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Abstract: In this research, a novel synthesis of CaONPs has been developed via an environmentally friendly, green
method. Garlic extract (Allium sativum) was used as a green-reducing and stabilizing agent for CaONPs.
The average particle size of CaONPs was approximately 24.42 nm. The synthesized CaONPs were
identified by using Fourier transform infrared (FT-IR) spectroscopy, U.V.-vis spectrum, X-ray diffraction
(XRD), Field Emission-Scanning Electron Microscopy (FE-SEM), Transmission Electron Microscopy,
transmission electron microscopy (TEM), Energy Dispersive X-ray spectroscopy (EDX), Atomic Force
Microscopy (AFM), and zeta potential (Zp) analysis. The current study highlights the notable applications
for CaONPs. First, an antimicrobial assay revealed a high antibacterial and antifungal activity, with the
maximum zone of inhibition observed at different concentrations of CaONPs. Secondly, adsorbent for
CaONPs in an aqueous solution containing M*2 ions (Co, Ni, Cu). The removal percentages (R%) were Co
(11) 93.47%, Ni (11) 87.58%, and Cu (I1) 88.53%. Thirdly, the study of fenugreek under water stress revealed

that CaO-NPs positively enhance water stress tolerance.

1 INTRODUCTION

Green synthesis protocols used for synthesizing
(MONPs) have become recently drawn the attention
of researchers due to their lower cost, greater
credibility, and simplicity [1], [2]. CaONPs are safe,
non-toxic, environmentally friendly, and have a high
reputation across all elements because of their
stability [3]. Different sizes of CaONPs have been
synthesized using plant materials such as the leaves
of Trigon sp., which yielded nanoparticles with an
average size of 51.64 nm [4]. Piper nigrum with
47.08 nm [5], Moringa oleifera with 32.08 nm [6],
and Pistacia Atlantica with sizes ranging from 40-
130 nm [7].

Nanotechnology has demonstrated the potent
antibacterial ~ capabilities of  metal  oxide
nanoparticles (MONPs) [8]. Similarity investigations

have illustrated the antibacterial activities of metal
oxide nanoparticles [9], [10], [11]. Nanoparticles are
commonly employed in wastewater treatment due to
their large surface area and small size, which confer
strong adsorption reactivity and capacity [12], [13].
Moreover, MONPs have been extensively utilized in
agriculture to mitigate water stress, playing crucial
roles in signaling pathways, defense metabolism,
and regulatory activities [14], [15]. In this study, we
established protocols for the green synthesis of
CaONPs wusing garlic extract. The synthesized
CaONPs were evaluated for their applications,
including their efficiency as adsorbents for removing
Co (1), Ni (1), and Cu (I) from aqueous solutions,
and their effect on antibacterial activity.
Additionally, we investigated the impact of CaONPs
on enhancing fenugreek's (Trigonella foenum-
graecum L.) resistance to water stress.
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The use of plant-based extracts for the synthesis
of nanoparticles is an emerging area of interest due
to its sustainable and eco-friendly approach. Garlic
extract, in particular, has been recognized for its rich
bioactive compounds, which can act as reducing and
stabilizing agents in nanoparticle synthesis [16].
This method not only reduces the need for hazardous
chemicals but also aligns with the principles of
green chemistry. Furthermore, the adsorption
properties of CaONPs were analyzed to determine
their effectiveness in removing heavy metal ions
from wastewater.

This application is particularly relative given the
growing concerns about water pollution and the need
for efficient and cost-effective treatment methods.
The antimicrobial properties of CaONPs were also
examined, providing insights into their potential use
in medical and agricultural settings. Finally, the
study explored the role of CaONPs in enhancing the
water stress tolerance of fenugreek plants. This
aspect is crucial for developing strategies to improve
crop resilience under drought conditions, which is a
significant challenge in agriculture today. By
integrating nanotechnology with botany, this
research contributes to the development of
innovative solutions for sustainable agriculture and
environmental management.

2 MATERIALS TECHNIQUES
AND METHODS

2.1 Sample Collection

Deionized water (DI) was obtained from the
Chemical Lab, College of Education for Pure
Science / Ibn Al-Haitham - University of Baghdad.
Cobalt  sulphate  CoSO4,  copper  sulphate
pentahydrate  CuSO4-5H,0, nickel  sulphate
heptahydrate NiSO4-7H20, calcium sulphate CaSOsa,
and sodium hydroxide NaOH were purchased from
Merck, Germany. All chemicals were used without
further purification. Garlic was sourced from the
local market in Baghdad, Iraq. Fresh garlic bulbs
were cleaned with water to get rid of dust, peels, and
other contaminants, then dried at 37 °C and grated to
facilitate extraction. A 500 mL beaker was filled
with 20 g of garlic and 200 mL of deionized water.
The mixture was heated to 80 °C with continuous
stirring for 30 min. After cooling to room
temperature, the yellowish mixture was filtered to
remove impurities. The filtrate was then centrifuged
at 4000 rpm for 15 min to eliminate any remaining
fine suspended materials.

2.2 CaONPs Preparation by Garlic
Extract with CaSO4

Calcium Sulphate CaSO. 4g was dissolved in 100
mL of deionized water at a concentration of 0.1M in
a beaker with a volume of 500 mL, to which 100 mL
of garlic fruit extract that had previously been
prepared gradually at a temperature of 90 °C was
added with continuous stirring, gradually add drop
by drop a solution of sodium hydroxide with a
concentration of 1M through the dissolution of 2 g
of NaOH in 50 mL of deionized water until the pH
reaches 12. The solution was left for 48 h, to form a
light brown precipitate. The precipitate was
separated using a centrifuge (4000 — 4500 rpm), then
filtered and washed with deionized water and hot
ethanol. after that it was dried by using an electric
oven at a temperature of 300 °C for 15h, leaving a
white powder as shown in Figure 1.

2.3 Instrumentation Techniques

An electronic balance (A 220/C/1 model), PLC
centrifuge (4000 — 4500 rpm, FAITHFUL), electric
oven, water bath with shaking (SCL F), pH tape, and
a UV-Vis spectrophotometer (160/UV, Shimadzu)
were utilized in this study. The FT-IR studies were
conducted using a Shimadzu 8500S spectrometer in
the range of 400 — 4000 cm-1 at Baghdad
University. (XRD) analysis was performed using a
Holland/Phillips system at the laboratory center of
Baghdad. (FE-SEM) was carried out using a 300 Hv
system (Germany-Z. S). Energy (EDX) and (TEM)
(EMIOC-100Kv, Germany) were conducted at
Kashan University, Iran. (AFM) (Nano surf AG.
Liestal, Switzerland) was performed at the College
of Science/ University of Baghdad, and Zeta
potential measurements (14011201, Mahamax -
45184- Zeta-03 nzt) were also conducted at Kashan
University, Iran. Two reference  bacteria,
Staphylococcus aureus (G+) and Escherichia coli
(G-), were used to examine the synthesized
CaONPs, as well as the fungal species Candida
albicans, using the diffusion method and nutrient
media, including Mueller Hinton Agar (MHA) and
Potato Dextrose Agar (PDA).

2.4 Types of Bacteria and Fungi

Two strains of bacteria and one fungal species were
used in the studies: Gram-negative Escherichia coli,
Gram-positive Staphylococcus aureus, and the
fungal species Candida albicans. The disc diffusion
method was performed using nutrient media,
specifically, Mueller Hinton Agar (MHA) for
bacterial studies, and the same method was applied
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for antifungal activity. The CaONPs were prepared
using garlic extract and tested at different
concentrations, ranging from 2 to 0.25 mg/mL.
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Figure 1: Preparation steps of CaONPs using garlic
extract.

2.5 Adsorption Studies

In this study, the effect of metal ions (I1) such as Co,
Ni, and Cu on CaONPs showed promising results.
Co0S04, NiSO4-7H20, and CuS0O4-5H,0 were used
as the sources of these ions, each at a concentration
of 12.5 mg/L. In each experiment, 0.1 g of CaONPs
was mixed with 12.5 mg/L of each metal ion in a
tube and agitated using a shaker water bath at 35 °C
with a rate of 120 rpm and pH 6. The initial
concentrations of (M: Co, Ni, and Cu) were taken
from synthetic metal ion solutions. After adsorption,
the samples were filtered by centrifugation, and the
liquid was analyzed for these metal ions using a UV-
visible spectrophotometer.

Figure 2: Color change solutions of CaSO4 and bio-
redactor of Garlic (Allium Sativum) extract a) Turbid,
b) Milky, c) Pale yellow, and d) CaONPs powder.

The experimental design layout was applied in
the execution of each experiment. The formula was
used to calculate the adsorbent's removal efficiency,
or

R%. [17, 18]. R% = 1004Co-Ct)/ Co. (1)

Where Co and Ct (mg /L) are the initial
concentration and concentration at time 10-80 min.
R: represents the percentage of adsorption of nickel,
copper, and cobalt ions.

2.6 Pots Experiment

The experiment was performed as a factorial
experiment in a plastic house belonging to the
Biology Department, College of Science, Al-
Mustansiriyah University. The study aimed to
reduce the adverse effects of water stress,
represented by three irrigation periods, on the
fenugreek crop using different concentrations of
calcium oxide nanoparticles (CaONPs). Ten seeds
were germinated in plastic pots containing 5 kg of
soil, and the harvest was taken 70 days after planting
to study vegetative growth, vyield, and some
antioxidant concentrations. The treatments included
T1 (5-day irrigation period), T2 (10-day irrigation
period), T3 (15-day irrigation period), T4 (T1 + 50
mg/L CaONPs), T5 (T1 + 100 mg/L CaONPs), T6
(T2 + 50 mg/L CaONPs), T7 (T2 + 100 mg/L
CaONPs), T8 (T3 + 50 mg/L CaO NPs), and T9 (T3
+ 100 mg/L CaONPs).

The parameters studied were plant weight (cm),
dry weight (g), number of pods, seed weight (g),
proline concentration (ug/g) [19] salicylic acid (SA)
concentration (ug/mL) [20], ascorbic acid (ASA)
concentration (mg/100g) [21], and a-tocopherol (a-
TOC) concentration (ug/g) [22]. Three replicates
were used in a completely randomized design
(CRD), and the least significant difference (LSD)
test was utilized to statistically evaluate the data at a
5% probability level [23].

3 RESULT AND DISCUSSION

An aqueous extract of garlic was used with CaSO4.
The changing color of the solutions is shown in
Figure 2. Initially, the solution was turbid Figure 2a,
which then turned milky Figure 2b, and
subsequently became pale yellow Figure 2c. The
final product was a white powder of CaONPs
Figure 2d.

3.1 FT-IR Spectroscopy

FT-IR was used to identify CaONPs as shown in
Figure 3. Peaks located at 540.07, 497.64, and
466.78 cm™, confirming the formation of CaONPs
[6]. Peaks were observed at 659.66 and 567.08 cm-1
for A. sativum crude extract [24].

3.2 UV-Visible Absorption
Spectroscopy Analysis

UV-vis spectrum confirmed the presence of CaONps
as shown in Figure 4 at 248nm. The following
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equation was used to determine the energy gap band.
Eg = 1239.83 / L. Lambadi peak absorption is
represented A, and the bulk band, Eg, is given in eV
as follows: Eg = 1239.83 / 248 = 4.99 eV [25], [26].
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Figure 4: UV-vis spectrum of CaONPs.

3.3 X-Ray Diffraction

Further proof of the product CaONPs over the
diffraction angle (20) range of 20° - 80°. Figure 5
shows the peaks observed at 20 = 38.74° (111),
42.99° (200), 63.12° (220), 75.32° (311), and 80°
(222). The average size (D) of the synthesized
CaONPs was determined to be 24.42 nm by
applying the Scherrer equation to measure the
crystallite size. The polycrystalline and monophasic
cubic structure of CaONPs, as character by the XRD
pattern, is revealed by the sharp peaks. The crystal
structures and the provided JCPDS data (JCPDS
powder diffraction data card No. 77-2376) are in
good agreement. Miller indices are shown in
Table 1. The diffraction peaks' line broadening
suggests that the CaONps are in the nanometer
range. The products had good crystallinity, as

evidenced by the distinctive peaks' lower spectral
width and higher intensity. The final results of
synthesized products are high-quality CaONps, as
indicated by the absence of peaks related to
contaminants [27].
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Figure 5: XRD pattern of CaONPs.

Table 1: Summary of XRD data analysis for CaONPs.

Pos. | Height | FWH d- Tip | Matche-
[°28] [cts] -M spacin | widt- d
28] | g h by
[Al_| [26]
38.74 | 6449 | 029 |232 0.35 | 29.81
4249 | 7127 | 034 | 212 0.41 | 25.86
63.12 | 2104 | 0.39 147 0.47 | 24.75
75.32 | 2505 | 039 [1.26 0.47 | 26.65
79.94 | 2084 | 0.72 1.23 0.86 | 15.05

3.4 Morphological Study

FE-SEM and TEM images are shown in Figure 6,
and Figure 7, respectively. In the FE-SEM images of
CaONps, a variety of shapes such as tubes, cubes,
and flowers, with several spaces between
nanoparticles were observed. The mean size of the
particles is 24.20 nm. This represents the size and
morphology of the synthesized CaONPs [28].

Figure 6: FE-SEM image of CaONPs.
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Figure 7: TEM image of CaONPs.

3.5 Energy Dispersive X-Ray
Spectroscopy

In general, EDX is used to identify the chemical
composition, as shown in Figure 8. The EDX
spectrum of CaONPs showed a strong peak for
calcium and a medium peak for oxygen, proving that
there are no observable impurities in the calcium,
which indicates it is chemically pure. The presence
of Au is also confirmed by the EDX, which may
have resulted from the usage of the standard and
sample preparation for SEM-EDX analysis. [29].
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Figure 8: EDX composition spectrum of CaONPs.

3.6  Atomic Force Microscopy

The AFM offers visualization and analysis in three
dimensions, revealing that the nanoparticles' size is
in good identical to the data obtained from FE-SEM
and TEM. The AFM histogram and statistical
particle analysis of CaONPs powder with
topography parameters, and 3D AFM images of the
nanoparticles indicating the pyramid-like grains are
presented in (Figure 9, and Figure10) [30] .

150 = Projected Area

] Smal
] Medium
& Large

100

50

0 ~

A * 160 v > r £ry

Mean Diameter

Figure 9: AFM histogram and statistical particle analysis
of CaONPs powder.
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Figure 10: 3D AFM surface structure images of CaONPs.
3.7 Zeta Potential of CaONPs

Figure 11, depicts, the Zeta potential of CaONPs,
with a value of -20.5 mV * 2.3 mV. The high level
of stability values of the CaONPs produced are
highly charged particles, indicated by the high zeta
potential values, which in turn prevents aggregation
and agglomeration due to their large repulsion
force [31].
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Figure 11: Zeta potential values of CaONPs.

3.8 Antibacterial Study

Using the agar well diffusion method, the
antibacterial effectiveness of CaONPs was assessed
against Escherichia coli, Staphylococcus aureus, and
the fungal species Candida albicans. The outcomes
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show that the HCI dilution negative control did not
exhibit an inhibition zone, indicating that the control
in its natural state, devoid of nanoparticles, exhibited
no antibacterial activity. When the concentrations of
the CaONPs sample (A) were 2, 1, 0.5, and 0.25
mg/mL, it was found out that at all these
concentrations, the CaO nanoparticles caused a
growth delay in all microorganisms. Higher
antibacterial activity was observed in the range of 35
— 39 mm at different concentrations from 2 to 0.25
mg/ml [32]. All these results and the diameters of
the inhibition zones are represented in Table 2.

Table 2: Shows the diameters of the inhibition zones in
mm of CaONPs sample in different concentrations.

CaONPs D1 D2 D3 D4
Sample

Concentrati | 2mg/m | 1mg/m | 0.5mg/m | 0.25mg/m
on L L L L

Micro Diameter of inhibition zone (mm)
organisms'

type

S.auras 39 37 38 35

E. Coli 35 32 31 28

C. albicans | 25 22 19 17

3.9 Adsorption Study

According to the results, CaONPs demonstrated
effective removal of various divalent metal ions,
specifically cobalt, nickel, and copper, from a
solution of distilled water, as shown in Figure 12.
The percentage of ions removed by CaONPs
decreased from 95.90%, 87.33%, and 89.02% after
10 min to 91.86%, 86.92%, and 88.40%,
respectively, indicating the number of active sites
available on CaONPs. During the first 80 min of the
adsorption process, the sites on CaONPs gradually
became saturated. The removal efficiencies (R%) for
the divalent metal ions of cobalt, nickel, and copper
were higher, with values of 93.47%, 87.58%, and
88.53%, respectively [33].

3.10 Study of The Impact of Water
Stress on The Growth of Fenugreek
at Current CaONPs
Concentrations

The results in Table 3, shows a significant effect of
(irrigation periods) and water stress on reduced plant
height, dry weight, number of pods, and seed

weight. When spacing irrigation periods from 5 days
(T1) to 15 days (T3), these parameters decreased by
27.95%, 55.61%, 59.26%, and 37.67%, respectively.
Furthermore, CaONP spraying mitigated the harmful
effects of water stress by increasing the vegetative
growth parameters and yield contents mentioned
above. Specifically, in the T3 treatment, the usage of
(50 mg/L of CaONPs) (T8) resulted in significant
increases of 15.60%, 62.63%, 63.64%, and 28.76%,
respectively. Additionally, the usage of (100 mg/L
of CaONPs) (T9) rendered in significant increases of
23.93%, 68.69%, 54.55%, and 37.73%, respectively.

0.00 B

t/min

Figure 12: Represented of adsorption of cobalt, nickel, and
copper metal ions with CaONPs, garlic extract, and
calcium sulphate.

Table 3: Effect of water stress and CaONPs on vegetative
growth and yield of fenugreek.

Treat. Plant Dry Pods Seeds
height (cm) | weight (g) | No.(pod) | weight (g)

T1 38.97 2.23 13.50 6.08
T2 30.62 147 7.50 4.28
T3 28.08 0.99 5.50 3.79
T4 41.56 2.45 15.50 6.40
T5 43.94 2.68 16.50 6.79
T6 36.98 1.84 9.50 5.79
T7 37.26 2.15 12.00 5.92
T8 32.46 151 9.00 4.88
T9 34.80 1.67 8.50 5.22
LSD

(0.05) 1.70 0.27 1.63 0.18

The results in Table 4, showed an increase in
antioxidant concentration with increasing water
stress. The T3 treatment yielded high values of
proline, salicylic acid, ascorbic acid, and o-
tocopherol, with rates of 172.47%, 161.75%,
62.44%, and 64.85%, respectively, compared to the
T1 treatment (control). When CaONPs were
sprayed, there was a significant decrease in the
average antioxidant concentrations mentioned
above, especially in the T3 treatment. The usage of
(50 mg/L of CaO NPs) (T8) resulted in significant
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decreases of 35.87%, 44.14%, 16.69%, and 17.87%,
respectively. Similarly, the usage of (100 mg/L of
CaONPs) (T9) resulted in significant decreases of
50.97%, 53.88%, 22.34%, and 35.59%, respectively.

Table 4. Effect of water stress and CaONPs on
antioxidants.

Proline

Salicylic Ascorbic a-
Treat. (Mg.0- acid acid tocopherol
1) (ng.ml-1) (mg.100g-1) (Mg.9-1)

T1 3.96 2.51 55.75 42.10
T2 8.41 4.35 80.28 60.50
T3 10.79 6.57 90.56 69.40
T4 2.19 1.47 50.29 37.90
T5 1.98 1.20 42.52 34.20
T6 4.98 2.75 64.53 49.70
T7 3.19 2.52 62.47 44.40
T8 6.92 3.67 75.45 57.00
T9 5.29 3.03 70.33 44.70

LSD

(0.05) 0.77 0.66 3.45 9.92

Drought is an environmental factor that
decreases plant growth and yield. Many studies have
shown that drought negatively affects morphological
growth (plant height, leaf area, root development,
branch number, and biomass accumulation),
metabolic processes (photosynthesis and
respiration), and productivity [34]. The reduction in
morphological and physiological characteristics and
yield may be due to a decrease in water content in
plant tissues, reduced leaf area and chlorophyll
concentration, and ultimately a decreased
photosynthetic rate and protein synthesis [35].
Furthermore, drought can alter the plant's CO;
metabolism by decreasing Rubisco inactivation,
RuUBP regeneration, and stomata open system [36].
Recent studies have shown that water deficits in
plant tissues reduce yield by affecting flowering
time and causing pollen grain sterility [37]. In
addition, water stress increases reactive oxygen
species (ROS) and accumulates proline in cells [38].

Plants respond by producing secondary
compounds like phenols and stimulating enzymatic
and non-enzymatic antioxidants to scavenge ROS
[39]. Nanoparticles (NPs) enhance the effectiveness
of the antioxidant system in different plants by
reducing ROS in plant tissues or increasing the
concentration of  photosynthetic pigments
(anthocyanins and B-carotene) to improve growth
and yield. Moreover, NPs can alter metabolism
beyond the physiological and biochemical levels,
potentially inducing the gene expression of
antioxidant biosynthesis [40].

In this research, CaONPs played a positive role
in water stress tolerance by enhancing
morphological growth, resulting in greater plant
height, dry weight, and improved vyield content.
Foliar application of CaO ameliorated the harmful
effects of drought by enhancing proline
accumulation and reducing antioxidant
concentrations  (SA, ASA, and a-TOC).
Additionally, CaONPs positively affected plant
growth at morphological, physiological,
biochemical, and molecular levels, thereby
increasing drought stress tolerance [41].

4 CONCLUSIONS

Allium  sativum  (garlic extract) has been
successfully used to synthesize CaONps via the
biosynthesis method. FT-IR and UV-visible spectra
confirmed the presence of CaO bonds, with a peak
centered at 245 nm and an energy gap (Eg) of 4.99
eV. XRD analysis of CaONPs shows a monophasic
cubic structure with an average crystallite size of
24.42 nm. FE-SEM and TEM images reveal a
variety of shapes, such as tubes, cubes, and flowers.
EDX peaks indicate the presence of Ca and O peaks.
AFM provides 3D images of nanoparticles, showing
pyramid-like grains indicative of the presence of
CaONPs. The Zeta potential value of -20.5 mV
indicates highly charged particles.

CaONPs demonstrated antimicrobial activity,
with inhibition zones ranging from 25 to 39 mm,
indicating strong inhibition against the growth of S.
aureus, E. coli, and the fungal species Candida
albicans. CaONPs effectively removed Co (lI), Ni
(1), and Cu (II) from aqueous solutions, with yields
of 95.90%, 87.33%, and 89.02% after 10 min, and
91.86%, 86.92%, and 88.40% after 80 min,
respectively. The adsorption efficiencies (R%) were
93.47%, 87.58%, and 88.53%, respectively. The
study of water stress in fenugreek (Trigonella
foenum-graecum L.) shows that CaONPs have
positive growth-promoting effects on the growth of
fenugreek.
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