of NPK Nano
fertilizer enhances the availability and efficiency of nitrogen,
phosphorus, and magnesium key elements in the chlorophyll
molecule thereby improving photosynthesis and promoting
growth of vegetative, including greater height of the plant
and increased branchesnumber (Tanou et al., 2017).

Effect of Nano-fertilizer and the Extract of Moringa Leaf on
number of leaves
As showed in results the N3 treatment produced the highest
rate of leaf growth, reaching 247.42 leaves per seedling, in
comparison to the comparison treatment, which produced
165.6 leaves per seedling (Table 5). The results demonstrate
that the rate at which the number of leaves increases is
significantly influenced by the application of NPK Nano
fertiliser.Moringa leaf extract spraying had a major impact
on the rate at which the number of leaves increased; the M2
treatment performed the best, yielding the highest rate of
increase, reaching 232.09 leaves per seedling, while the
comparison treatment produced 177.41 leaves per seedling.
The N3 M2 treatment outperformed and recorded the highest
rate of increase, reaching (268.00) leaves per seedling, in

Table 4: Effect of spraying with NPK Nano-fertilizer, spraying
with Moringa leaf extract, and their interaction in total number of
branches (branches per seedlings) for local lemon seedlings
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 3.12 4.85 5. 23 6. 15 4.84
N1 4.54 5.12 6. 30 6.70 5.67
N2 5.49 5.76 6.45 7.10 6.2
N3 6.63 6.97 7.25 8.65 7.38
M effect rate 4.95 5.68 6.31 7.15
LSD at 5% level M*N = 1.14 M= 0. 57 N=0.57

Table 3: Effects on local lemon seedlings’ stem diameter (mm) of
applying NPK Nano fertilizer, Moringa leaf extract, and their
combination
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1  effect rate
N0 1.60 2.88 3.14 3.30 2.73
N1 2.69 3.03 3. 43 3.57 3.12
N2 3.16 3.33 3.62 3.73 3.46
N3 3.39 3.45 3.76 3.98 3.65
M effect rate 2.71 3.17 3.49 3.65
LSD at 5% level M*N = 0.7609 M= 0.3804 N=0.3804

Effect of Nano-fertilizer and Moringa Leaf Extract on number
of branches
The findings show that NPK fertiliser has a major impact on
the rate at which the number of branches grows (Table 4).
The N3 treatment grew the branches at the fastest pace,
reaching 7.38 seedling branches, while the comparison
treatment recorded 4.84 branches of seedlings. The rate of
branch growth was also positively impacted by the Moringa
leaf extract applying treatment; the M3 spraying treatment
performed noticeably better than the control treatment,
yielding the highest rate, reaching 7.35 branches of, However,
the control treatment produced the lowest value, with 4.95

Table 5. Impact of Moringa leaf extract and NPK Nano fertilizer
spraying on the overall number of leaves (leaves per seedling) on
local lemon seedlings
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 112.20 185. 29 180.21 184.70 165.60
N1 165.10 198.01 230.00 200. 23 198.34
N2 212. 05 215.28 250.13 225. 30 225.69
N3 220.30 247. 04 268. 00 254.35 247.42
M effect rate 177.41 211.41 232. 09 216.15
LSD at 5% level M*N = 84.64 M= 42.32 N=42.32
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contrast to the control treatment N0 M0, which gave the
lowest, reaching (112.20) leaves per seedling. This dual
interaction between Nano fertiliser and the rate at which the
number of leaves increased was significantly influenced by
Moringa leaf extract. The Nano-particles rapid entry into
the plant leaves through the stomata, and their more effective
transfer through the transport vessels(xylem and bark). This
could be increase the number of leaves in citrus plants  (Wang
et al., 2013).

Chemical Characteristics

Effect of Nano-fertilizer and Extract of Moringa Leaf on total
chlorophyll content of leaves
The results of Table 6  showed that there is a significant
effect on the total chlorophyll content of the leaves when
spraying with Nano NPK fertilizer.When compared to the
control treatment, which produced a value of 38.69 mg 100
g-1 fresh weight, the N3 treatment performed better than the
other treatments, yielding the highest value at 47.55 mg 100
g-1 fresh weight.The comparison treatment yielded 41.63 mg
100 g-1 fresh weight, but the spraying treatment with Moringa

as the M3 treatment produced a significant superiority of
1.65 compared to the comparison treatment’s 1.47. The N3
treatment yielded the highest value of 1.7, while the
comparison treatment produced 1.42.The proportion of
nitrogen in the leaves was significantly impacted by the two-
way interaction between the Moringa leaf extract and the
Nano-NPK fertiliser.  In contrast to the comparator treatment,
which produced the lowest value of 1.22, the N3 M3 therapy
was superior, yielding the highest value of 1.76.The
application of NPK Nano fertilizer enhances the availability
and efficiency of nitrogen, phosphorus, and magnesium key
elements in the chlorophyll molecule thereby improving
photosynthesis and promoting vegetative growth, including
greater plant height, increased leaf number, larger stem
diameter, and high value of chlorophyll content (Tanou et
al., 2017).

3.2.3. Effect of Nano-fertilizer and Moringa Leaf Extract on
percentage of phosphorus of leaves
Table 8 demonstrates that the administration of NPK Nano
fertiliser has a considerable impact on the proportion of
phosphorus in the leaves. The N3 treatment yielded a value
of 0.31, while the comparison treatment yielded the lowest
value of 0.25. While applying Moringa leaf extract spray
had a favorable outcome, the M3 therapy was noticeably
better and produced the highest value, 0.30, in contrast to
the comparison treatment, which produced 0.26. On the other
hand, The percentage of phosphorus in the leaves was
significantly impacted by the two-way interaction between
the Moringa leaf extract and the Nanofertiliser NPK.
However, the N3 M3 therapy was better than the comparative
Table 8: The percentage of phosphorus in the leaves (leaves per
seedling) of local lemon seedlings as a result of using NPK Nano
fertilizer, Moringa leaf extract, and their combination
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 0.19 0.26 0.27 0.28 0.25
N1 0.27 0.28 0.29 0.29 0.28
N2 0.29 0.29 0.30 0.30 0.30
N3 0.30 0.31 0.31 0.32 0.31
M effect rate 0.26 0.29 0.29 0.30
LSD at 5% level M*N = 0.05              M= 0.025        N=0.025

Table 7: The impact of applying NPK Nano-fertilizer and Moringa
leaf extract on the percentage of nitrogen in the leaves (leaves per
seedling) of local lemon seedlings
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 1.22 1.44 1.45 1.55 1.42
N1 1.49 1.51 1.55 1.64 1.55
N2 1.52 1.54 1.59 1.66 1.58
N3 1.66 1.68 1.70 1.76 1.70
M effect rate 1.47 1.54 1.57 1.65
LSD at 5% level M*N = 0.16              M= 0.08        N=0.08

Table 6: Effect of spraying with NPK Nano-fertilizer, spraying
with Moringa leaf extract, and their interaction in total chlorophyll
content of leaves (leaves per seedling) for local lemon seedlings
Nano Fertilizer Moringa leaf extract ml. liter- 1 Nano
NPK mg M0 M1 M2 M3 fertilizer
Seedling -1 effect rate
N0 31.05 39. 85 41.91 41. 95 38.69
N1 40. 90 41.08 42.17 42.98 41.78
N2 43.78 42.93 43.44  44.01 43.54
N3 50.81 43.25 44.43 51.70 47.55
M effect rate 41.63 41.78 42.99 45.16
LSD at 5% level M*N = 4.90      M= 2.45       N=2.45

leaf extract M3 produced a significant result of 45.16 mg
100 g-1 fresh weight.  However, the total chlorophyll content
of the leaves was significantly impacted by the interaction
between the Nanofertiliser and Moringa leaf extract, with
the N3M3 treatment yielding the highest value of 51.70 mg
100 g-1 fresh weight in contrast to the control treatment, which
produced the lowest value of 31.05 mg 100 g-1 fresh weight.
The application of NPK nano fertilizer enhances the
availability and efficiency of nitrogen and other elements in
the chlorophyll molecule, thereby improving photosynthesis
and promoting vegetative growth, including high value of
chlorophyll content (Tanou et al., 2017).

Effect of Nano-fertilizer and Moringa Leaf Extract on
proportion of nitrogen in leaves
The results showed that applying the Nanofertiliser NPK
significantly changed the amount of nitrogen in the leaves
(Table 7). The percentage of nitrogen in the leaves was
significantly impacted by spraying with Moringa leaf extract,
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treatment, which yielded the lowest value of 0.19, yielding
the highest value of 0.32.Moringa leaf extract has strong
antimicrobial, anti-inflammatory, and antioxidant qualities
that contribute to its use in functional foods and health
supplements. Moreover, it isrich in bioactive substances such
as polyphenols (flavonoids, phenolic acids), vitamins (A, C,
E), minerals (iron, calcium), alkaloids andtannins (Chis et
al., 2023).

Moringa leaf extract contains nutritional components
essential for respiration, photosynthesis, and other metabolic
processes, They are all essential for cell elongation and
division.It effectively increased vegetative growth and
chemical characteristics such as phosphorus in the leaves
(Hegazi et al., 2015).

3.2.4. Effect of Nano-fertilizer and Moringa Leaf Extract
onpotassium Percentage Of phosphorus
The results indicated that the percentage of phosphorus in
the leaves was significantly affected by the application of
NPK Nano fertiliser, with the N 3 treatment yielding a value
of 2.65 as opposed to the lowest value of 2.19 for the
comparison treatment (Table 9).  Positive results were also
obtained from spraying with Moringa leaf extract; the M3
treatment produced the highest value, 2.54, in contrast to
the comparison treatment’s value of 2.2.The percentage of
phosphorus in the leaves was significantly impacted by the
dual interaction between NPK Nanofertiliser and Moringa
leaf extract. The N3 M3 treatment outperformed the
comparison treatment, yielding the highest value of 2.74 as
opposed to the lowest value of 1.50.Many nutrients include
Nano-iron, which raises the proportion of nitrogen in the
leaves. This improves the rate of growth and division as well
as the creation of nutrients in sufficient amounts to support
vegetative growth, which in turn increases the number of
leaves.It might occur as a result of potassium’s ability to
support vegetative growth by boosting the activity of proteins
and enzymes involved in the digestion of carbohydrates. The
function of potassium, which regulates plant cells’ osmotic
pressure to open and close stomata (Rui et al., 2016).The
effectiveness of nano-fertilizers depends on their small

particle size, which allows for better penetration into plant
tissues (stomata, roots) and slower, controlled release from
soil, increasing nutrient use efficiency by 20–30% while
lowering leaching and environmental damage as compared
to bulky fertilisers.  Smaller sizes (less than ~50 nm) provide
easier cellular entry and improved plant performance.
Important transport methods include stomatal/cuticular entry,
movement through plasmodesmata/apoplast/symplast,
interaction with carrier proteins, and adsorption/electrostatic
forces in soil (Mim et al., 2025). In overall, The combined
effects of the nano-fertilizer and Moringa leaf extract
treatments showed that they have a greater overall impact
on biomass buildup, photosynthetic activity, and nutrient
absorption than either treatment alone.

Conclusion

The findings of the current study indicated that the vegetative
and chemical characteristics of local Citrus Limon can be
enhanced through the application of Moringa leaf extract
and Nano fertilizer. The interaction treatment N3M3
produced the highest values across several measured traits.
In particular, the M3 spray treatment (200 ml L-¹) of Moringa
leaf extract recorded the greatest averages for seedling height,
number of leaves, stem diameter, and total number of
branches. Overall, spraying with Moringa leaf extract and
nano fertilizer represents a simple, effective, and reliable
approach to improving the productivity and profitability of
Citrus Limon, particularly for the citrus family in general,
with potential applicability to a wide range of crops and
growing regions. Moreover, Therefore, the reco   mmendation
is that M3 spray treatment (200 ml L-¹) of Moringa leaf
extract and Nano NPK fertiliser with N3 15 mg L-1 will give
high production for the fruits and can be used for other plants.
Future research should look into this because better
vegetative development with the recommended dosage may
result in better flowering or fruiting, but it might not in other
plants.
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