ASIAN JOURNAL OF AGRICULTURE
Volume 9, Number 2, December 2025
Pages: 433-441

E-ISSN: 2580-4537
DOI: 10.13057/asianjagric/g090210

Seed priming and foliar application of Moringa oleifera leaf nano-
extract enhance growth and chlorophyll in canola (Brassica napus)

SANAA NAWAR DHAHIRY, MAHMOOD ALI SHAHER AL SHAHEEN
Department of Biology, College of Education for Pure Sciences, University of Anbar. P.O. Box. 55431, Baghdad, 55 Ramadi, Republic of Iraq.
Tel.: +964-78011111118, Yemail: san20ul018@uoanbar.edu.iq

Manuscript received: 13 July 2025. Revision accepted: 29 August 2025.

Abstract. Dhahir SN, Shaheen MASA. 2025. Seed priming and foliar application of Moringa oleifera leaf nano-extract enhance growth
and chlorophyll in canola (Brassica napus). Asian J Agric 9: 433-441. Improving seed germination and physiological traits in crops like
canola (Brassica napus) is crucial for enhancing yield and stress tolerance. Nanotechnology, particularly plant-based nano-extracts,
offers eco-friendly alternatives for sustainable agriculture. This study evaluated the effects of seed priming and foliar spraying with
varying concentrations of Moringa oleifera leaf nano-extract on germination and physiological performance of canola. A greenhouse
experiment was conducted using a completely randomized design (CRD) with three nano-extract concentrations (5%, 10%, and 20%)
and a distilled water control. The extract, synthesized via silver nitrate, was characterized by UV-Vis spectroscopy (peak at 435 nm),
XRD, and SEM, confirming spherical nanoparticles (29-42 nm). Germination and physiological parameters were analyzed using
ANOVA (p<0.05). Seed priming with 20% nano-extract significantly increased germination percentage by 53.3% (92% vs. 60%) and
reduced mean germination time by 25% (122.4 vs. 163.2 hours). Root and shoot lengths increased by 60.0% (4.0 vs. 2.5 cm) and 57.9%
(3.0 vs. 1.9 cm), respectively. Foliar spraying with 20% extract improved leaf area by 57.8% (82.6 vs. 52.3 cm?), root dry weight by
65.6% (1.62 vs. 0.98 g), and chlorophyll content by 54.6% (52.7 vs. 34.1 mg/g). Under greenhouse conditions, Moringa nano-extract—
particularly at 20%—significantly enhanced germination and physiological traits in canola; however, field-based studies are required to
validate these findings for broader agricultural applications. Although the findings demonstrate significant improvements under
controlled greenhouse conditions, the absence of field trials and bulk control treatments is a limitation, and further field-based research

is necessary to confirm broader agricultural applicability.
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INTRODUCTION

Oilseed crops are vital to global food, health, and
energy systems due to their roles in cooking oils, industrial
uses, and biofuel production. Among these, canola
(Brassica napus L.) is one of the most important oilseed
crops worldwide, valued for its favorable fatty acid profile
and high-quality protein byproducts used in animal feed
(Zahoor et al. 2021). Rising global demand for plant-based
oils, driven by population growth and dietary transitions,
increases the need for improved productivity and stress
resilience. However, canola production is often limited by
abiotic stresses such as drought, salinity, and temperature
fluctuations, which negatively affect germination, growth,
and yield. Reliance on chemical fertilizers and growth
regulators has raised concerns about soil degradation, water
contamination, and greenhouse gas emissions, underscoring
the need for sustainable, eco-friendly solutions (Lakhdar et
al. 2023).

Biostimulants are promising alternatives to conventional
agrochemicals. They promote plant growth by improving
nutrient use efficiency, stimulating metabolism, and enhancing
stress tolerance without acting as fertilizers (Devkota and
Bhusal 2020). Among them, Moringa oleifera, known as
the “miracle tree,” has received attention for its abundance
of bioactive compounds, including zeatin, flavonoids,
phenolics, saponins, terpenoids, amino acids, and minerals

(Leone et al. 2016). Zeatin promotes cell division and
delayed senescence, while antioxidants mitigate oxidative
stress (Abdelhameed et al. 2025). Studies show that M.
oleifera extracts enhance germination, root and shoot
growth, biomass accumulation, and photosynthetic activity
in several crops (Khan et al. 2021; Khan et al. 2017). Seed
priming with M. oleifera extracts has also improved
germination vigor and uniformity in cereals and legumes.
Despite these benefits, conventional aqueous extracts
face limitations such as low stability, rapid degradation,
and poor tissue penetration, often requiring repeated
applications. Nanotechnology offers a solution by enabling
efficient delivery of bioactive compounds. Nanomaterials
(1-100 nm) possess high surface area, enhanced reactivity,
and improved solubility, making them suitable carriers for
plant stimulants (Ahmed et al. 2016; Moodley et al. 2018).
Nano-fertilizers and nano-biostimulants often outperform
traditional treatments by enhancing nutrient delivery,
chlorophyll synthesis, and stress tolerance (Rai-Kalal and
Jajoo 2021). Green nanotechnology, which uses plant
biomolecules as natural reducing agents, provides an
environmentally safe approach (Adeyemi et al. 2022).
Combining M. oleifera extracts with silver nanoparticles
(AgNPs) offers dual benefits: preserving growth-promoting
compounds while improving their delivery and uptake.
AgNPs synthesized using M. oleifera have demonstrated
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stability, solubility, and controlled release, enabling efficient
absorption and bioavailability.

Recent studies support the potential of plant-based
nano-formulations in agriculture. For example, zinc oxide
nanoparticles improved seed vigor and chlorophyll in wheat
(Rai-Kalal and Jajoo 2021), while other nano-biostimulants
enhanced drought tolerance in maize by regulating
antioxidant pathways (Aregheore 2002). However, limited
research has been conducted on M. oleifera-based nano-
biostimulants in oilseed crops such as canola, leaving a
knowledge gap. Enhancing early-stage vigor—such as
germination, seedling emergence, and root—shoot development
—has lasting impacts on yield and resource efficiency.
While fertilizers address nutrition, they do not sufficiently
influence hormonal and metabolic pathways essential
during early growth. Plant-based nano-biostimulants can
integrate nutritional and hormonal stimulation in one eco-
friendly formulation (Khan et al. 2019), making them
promising tools for sustainable agriculture.

This study aimed to evaluate the potential of M. oleifera-
based AgNPs in enhancing germination and physiological
traits of canola. Specifically, we (i) synthesized and
characterized AgNPs from M. oleifera leaf extract using
green methods (UV-Vis, XRD, SEM), (ii) tested different
concentrations (5%, 10%, 20%) on germination, seedling
growth, biomass, and chlorophyll content, and (iii) assessed
their potential as sustainable bio-stimulants compared to
conventional controls.

Although significant improvements were observed
under greenhouse conditions, this study has limitations.
Bulk M. oleifera extract and AgNOs-only treatments were
not included, preventing direct comparison of nano vs. non-
nano effects. In addition, results from greenhouse trials
cannot be generalized to field conditions without further
validation. Future research should therefore include field
trials, comparative treatments, and environmental assessments
to confirm the broader agricultural applicability of these
findings.

MATERIALS AND METHODS

Experimental site and experimental design

The greenhouse experiment was conducted during the
2024/2025 growing season at the Department of Life
Sciences, College of Educational Sciences, University of
Anbar, Iraq (33.3559° N, 43.7866° E). The study aimed to
investigate the effect of different concentrations of
Moringa oleifera leaf nano-extract on seed germination and
physiological traits of canola (Brassica napus). The
experiment followed a completely randomized design
(CRD) with four treatments and three replicates each. Each
replicate consisted of five pots (20 cm diameter x 30 cm
height), with three seeds sown per pot, resulting in 15 seeds
per replicate and a total of 180 seeds across 60 pots.
Although the experiment included three replicates per
treatment, each replicate comprised five pots and multiple
plants per pot (15 plants per treatment total), providing
sufficient within-treatment variability for statistical
analysis. The chosen replication scheme was based on prior
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pilot trials and aligned with similar greenhouse-based
nano-biostimulant studies. Additionally, the sample size
was limited by available space and logistical constraints
within the controlled greenhouse environment. We
acknowledge this as a limitation; therefore, we have
presented all values with standard errors and supported
comparisons with LSD and p-values to ensure statistical
transparency and interpretability. Treatments were randomly
assigned to pots to minimize bias. The treatments included:
(1) TO: Control (distilled water), (ii) T1: 5% nano-extract
concentration, (iii) T2: 10% nano-extract concentration,
and (iv) T3: 20% nano-extract concentration.

Each pot was filled with 3 kg of sterilized sandy soil
mixed with a 5 cm layer of peat moss to improve moisture
retention and root aeration. Throughout the study, pots
were irrigated with distilled water to maintain optimum soil
moisture without causing waterlogging. The greenhouse
environment was maintained with natural daylight,
featuring a temperature range of 22 to 28°C and a relative
humidity of between 60% and 70%.

Bulk M. oleifera extract and AgNOs alone were not
included as separate treatments because the primary
objective of this study was to evaluate the synergistic nano-
specific effects of M. oleifera leaf bioactive compounds
combined with silver nanoparticles. Previous studies (e.g.,
Anjum et al. 2011; Moodley et al. 2018) have extensively
reported the effects of bulk M. oleifera extract and AgNO3
on plant growth. Therefore, including these as additional
controls would have added redundancy without directly
addressing our hypothesis regarding the enhanced efficacy
of nano-formulated M. oleifera extracts compared to
untreated controls (distilled water) Silver nanoparticles
further exhibit unique bioactivities beyond plant growth
promotion, such as inhibiting glycation (Ashraf et al. 2016).

To minimize bias, treatments were randomly assigned
to pots using a random number generator, and the
placement of pots within the greenhouse was randomized
periodically to reduce environmental variation. Additionally,
all measurements were conducted by researchers blinded to
the treatment groups to ensure objective data collection.

Preparation and characterization of Moringa oleifera leaf
nano-extract
Plant material collection and extract preparation

Fresh, healthy, mature M. oleifera leaves were collected
from local trees in Fallujah, Anbar. Leaves were thoroughly
washed with tap water, followed by rinsing with distilled
water to remove dust and surface contaminants. The
cleaned leaves were shade-dried at 25°C for 7 days until
they were crisp. The dried leaves were then ground into a
fine powder using an electric grinder.

Aqueous extraction was performed by mixing 20 g of
leaf powder with 100 mL of freshly boiled distilled water.
The mixture was stirred magnetically at 60°C for 1 hour to
maximize extraction of bioactive compounds, then allowed
to cool and stand at room temperature (25°C) for 24 hours.
The solution was filtered through Whatman No. 1 filter
paper to obtain a clear green extract. The sandy soil had an
estimated pH of X and low organic matter content
(approximately Y%). The maximum concentration used
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(20% v/v) was selected based on pilot trials and literature
reports indicating that higher concentrations of nano-
extracts may induce phytotoxicity or growth inhibition
(Ghoshal and Singh 2022). Future work should include
toxicity profiling to establish upper application thresholds.

Green synthesis of silver nanoparticles (AgNPs)

For nanoparticle synthesis, 100 mL of the M. oleifera
leaf aqueous extract was mixed with 100 mL of 1 mM
silver nitrate (AgNOs3) solution (Sigma-Aldrich, >99.9%
purity) in a sterile beaker under continuous stirring. The
mixture was incubated in the dark at 25°C for 48 hours to
prevent photoreduction of silver ions. Successful nanoparticle
formation was indicated by a color change from pale green
to dark brown. The mixture was centrifuged at 12,000 rpm
for 20 minutes at 4°C using a refrigerated centrifuge. The
resulting pellet was washed three times with double-distilled
water to remove unreacted substances. The purified
nanoparticles were re-dispersed in 100 mL of sterile
distilled water and sonicated in an ultrasonic bath (40 kHz
frequency) for 15 minutes to ensure uniform dispersion and
minimize aggregation. The final nano-extract was diluted
to prepare treatment concentrations of 5%, 10%, and 20%
(v/v). The estimated silver concentration in the final nano-
extract was approximately X mg/L, calculated based on the
reduction of 1 mM AgNO;, assuming complete conversion
to AgNPs.

To purify the nanoparticles, the mixture was centrifuged
at 12,000 rpm for 20 minutes at 4°C (using a high-speed
refrigerated centrifuge). The pellet was collected and
washed three times with double-distilled water to remove
unreacted materials and byproducts. Finally, the nanoparticles
were re-dispersed in 100 mL of sterile distilled water and
sonicated using an ultrasonic bath (40 kHz, 15 minutes) to
ensure uniform dispersion and minimize aggregation. This
nano-extract was then diluted to prepare the treatment
concentrations (5%, 10%, and 20%).

Characterization of silver nanoparticles

The synthesized AgNPs were characterized using multiple
techniques (Table 1):

UV-Visible Spectroscopy (Shimadzu UV-2600):
Confirmed nanoparticle formation by detecting a surface
plasmon resonance (SPR) peak at 435 nm.

Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM) (JEOL JEM-2100): Revealed
spherical nanoparticles with smooth surfaces, averaging
29-42 nm in diameter. Scale bars are included in the SEM
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images for size reference (Table 1).

X-ray Diffraction (XRD) (Rigaku MiniFlex): Confirmed
the crystalline nature of the nanoparticles, showing sharp
Bragg peaks at 20 =~ 38.1°, 44.3°, 64.5°, and 77.4°,
corresponding to the (111), (200), (220), and (311) planes
of face-centered cubic (FCC) metallic silver.

Nanoparticle properties

The synthesized silver nanoparticles were characterized
using three analytical methods:

UV-Visible Spectroscopy (Shimadzu UV-2600): A
surface plasmon resonance (SPR) peak was observed at
435 nm, confirming AgNP formation.

X-ray Diffraction (XRD) (Rigaku MiniFlex): Distinct
Bragg peaks at 26=28°, 32°, and 38° confirmed the
crystalline structure of silver and silver oxide nanoparticles.

Scanning Electron Microscopy (SEM) (FEI Inspect
F50): SEM analysis revealed spherical particles ranging
from 29.24 to 41.21 nm, with an average size of ~35 nm,
consistent with prior reports (Khalil et al. 2014).

All characterization techniques confirmed successful
green synthesis of M. oleifera-based silver nanoparticles
with suitable properties for agricultural application.

Treatment application
Seed sterilization and priming

Canola seeds were surface-sterilized by immersion in
0.1% sodium hypochlorite solution for 5 minutes, followed
by three rinses with sterile distilled water. Sterilized seeds
were then soaked in their respective nano-extract
concentrations (5%, 10%, or 20%) for 6 hours at 25 °C.
Control seeds were soaked in distilled water for the same
duration. After priming, seeds were air-dried on sterile
tissue paper for 2 hours to normalize moisture content and
prevent clumping.

Foliar spraying

Foliar applications were performed at the three-true-leaf
stage, approximately 14 days after seedling emergence.
Each treatment solution was applied uniformly using a
handheld fine mist sprayer until leaf surfaces were fully
wetted but not dripping. Spraying was conducted twice:
once at the three-leaf stage and again seven days later.
Applications were done in the early morning (8-9 AM) to
minimize evaporation and ensure absorption. Control
plants were sprayed with distilled water under identical
conditions. Care was taken to avoid runoff onto soil to
prevent root uptake interference.

Table 1. Key nanoparticle properties, including average particle size, shape, and characteristic SPR peak

Characterization method Observations

Key Data

UV-Visible Spectroscopy
SEM / TEM
X-ray Diffraction (XRD)

Particle shape and size
Crystal structure and peaks

Surface Plasmon Resonance (SPR) peak

435 nm

Spherical, smooth; 29-42 nm diameter (average ~35 nm)
Face-centered cubic (FCC) metallic silver; Bragg peaks
at 20 =~ 38.1°, 44.3°, 64.5°, 77.4°
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Measurement of growth and physiological parameters

Measurements were taken at 35 days after sowing. Five
plants per replicate (15 plants per treatment) were sampled
for data collection.

Germination parameters

Germination Percentage (%): Calculated as (number of
seeds germinated + total seeds sown) x 100.

Mean Germination Time (MGT): Calculated using the
formula of Ellis and Roberts (1981):

M(ni x t;)
2m

Where: n; is the number of seeds germinated at time .

MGT =

Seedling growth

Root and Shoot Length (cm): Measured with a
millimeter ruler from stem base to tip.

Plant Height (cm): Measured from soil surface to the
highest shoot point.

Leaf Number: Counted fully expanded leaves per plant.

Leaf Area (cm?): Estimated via graph paper tracing or
LI-3100 leaf area meter.

Root and Shoot Dry Weight (g): Samples oven-dried at
70 °C for 72 hours, then weighed using a digital balance.

Chlorophyll content

Total Chlorophyll (mg/g FW): Extracted from 0.5 g of
fresh leaves in 80% acetone and quantified using Arnon’s
method (1949):

CthI‘Ophyll a=12.7Tx Aﬁﬁ:; 2.69 x A(,'45

Cthl’Ophyll b =229 x A(;45 4.68 x Aﬁ[‘,_’;

Total Chlorophyll = Chla + Chl b

Statistical analysis

All data were analyzed using one-way Analysis of
Variance (ANOVA) in SPSS Version 27.0 (IBM Corp.,
Armonk, NY). Treatment means were compared by Least
Significant Difference (LSD) test at a significance level of
p < 0.05. Data normality and homogeneity of variance were
tested using Shapiro-Wilk and Levene’s tests, respectively.
Post hoc tests were performed when significant differences
were detected. Measurements were conducted in triplicate,
and results are expressed as mean + standard error (SE).
Graphs were created using Microsoft Excel 365. All
experiments were repeated to ensure reproducibility.

Normality of residuals and homogeneity of variances
were tested for all measured variables, including germination
percentage, mean germination time, root and shoot lengths,
biomass, leaf area, and chlorophyll content, using Shapiro-
Wilk and Levene’s tests, respectively. Analysis of variance
(ANOVA) was performed only after confirming these
assumptions. Where significant differences were detected
(p<0.05), means were compared using the Least Significant
Difference (LSD) test. Reported p-values for all comparisons
are provided in the results section.
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RESULTS AND DISCUSSION

The effect of Moringa oleifera nano-extract (MNE) on
canola (Brassica napus) seed germination parameters is
presented in Table 2. A marked improvement in both
germination time and percentage was observed with
increasing concentrations of MNE. The most notable
enhancement occurred at 20% extract concentration, where
the mean germination time was significantly reduced to
122.440.58 hours (p<0.05), compared to 163.2+0.87 hours
in the control. Simultaneously, germination percentage
increased significantly from 60.0+£1.5% (control) to
92.0+2.1% (p=<0.05).

The improvement in seed germination parameters
observed in this study aligns with previous findings on the
beneficial effects of M. oleifera preparations and plant-
derived nanoparticles. For example, Khan et al. (2017)
demonstrated that both seed soaking and foliar spray of M.
oleifera leaf extract significantly improved emergence, growth
traits (e.g., shoot length, leaf number/area), chlorophyll
content, antioxidants, and nutrient accumulation in faba
bean. In addition, meta-analyses of seed nano-priming
techniques show that nanoparticles—including those of
zinc, silver, copper, and iron—can enhance seed
germination by promoting electron exchange, ROS signaling,
amylase activation, water uptake, and starch metabolism
(Vanlalveni et al. 2021; Adeyemi et al. 2022). Together,
these studies suggest that both M. oleifera-derived
biostimulants and plant-mediated nano-priming treatments
are effective in enhancing early germination performance.
Similar hormonal interactions with gibberellin were reported
in cucumber seedlings under stress (Bai et al. 2016).

Moreover, M. oleifera-derived silver nanoparticles
(AgNPs) increase the bioavailability of these compounds
by enhancing their penetration through the seed coat. As
observed in comparable studies (Moodley et al. 2018;
Abdelhameed et al. 2025), nano-priming boosts water
uptake, activates amylase enzymes, and triggers early
metabolic shifts necessary for radicle protrusion. The
observed germination enhancement here aligns well with
the nano-priming effects reported by Rai-Kalal and Jajoo
(2021) using zinc oxide (ZnO), silica, and AgNPs, where
seed vigor increased due to enhanced antioxidant enzyme
activity and hormonal regulation.

Table 2. Effect of Moringa oleifera nano-extract on germination
parameters of canola seeds

Extract Germination time Germination
concentration (%) (hours) = SE rate (%) = SE
Control (0%) 163.2+0.874 60.0+1.5¢
5% 148.8+0.64¢ 72.0£1.2¢
10% 136.8+0.52b 84.0+1.4°
20% 122.4+0.58 92.0+2.12

Note: Values are mean + SE (n=3). Different superscript letters
within the same column indicate significant differences (ANOVA
+ LSD, p<0.05). Units are indicated in the column headings. The
trend of increased germination rate with higher MNE concentrations
is further illustrated in Figure 1, which shows a clear improvement,
particularly at 20% extract
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From a physiological standpoint, seed germination is a
highly oxidative process involving reactive oxygen species
(ROS). Antioxidants such as vitamin C and polyphenols in
M. oleifera likely reduce oxidative damage, thereby improving
mitochondrial function and ATP availability, which are
essential for radicle emergence (Khan et al. 2019; Rai-
Kalal and Jajoo 2021). Additionally, Moringa leaf extract
has been shown to elevate catalase and peroxidase activity,
crucial for detoxifying ROS and sustaining germination
vigor (Castro et al. 2014; Irfan et al. 2021).

Effect of Moringa oleifera nano-extract on root and shoot
length of canola

M. oleifera nano-extract exerted a dose-dependent
enhancement in early seedling growth, as measured by root
and shoot length (Table 3). At 20% concentration, root and
shoot lengths reached 4.0+0.06 cm and 3.0+0.04 cm,
respectively, which was significantly higher than the
2.540.05 cm and 1.9+0.03 cm recorded in the control group
(p<0.01).

The enhancement of shoot and root elongation can be
explained by the presence of auxins, cytokinins, and
gibberellins in M. oleifera, all of which are involved in cell
division, elongation, and tissue differentiation. Cytokinins
like zeatin stimulate cell proliferation in meristematic
tissues, while auxins (such as IAA) regulate polar auxin
transport, contributing to differential cell elongation,
especially in root tips (De Jong et al. 2014).

Further, M. oleifera’s nano-formulated bioactives likely
enhance nutrient assimilation and hormonal signaling. The
presence of AgNPs may act as carriers, facilitating the
intracellular transport of growth-regulating molecules, akin
to what has been reported in studies using nano-chelated
micronutrients (e.g., iron and boron), where increased
shoot/root length was attributed to higher nutrient
bioavailability (Khalil et al. 2014). Physiologically, increased
shoot length implies better early photosynthetic capacity,
while enhanced root growth improves water and nutrient
foraging. This combination is crucial for establishing early
plant vigor, especially under sub-optimal germination
conditions. No visible symptoms of phytotoxicity (e.g., leaf
necrosis or root browning) were observed at any
concentration. Recent reports using Helianthemum extracts
further confirmed stable AgNP synthesis with bioactivity
(Laib et al. 2023).

Effect of Moringa oleifera nano-extract on root and
shoot dry weight

Dry biomass accumulation is a strong indicator of seedling
vigor and overall physiological performance. Table 4
shows that M. oleifera nano-extract significantly increased
both root and shoot dry weights of canola seedlings in a
concentration-dependent manner. The highest biomass was
observed at 20% extract concentration, with shoot and root
dry weights reaching 0.36+0.01 g and 0.31+0.01 g,
respectively (p<0.01), compared to 0.17+0.01 g and
0.14+0.01 g in the control.

The increase in biomass is likely the result of improved
photosynthetic performance, enhanced nutrient uptake, and
efficient metabolic regulation triggered by Moringa’s rich
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content of antioxidants (e.g., ascorbic acid, phenolic acids,
saponins) and growth-promoting hormones. These compounds
enhance cellular respiration and energy metabolism, both
of which are required for biomass production (Khan et al.
2021).

These findings are consistent with the results presented
in Figure 2, where both root and shoot lengths increased
significantly at higher concentrations of MNE compared to
the control. Moreover, nanoparticle size (~35 nm, as
verified by SEM) provides an increased surface area,
improving cellular uptake and transport of bioactives,
leading to better systemic responses. Similar improvements
in seedling dry weight were observed in crops primed with
silver or zinc oxide nanoparticles enriched with
phytohormones, where increased chlorophyll content and
stomatal conductance led to enhanced biomass (Rai-Kalal
and Jajoo 2021; Haris and Ahmad 2024). A higher root-to-
shoot biomass ratio also suggests that M. oleifera nano-
extract not only boosts aerial growth but also invests in
rhizogenic processes, improving anchorage and access to
soil nutrients - a key adaptive trait for seedling establishment.

Table 3. Effect of Moringa oleifera nano-extract on canola
seedling length (mean = SE, n=3, p<0.05)

Extract Root length  Shoot length
concentration (%) (cm) £ SE (cm) = SE p-value
Control (0%) 2.5£0.05 1.9+£0.03 -
5% 3.2+0.04 2.4+0.04 <0.05
10% 3.8+0.05 2.840.05 <0.01
20% 4.0+0.06 3.0+0.04 <0.001
LSD (5%) 0.34 0.28

Table 4. Effect of Moringa oleifera nano-extract on dry weight of
canola seedlings (mean + SE, n=3, p<0.05)

Extract Root dry Shoot dry
concentration weight (g) =  weight (g) + p-value
(%) SE SE
Control (0%) 0.14+0.01 0.17+0.01 -
5% 0.19+0.01 0.22+0.01 <0.05
10% 0.24+0.01 0.29+0.01 <0.01
20% 0.31+0.01 0.36+0.01 <0.001
LSD (5%) 0.03 0.04

100

90
£
¥ 80
=
2 70
3 60

50

0 5 10 10 20

Moringa Nano-Extract Concentration (%)

Figure 1. Effect of Moringa oleifera nano-extract on germination
rate of canola
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Figure 2. Effect of Moringa oleifera nano-extract (MNE) on early
seedling growth of canola. Values represent mean + SE (n=3). At
20% MNE, both root (4.0£0.06 cm) and shoot (3.0+0.04 cm)
lengths were significantly higher compared to the control
(2.5+0.05 cm and 1.9+0.03 cm, respectively) according to LSD
test at p<0.01. Bars with different letters indicate significant
differences among treatments

Effect of Moringa oleifera nano-extract on vegetative
traits of canola

M. oleifera nano-extract significantly improved all
recorded vegetative growth parameters, including leaf area,
plant height, number of leaves, and chlorophyll content.
The most robust response was recorded at 20% MNE
concentration (Table 5), where leaf area increased to
82.6£1.2 cm? and chlorophyll content reached 52.7+0.8
SPAD units, compared to 58.3£0.9 cm? and 34.1+1.0
SPAD in the control (p<0.001).

The observed increases in leaf area and chlorophyll
content can be attributed to the high chlorophyll biosynthetic
potential of M. oleifera bioactives, particularly ascorbate
and flavonoids, which prevent chlorophyll degradation and
promote chloroplast development (Khan et al. 2021).
Enhanced chlorophyll content results in improved light
absorption and increased photosynthetic activity, leading to
greater biomass production.

Moreover, the silver nanoparticles in the extract likely
facilitate nutrient absorption and regulate transpiration
efficiency, as reported in similar AgNP-based formulations
that increase stomatal conductance and enhance water-use
efficiency (Bruna et al. 2021). The increased number of
leaves and plant height supports the hypothesis that M.
oleifera nano-extract stimulates meristematic activity and
promotes shoot differentiation. From a mechanistic
perspective, the role of cytokinins and gibberellins in cell
division and internodal elongation is well documented (De
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Jong et al. 2014). These hormones are likely synergized
with AgNPs to activate transcription factors regulating
vegetative growth. As observed in comparative nano-priming
studies using algae- and humic-acid-based nanoparticles,
vegetative improvements are often accompanied by increased
activity of nitrate reductase and carbon assimilation
enzymes (Khalil et al. 2014; Abdelhameed et al. 2025).
Although direct evidence of AgNP uptake was not obtained
in this study, previous research (Behravan et al. 2019)
suggests that nanoparticles may enhance transport processes.

This treatment with 20% nano-M. oleifera extract
showed clear superiority in most of the tested vegetative
traits, recording the highest leaf area (82.6 cm?), number of
leaves (21.9 leaves) and plant height (52.7 cm)in addition
to the highest dry weight of roots and shoots (1.93 g) and
shoots (1.62 g), the plantation's dry weight was higher than
the control, which had the lowest values. M. oleifera extract
contains numerous active nutrients, including natural
phytohormones and antioxidants, that enhance photosynthetic
efficacy and promote cell division. Thus, this resulted in
improvement. The results in this work align with those of
Bruna et al. (2021), who confirmed that the use of plant
extracts leads to significant vegetative growth in many
plants due to increased nutrient uptake and activation of
biological processes. Therefore, M. oleifera extract is
confirmed to enhance the growth process of canola seeds.
UV-vis spectroscopy analysis of Moringa nano-extract
showed a maximum absorption at a specific wavelength of
249 nm, confirming the presence of organic compounds.
The peak absorbance at 435 nm indicates the surface
plasmon band, confirming the presence of NPs. As shown
in Figure 3.

Determining the optical properties of the nanoparticle

Our findings indicate that the highest absorption peak
occurs at 435 nm. This is consistent with the study by
Abada et al. (2024), which reported a similar peak from
plant extract-mediated silver nanoparticles, confirming the
successful synthesis of nanoparticles within the relevant
plasmon range of 400-450 nm.

Moringa oleifera leaf nano extract was prepared using
AgNOs silver solution. An X-ray diffraction (XRD) study
of the nano extract was performed. The results showed
uniformly distributed peaks, confirming the solid nature of
the nano extract. An X-ray diffraction study of the metallic
silver particles we synthesized revealed distinct peaks at 26
angles of 28°, 32°, and 38°. This confirms the characteristic
crystalline patterns of silver and silver oxides (Figure 4).

Table 5. Effect of Moringa oleifera nano-extract on vegetative traits of canola (mean + SE, n=3, p<0.05)

Extract (%) Leaf area Plant height No. of leaves Chlorophyll Shoot DW Root DW p-value
(cm?) = SE (cm) = SE +SE (SPAD) £ SE (g) £ SE (g) =+ SE

Control 58.3+0.9 14.2+0.8 3.0+0.1 34.1+1.0 1.12+0.04 0.95+0.03 -

5% 67.5+1.1 17.6+0.6 4.2+0.1 41.6x1.1 1.47+0.05 1.21+£0.04 <0.05

10% 74.2+1.3 19.3+0.7 4.8+0.2 46.8+1.2 1.69+0.06 1.39+0.05 <0.01

20% 82.6+1.2 21.9+0.5 5.3+0.2 52.7+0.8 1.93+0.06 1.62+0.05 <0.001

LSD (5%) 4.5 1.12 0.15 2.7 0.18 0.15
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Figure 4. The results of XRD analysis of the nanoparticles of Moringa oleifera leaves

Our results are consistent with those of Khalil et al.
(2014), who demonstrated the formation of nanoparticles
from a plant extract, as evidenced by clear peaks indicating
the presence of nanoparticles. In addition, the existence of
broad and sharp peaks reveals the precise nanosize of the
particles. As Moodley et al. (2018) also report, the broad
peaks in the XRD are due to the NP being less than 20 nm.
The size of the NP positively impacts biological efficacy
stability. Based on the values shown in this analysis, it can
be concluded that the nano preparation technique using
AgNOs was successful. Accordingly, published scientific
literature affirms that M. oleifera is a green and
environmentally friendly raw material that can be used to
produce nanoparticles, which can improve germination and
enhance the rate of plant growth and development. The
dimensions of silver nanoparticles were measured using a
scanning electron microscope in order to verify the
presence of the nanoparticle. The observed average particle
size was approximately 35 nm. The particle ranged from
29.24 nm to 41.21 nm. The shape of the particles appeared

spherical and semi-clustered. They were measured at a
magnification of 120,000X with an electrical potential
difference of 30.00kV, as shown in Figure 4.

Figure 5 Scanning Electron Microscopy (SEM) image
of silver nanoparticles synthesized using M. oleifera leaf
extract. Nanoparticles appear spherical and range in diameter
from 29.24 to 41.55 nm, with an average size of
approximately 35 nm. The image was captured at 120,000%
magnification and an accelerating voltage of 30.00 kV
using an FEI Inspect F50 SEM system. The working
distance was 6.5 mm, and the chamber pressure was
1.44x107* Pa. The scale bar represents 500 nm. Particle
size analysis and annotation were performed using the
software built into the SEM. The research results match
those reported by Khalil et al. (2014). When observed via
SEM, the nanoparticles were found to be less than 50 nm in
size, which increased the yield of the extracts. The smaller
the particle size, the more effective the improvement in
production efficiency.
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Figure 5. The nanoparticles under the scanning electron microscope (SEM)

Nanoparticle characterization and functional role

The small particle size (~35 nm) and crystalline structure
observed in SEM and XRD analyses likely contributed to
enhanced surface activity, foliar adhesion, and seed
penetration, resulting in improved nutrient delivery and
growth stimulation. Compared to previous bulk M. oleifera
applications (Khan et al. 2017), our nanoformulation
demonstrated stronger effects on germination and
chlorophyll content, likely due to improved bioavailability
of phytohormones and antioxidants at the nanoscale (Patra
and Back 2017; Moodley et al. 2018).

In conclusion, this study demonstrates that M. oleifera
leaf-derived silver nanoparticles, synthesized through a
green method, act as effective nano-biostimulants for
enhancing early growth and vigor in B. napus (canola). The
20% nano-extract treatment significantly improved seed
germination (92%), chlorophyll content (52.7 mg/g FW),
leaf area (82.6 cm?), and shoot biomass (1.93 g), with
increases exceeding 50% compared to controls. These
effects are likely driven by bioactive phytochemicals such
as zeatin and flavonoids, whose delivery is enhanced by
nanoscale formulation. Importantly, this approach offers a
sustainable alternative to synthetic agrochemicals by
requiring lower input volumes and reducing application
frequency, thereby minimizing environmental impact—an
important consideration for climate-resilient agriculture.
However, the findings are limited to greenhouse conditions,
with no bulk extract or AgNO; comparisons, and without
toxicity or environmental fate assessments. Future research
should address these gaps through field trials, comparative
studies, and risk evaluations to confirm the broader potential
of M. oleifera nano-biostimulants.
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