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Abstract

This study examined the influences of spraying nano zinc and coconut milk and their interplay on growth, flowering and chemical indicators on
Petunia grown in a lath house over the 2022 growing season. During the experiment, two factors were studied: spraying nano zinc (Z) at 10 and 20
mg L concentrations and spraying coconut milk (C) at concentrations of 10, 20 and 30 %. Additionally, distilled water was sprayed as the control
treatment for both factors. All of the traits examined were significantly impacted by nano zinc spraying, the greatest results for the attributes were
obtained at a concentration of 20 mg L* (Z,), including (plant height, number of branches, leaf area, flowers number, flower diameter, flower
weight, total chlorophyll, total carbohydrates, nitrogen, Phosphorus and potassium). Conversely, the coconut milk spraying treatments
significantly impacted all the attributes examined except flower weight. The highest values for the traits were obtained with the 20 % (C,)
treatment, including (plant height, number, leaf area, flowers number, flower diameter, total chlorophyll and total carbohydrates). In contrast, the
concentration of 30 % (Cs) achieved the best results for the traits (nitrogen, phosphorus and potassium). These results demonstrate the potential
of combining nano zinc and coconut milk as an eco-friendly biostimulant strategy for ornamental crops.
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Introduction improvement in plant productivity and quality. This improvement
is achieved through precise control of nutrient release, ensuring
that plants receive the required amount at the right time. The
benefits can be accurately measured by monitoring measurable
parameters, such as plant growth rates, biomass accumulation of
those plants and their efficiency in absorbing various nutrients (7).
Whether applied to the vegetation or as part of the soils’ nutrition,
nano fertilisers are essential for effectively feeding plants. This is
because they enhance the photosynthesis process by raising the
leaves' chlorophyll content. In addition, they make crops more
resilient to stress and disease, preserve the genes needed to
produce various crops and enhance the amount of active
substances in the plant (8, 9). Zinc is essential for growth because it
helps produce the amino acid tryptophan, which is a component
of the hormone auxin and directly affects the elongation and
growth of plant cells (10, 11).

Petunia hybrida is one of the most widely cultivated ornamental
plants in Irag. It is an annual plant with an herbaceous or
pedunculated stem; its leaves are opposite or alternate, simple in
form and big, funnel-shaped, abundant and multicoloured.
Autumn and springtime seeds allow petunias to grow and are
deemed inappropriate to be picked. It grows well in semi-shaded
and sunny areas (1). Petunias grow slowly when planted in
situations with short days and the final plants are short, with a
profusion of branches and very short internodes. When planted in
an environment with lengthy days, the principal branch is longer
and less branching, with the lengthening internodes (2, 3). Foliar
application effectively supplies nutrients to plants, particularly
micronutrients, which improves fertilising efficiency. It also helps
to lessen the quantity of lost elements and the likelihood that they
will be fixed in the soil (4). The soils’ high levels of salt and lime are

among the most significant factors that promote the use of foliar Zinc plays animportant role in the formation of the plasma
spraying of plants (5). membrane of plant cells and is involved in many cellular processes

that take place within the plant (12). It also contributes to the
enzyme carbonic anhydrase, which is a cofactor in photosynthesis,
leading to an increase in the amount of energy molecules and
carbohydrates produced by photosynthesis in the leaves (13). Zinc
deficiency in plants reduces food production through
photosynthesis by 50-70 % depending on the plant species and
the level of deficiency, which may cause an impairment in protein
production as a result of a decrease in the number of formed
ribosomes and the concentration of RNA (10). Zinc also enhances

The term nanotechnology refers to precise manipulation
at the nanoscale, which encompasses not only mechanical
processing but also chemical, physical and biological approaches,
making it broader than being limited to mechanical processing
alone. Nanotechnology allows fertilisers to be used in lower, more
efficient and controlled doses, enhancing plant nutrition without
the need to increase application rates (6). The use of nano-
fertilisers  will undoubtedly contribute to a significant
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the ability of plant roots to absorb minerals from the soil, thus
increasing the plants’ mineral content. Furthermore, zinc
contributes to regulating the acidity of chloroplasts, prevents
changes in protein properties and activates several essential
enzymes, including carbonic anhydrase and enolase (14). Zinc also
has varying effects on the metabolism of produced carbohydrates
and these effects are closely related to the systems that convert
sugar forms (15). Zinc also controls protein synthesis in plants
through its clear effect on ribonucleic acid (RNA) (16). This may be
because zinc is important for phosphorylation and glucose
formation during starch synthesis in plants (17). Zinc is also
necessary for RNA synthesis and protein synthesis and it
contributes to nitrogen transformations (18). Zinc also plays a role
in cell membrane growth and function, which contributes to
influencing various parts of the plant, such as growing roots (19).
Zinc deficiency clearly affects cell membranes and also impacts
the movement and transport of many chemicals within
developing roots, including phenols, sugars and various amino
acids. This, in turn, affects plant growth and reproduction (20).

Modern research has increasingly focused on using plant
extracts as a safe and sustainable alternative to industrial
materials. These natural extracts are biodegradable and
environmentally friendly, leaving minimal or no adverse effects on
humans and ecosystems. By evaluating measurable parameters
such as toxicity levels, biodegradability rate and ecological impact,
the benefits of plant-based materials can be accurately quantified,
as well as increasing the plants’ resistance to disease and insect
infection (21). The liquid endosperm of Cocos nucifera L. is known
as coconut milk. It has a variety of physiologically active
substances in it, particularly growth regulators like auxin,
gibberellin, cytokinins and salicylic acid, as well as the compounds'
natural regulators and inhibitors, including ethylene, abscisic acid,
flavonols and phenols. Additionally, it has many minerals and free
amino acids, which help the development of plant vegetative and
flowering (22). Research indicates that foliar application ( of
coconut milk) improves plant growth parameters (23). Coconut
milk contains reduced nitrogenous compounds, including amino
acids and amides (24). Research indicates that many components
of coconut milk have been isolated, the most important of which
are cytokinins (25). This study aims to investigate the effect of nano
zinc and coconut milk on enhancing Petunia plant traits, including
vegetative growth, flowering and chemical composition. It also
aims to reveal the ability of these treatments to improve
measurable parameters such as the number of flowers, total leaf
area, chlorophyll content of developing leaves and accumulation
of nutrients within plant organs. Nano zinc activates
photosynthesis and enzymes important for growth, while the milk
in coconut fruit contributes to providing many minerals and
organic compounds that activate metabolic processes taking
place within plants. The interaction of the two study factors differs
from previous studies that investigated the effect of nano-fertilisers
alone or in combination with separate natural stimulants, which

Table 1. Some chemical and physical properties of soil

2

positively affect growth and increase plant productivity. Our study
also aims to investigate the effect of the two study factors on
specific aspects, such as plant growth, increasing the number of
flowers and improving the resistance of the plants under study to
various stresses, an aspect that has not been adequately
addressed by researchers in their previous studies. Therefore, this
research largely represents a distinctive scientific contribution to
understanding the interaction between nano-fertilisers and
natural plant stimulants and their impact on improving various
sustainable agriculture strategies. This study hypothesises that
foliar application of nano zinc and coconut milk, individually and in
combination, enhances the growth, flowering and biochemical
properties of Petunia hybrida through synergistic physiological
effects.

Materials and Methods
Soil properties

The experiment was carried out in the lath house belonging to the
Department of Horticulture & Landscape Gardening at College of
Agriculture, University of Anbar, which is situated in the city of
Ramadi, Anbar Governorate, Iraq, at nearly latitude 33.35 °N and
longitude 43.79 °E to study the impact of spraying with nano zinc,
coconut milk and their interplay on the parameters of growth,
flowering and chemical content of Petunia plant. Table 1 shows
some of the properties of the soil.

Treatments

Spraying with the nano zinc (Z) at three concentrations: Z
(spraying with distilled water), Z; (10 mg L) and Z, (20 mg L?). The
experiment used nano-zinc manufactured by Sigma-Aldrich (Saint
-Louis, MO, USA) with a particle size of approximately 40 nm. To
facilitate the dissolution of nano-zinc when preparing the required
concentrations. Spraying with the coconut milk (C) at four levels: G
(spraying with deionized water), C; (10 %), C; (20 %) and C; (30 %).
The milk was extracted from mature coconuts and then diluted
with distilled water according to the concentrations established in
the experiment. The plants were sprayed with a 2 L sprayer until
they were thoroughly covered. In order to minimise the surface
tension of the spray solution molecules and enable the plants to
absorb most of the sprayed solutions, liquid soap was added as a
dispersant at a rate of 0.1 ml L. The research components were
sprayed on the plants four times (5 Dec 2021, 5 Jan 2022, 5 Feb
2022 and 5 Mar 2022), ensuring an interval of 48 hours between
consecutive spraying applications.

Experimental design

A randomised complete block design was used to conduct a two-
factor study. The experiment was divided into three blocks, with
twelve treatments per block. Five plants were used per
experimental unit, making a total of 180 plants used in the
experimental study. The data were calculated at the repeater level
by taking the average of the five values within each experimental

P Av. mg Kg* Total N % CaCo0s g Kg* Bulk density g cm? 0.M % ECds m* pH
1.25 0.04 148.56 1.24 131 1.46 7.82
Cl HCOs™ COs™ Na* Mg** Ca™ K Av.
Mg L? Mq L? Mg L*! Mg L*! Mg L*! Mg L*! mg Kg!
1.53 1.68 ND 0.20 4.64 5.36 63.49

Texture Clay Silt Sand SO
gKg* gKg* gKg* MqL*
Sandy 25.0 184.7 790.3 2.90
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unit.
Plant parameters

Plant height (cm) was determined from the base of the stem to the
maximum level of the plant using a measuring scale. For No. of
branches (branches plant '), the lateral branches formed on each
plant were recorded. Leaf area was measured using a LI-COR
LI-3100 C Leaf Area Meter. Ten fresh leaves were randomly taken
from each plant and passed individually through the meter. The
average was taken and the values recorded. The total leaf area was
then calculated by multiplying the number of leaves per plant by
the average leaf area for that plant. The values were fixed in cm?,

The number of flowers that opened on each plant was
recorded from the onset of flowering until the end of the
experiment. Flower diameter (cm) was measured at the widest
point of the flower using a digital vernier calliper. Measurements
were taken on five flowers per plant and the mean value was
recorded. The weight of the whole flower, including the stalk, was
gauged using a sensitive electronic balance with an precision of
0.001 g. Five flowers per plant were gauged and the mean weight
was registered.

Total chlorophyll content in leaves

Nearly 0.1 g of fresh leaf tissue was crushed in a ceramic mortar
with a appropriate amount of 80 % acetone until a light green
extract was acquired, as per the standard procedure (26). The
extract was strained and the volume modified to 10 mL.
Absorbance was assessed at 645 and 663 nm using a
spectrophotometer. Total chlorophyll was estimated as per the
formula in Equation 1. The results were administered in mg per
100 g fresh weight.

Total chlorophyll =(20.2 x A645) + (8.02 x A663)

Total carbohydrate content in leaves

(Egn.1)

Roughly 0.5 g of dried, crushed leaf sample (oven-dried at 65 °C)
was extracted with 100 mL of deionized water, stirred for 24 h and
clarified. A 1 mL aliquot of the extract was blended with 5 mL of 5
% phenol solution and 5 mL of undiluted H,SO,, then placed in a
heated water at boiling point bath for 30 mint. Absorbance was
assessed at 485 nm using a spectrophotometer and carbohydrate
content was assessed using a glucose standard calibration curve
(27).

Macroelements contentin leaves

Leaf samples were cleaned with water to eliminate dust and
desiccated in an oven at 65 °C until stable weight. Samples were

crushed and sieved through a 0.2 mm mesh. About 0.2 g of
desiccated sample was digested with 5 mL of 98 % concentrated
sulfuric acid. After collecting a clear solution, the samples were
tempered and adulterated to 50 mL with deionized water.
Nitrogen was determined using the semi-micro Kjeldahl method,
phosphorus was calculated spectrophotometrically and
potassium was measured using a flame photometer (28-30).

Statistical analysis

The Genstat version 12 software was used to statistically analyse
the data and means were compared at a significance level of 0.05
by using the least significant difference (LSD) test (31).

Results
Growth traits
Height of the plant

The findings show that nano zinc spraying was a significant factor
in the variations in plant height (Fig. 1). The spray treatment (Z)
achieved the highest plant height, reaching 17.37 cm, while the
treatment (Zo) showed the lowest height at 13.35 cm. Furthermore,
spraying coconut milk on the foliage improved plant growth
characteristics, particularly with a 20 % concentration (G) of the
extract, which increased the height to 16.61 cm. The height
decreased with the non-spraying treatment (Co), which recorded
the lowest plant height at 14.67 cm. Table 2 shows the significant
effect of the interaction of the two study factors, as the treatment
(2:C;) achieved the highest height of 19.24 cm, while the treatment
without spraying with both study factors (ZCo) achieved the
lowest value of the studied trait, reaching 11.74 cm.

Number of branches

The results of the statistical analysis in Fig. 2 show that spraying
zinc in nano-form significantly affected the number of branches in
plants; the treatment (Z,) showed a value that reached the highest
level of 6.19 branches plant?, while the treatment without spraying
with nano-zinc (Zo) recorded the lowest value for the number of
branches, which reached 5.40 branches plant’. Spraying the
second study factor, which is coconut milk, showed a clear
significant effect, as the highest value appeared in the treatment
(Z3), reaching 6.11 branches plant?, while the non-spraying
treatment (Zo) recorded the lowest number of branches, reaching
5.64 branches plant™. The results of Table 2 show a statistically
significant interaction trend between the two study factors, with
the highest value occurring with treatment (ZC,) and achieving
6.82 branches plant?, whereas the treatment without spraying

Table 2. Interaction effects of nano zinc (Z) and coconut milk (C) on growth and flowering traits of Petunia hybrida L.

Nano Coconut  Height of plant Number of branches Leavesarea  Number of flowersFlower diameter  Flower
Zinc (2) Milk (C) (cm) (branch plant?) (cm? plant?) (flower plant) (cm) weight (g)
Co(0%) 11.74 5.28 635.49 134.82 7.46 2.57
Zo C1(10 %) 12.43 5.40 642.78 135.66 8.69 3.06
(0mglL?) C2 (20 %) 13.87 5.44 667.26 137.35 8.87 3.34
Cs (30 %) 15.35 5.71 689.70 135.47 7.53 2.92
Co (0%) 15.45 5.47 695.54 139.12 8.17 3.43
Z, C1(10 %) 15.36 6.14 692.63 143.41 8.72 3.58
(10 mgL?) C2(20 %) 16.72 6.05 703.81 142.50 8.56 3.25
Cs(30 %) 17.74 6.27 722.03 144.68 8.79 3.34
Co (0 %) 16.82 5.93 694.56 141.27 7.84 3.74
Z; C1(10 %) 17.30 6.30 718.16 144.98 8.43 3.48
(20 mg L?) C2(20 %) 19.24 6.82 752.73 149.85 9.20 3.85
Cs(30 %) 16.13 5.69 701.97 138.16 10.02 3.60
LSD 5% 1.92 0.48 34.18 4.73 1.12 N.S

LSD: Least significant difference; NS: Non-significant
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Fig. 1. Effect of nano zinc (Z) and the coconut milk (C) on the height of plants of Petunia hybrida L.
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Fig. 2. Effect of nano zinc (Z) and coconut milk (C) on the number of branches of Petunia hybrida L.

with the two study factors (ZoCo) recorded the least value of 5.28
branches plant ™.

Leaves area

The Leaves area exhibited a notable advantage with the foliar
spraying of nano zinc (Z), reaching a maximum value of
716.61cm? plant™, while the non-sprayed treatment (Zo) saw a fall
in value to 658.81 cm? plant™ (Fig. 3). Moreover, the coconut milk
foliar spraying considerably impacted on the characteristic
under study, C; and C; treatments yielded the highest value of
707.93 and 704.56 cm? plant?, respectively, while the treatment
(C0) showed the lowest rate, at 675.19 cm? plant™. The treatment
(Z2C,) stood out with the highest value of 752.73 cm? plant™, while
the control treatment (ZoCo) had the lowest value at 635.49 cm?
plant?, indicating that the interplay between the study traits had
asubstantial influence (Table 2).

Flowering traits
Number of flowers

As shown in Fig. 4, the results show that foliar spraying with nano
zinc significantly affected the number of flowers; treatment (Z)
had the maximum content, recording 143.81 flowers plant?,
while treatment (Zo) had the lowest value, 135.82 flowers plant™
Reaching 142.90 flower plant?, treatment (C;) had the highest
value for spraying coconut milk and treatment (Co) had the
lowest value, with 138.40 flower plant™. The results indicate that
there was a two-way interaction between the nano zinc and

coconut milk at treatments (ZC,) of 149.85 flower plant?,
whereas treatment (ZoCo) produced the minimal flowers at
134.82 flower plant™® (Table 2).

Flower diameter

Fig. 5 illustrates the considerable impact of nano zinc spraying
treatments on flower diameter; treatment (Z) exhibited the
maximum value of 8.87 cm, whereas treatment (Z,) displayed the
lowest value of 8.14 cm. Coconut milk spraying on plants showed
a significant effect, with treatment (C;) giving the largest flower
diameter of 8.89 cm, while treatment (Co) not spray the extract on
plants, showed the lowest diameter, which decreased to 7.83
cm. A statistically significant two-factor interaction was found
between nano zinc and coconut milk; treatment (ZGCs)
significantly increased the plant height, measuring 10.02 cm,
whereas treatment (Z,Co) produced the lowest value, measuring
7.46 cm (Table 2).

Flower weight

The studied trait was significantly affected by nano zinc spraying;
according to the data, treatment (Z;) had the highest levels of
influence, reaching 3.67 g, while treatment (Z) had the lowest
value, 2.97 cm (Fig. 6). On the other hand, the result showed no
significant effects in the flower weight by spraying with coconut
milk and the interaction between the two factors of the study
(Table 2).
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Fig. 5. Effect of nano zinc (Z) and coconut milk (C) on flower diameter of Petunia hybrida L.

Table 3. Interaction effects of nano zinc (Z) and coconut milk spray (C) on the chemical traits of Petunia hybrida L.

Nano zinc (2) Coconut  Total chlorophyll (mg100 Total carbohydrate  Nitrogen Phosphorus Potassium
Milk (C) g') (%) (%) (%) (%)
Co (0 %) 11.42 9.02 2.46 0.27 1.73
Zo C1 (10 %) 11.86 10.21 2.45 0.31 1.69
(0mglL?) C2 (20 %) 12.45 10.82 2.43 0.33 1.75
C3(30 %) 11.52 9.46 2.48 0.30 1.77
Co (0 %) 13.11 9.67 2.43 0.34 1.74
Z C1 (10 %) 13.50 10.44 2.52 0.42 1.81
(10 mgLY) C (20 %) 13.91 10.78 2.46 0.39 1.85
C3(30 %) 12.37 10.30 2.49 0.35 1.83
Co (0 %) 12.25 9.32 2.44 0.35 1.87
Z C1 (10 %) 12.07 9.98 2.56 0.46 1.92
(20 mgL?Y) C, (20 %) 14.53 10.67 2.47 0.36 1.79
C3(30 %) 14.42 11.71 2.68 0.57 1.94
LSD 5% 1.64 0.87 N.S 0.10 0.08

LSD: Least significant difference; NS: Non-significant
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Fig. 6. Effect of nano zinc () and coconut milk (C) on flower weight of Petunia hybrida L.

Chemical traits
Total chlorophyll

The results show that nano zinc spraying substantially impacted
total chlorophyll; treatment (Z,) had the highest levels, reaching
13.31 mgl00 g*, while treatment (Zo) had the lowest values, 11.81
mgl00 g*( Fig. 7). Conversely, foliar spraying with coconut milk
significantly impacted this trait; treatment (C;) had the highest
value, 13.63 mg100 g, while treatment (Co) had the lowest value,
12.26 mgl00 g*. The two study components' interaction had a
substantial impact, with treatment (Z,C;) showing the highest
values at 14.53 mg 100 g* and treatment (ZoCo) showing the
lowest values at 11.42 mg 100 g* (Table 3).

Total carbohydrates

Foliar spraying with the nano zinc significantly increased the
total carbohydrates in the leaves (Fig. 8), with a maximum
content of 10.42 %, which was seen in the treatment (Z), which
significantly differed from the treatment (Z,) and produced the
lowest percentage of 9.88 %. However, foliar spraying with
coconut milk substantially impacted the characteristic under
study; treatment (C;) had the highest percentage, 10.76 %, while
treatment (Co) had the lowest percentage, 9.33 %. The two study
components exhibited a similar pattern of substantial effect in
their interaction, with the treatment (ZCs) achieving the
maximum percentage of 11.71 % and the control therapy (Z0C0)
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Fig. 7. Effect of nano zinc (Z) and coconut milk (C) on total chlorophyll of Petunia hybrida L.
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Fig. 9. Effect of nano zinc (Z) and coconut milk (C) on Nitrogen of Petunia hybrida L.

having the lowest percentage of 9.02 % (Table 3).
Nitrogen contentin leaves

The result showed that no significant effects on the nitrogen
content of the leaves due to the spraying with nano zinc (Fig. 9).
However, the coconut milk foliar spraying considerably
impacted the characteristic under study; treatment C, yielded
the highest percentage of 2.51 %, while the treatment Coshowed
the lowest rate, at 2.44 %. (Table 3). On the other hand, the result
showed no significant effects in the nitrogen content of the
leaves due to the interaction between the two factors of the
study.

Phosphorous content in leaves

According to the results shown in (Fig. 10), foliar spraying with
the nano zinc significantly enhanced the phosphorus content of
the leaves, attaining a peak of 0.43 % in treatment (Z), while
treatment (Zo) showed the lowest percentage at 0.30 %.
However, spraying onto leaves with coconut milk had a
considerable influence, particularly in treatments (C; and Cy),
which produced the highest percentage at 0.41 and 0.40 %,
respectively, while the treatment (C0) had the lowest value, 0.32
%. On the other side, the relationship between the two research
components had a significant path of effect, particularly in
treatment (Z,Cs), which attained the maximum phosphorus

content in the leaves at 0.57 %, while treatment (Z,Co) obtained
the lowest percentage at 0.27 % (Table 3).

Potassium content in leaves

Based on the data presented in Fig. 11, it is evident that the nano
zinc treatment (Z;) had a significant impact and the highest
potassium percentage in the leaves, 1.88 %, whereas the non-
sprayed treatment (Z,) had the lowest percentage, 1.74 %. The
coconut milk foliar spraying significantly impacted the trait
under study, particularly in treatment G, which produced the
highest percentage of 1.85 (treatment Co); on the other hand, it
had the lowest percentage, 1.62 %. The studys’ two components
interacted significantly, with treatment (ZCs) exhibiting the
highest percentage of potassium in the leaves 1.94 %, on the
other side, the treatment (Z,Co) exhibiting the lowest value,
1.73% (Table 3).

Discussion

The improvement in the growth of petunia plants when sprayed
with nano-zinc may be due to the basic physiological role that
zinc plays in different plants, as it stimulates many processes that
take place inside the cells, including cell elongation and division
and the formation of cell membranes, which in turn contributes
to improving the vegetative growth of those plants and
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Fig. 10. Effect of nano zinc (Z) and coconut milk (C) on phosphorus of Petunia hybrida L.
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Fig. 11. Effect of nano zinc (Z) and coconut milk (C) spray on the percentage of Potassium of Petunia hybrida L.

improving the growth of their root system (32). Zinc also
contributes to maintaining the functional and structural integrity
of the cell plasma membrane, while balancing various cellular
activities (33, 34). Furthermore, zinc has an enzymatic role, acting
as a cofactor for carbonic anhydrase, which is essential for
photosynthesis. Zinc contributes to enhancing carbon uptake,
which indirectly stimulates the synthesis of energy units such as
ATP and NADPH, as well as carbohydrates manufactured within
the plant (35, 36). When zinc is deficient in the plant, these
activities it performs will decrease significantly, by up to 70 % or
more, with reduced protein synthesis due to decreased
ribosome activity and reduced concentrations of ribonucleic acid
(37, 38). Zinc also supports the regulation of acidity in plant
chloroplasts and activates the action of many oxidation and
decomposition enzymes, which significantly increases the
absorption of mineral elements and contributes to increased
plant growth by improving the nutrition of those plants (14, 19).

A study was conducted in India to demonstrate the effect
of spraying coconut milk extract and it was observed that its
effectiveness lies in its unique biochemical content of essential
mineral elements and plant growth regulators such as auxins
(IAA) that stimulate the growth of plant roots and the elongation
of their cells. In addition to its content of cytokinins, which
stimulate plant cell division, delay ageing and promote the
differentiation of plant chloroplasts (39, 40). Coconut milk also
contains micronutrients, amino acids and soluble sugars as
shown in Table 2, all of which act as a balanced nutrient medium
to activate metabolic pathways within the plant, increase the
synthesis of proteins and plant pigments such as chlorophyll, as
well as improve growth and reproduction characteristics in
plants (41). The biochemical components of coconut milk extract
are similar in effect to synthetic plant growth regulators, but
more naturally and holistically, making this plant extract a
promising and environmentally friendly biostimulant. The
experiment was carried out during only one growing season,
which contributes to the inability to generalise the results
obtained to other growing seasons, in which climatic factors will
certainly differ, which greatly affects the results. The study also
did not include an analysis of the long-term effects of the two
study factors on environmental characteristics, including soil,
which calls for the need in the future to conduct studies over
several seasons to evaluate the cumulative effect of using

coconut milk extract and nano-zinc and to demonstrate its effect
on the vegetative growth of plants and their flowering more
comprehensively and accurately.

The study results demonstrate the superior performance
of the nano-zinc spray interaction with coconut milk compared
to the individual treatments. This effect cannot be explained as a
mere additive response, but rather represents a complex
interactive mechanism. It can be explained that coconut milk
extract may contribute as a biotransporter or effective chelating
matrix that helps stabilise zinc nanoparticles and prevent their
accumulation and contributes to their easy transfer within plant
tissues. The presence of organic matter and functionally active
compounds in coconut milk extract can improve the solubility
and bioavailability of nano-zinc, making it easier for plants to
absorb it more efficiently. Furthermore, zinc nanoparticles may
enhance cellular signalling pathways as well as enzyme systems
that lead to increased absorption of the mineral elements found
in coconut milk extract. It is worth noting that there are still
similar studies on the interaction between nanomaterials and
natural extracts, which opens the door for our results to form the
basis for future studies in the molecular, biochemical and
microscopic fields to explain the underlying pathways resulting
from these shared bio-reactions.

Our results are of practical importance and reflect light on
the attempt to compare them with traditional fertilization
systems, especially chemical ones, as these fertilizers have
always been considered a basic pillar for the cultivation of
ornamental plants, but they are marred by many concerns,
especially when added directly to the soil, which contributes to
soil degradation, nutrient leaching and increased amounts of
carbon emitted during. On the other hand, the combined
addition of nano-zinc and coconut milk extract has several
advantages, the most important of which are: Efficacy,
environmental sustainability and Economic feasibility.

Spraying with very low concentrations of nano-zinc
showed vegetative growth responses in plants similar to, or
perhaps even exceeding, those caused by spraying with much
larger quantities of conventional fertiliser. This efficiency
demonstrates the high efficacy of nano-delivery systems and
natural plant stimulants. Avoiding or reducing the use of heavy
chemical fertilisers helps prevent the transfer of nutrients into
water bodies, thus reducing the risk of food poisoning in both
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humans and animals. Furthermore, using natural, organic
fertilisers such as coconut milk extract and nano-zinc in small
concentrations effectively contributes to environmental
conservation. Recent studies indicate that spraying nano-zinc at
appropriate concentrations in agricultural practices does not
have a harmful cumulative effect on groundwater or soil and that
the levels of absorption of this element by plants are sufficient to
minimise any potential negative impact on the environment.
Adherence to the recommended concentrations is also advised
to avoid potential environmental risks and to ensure the
sustainability of its use (42, 43).

While the cost of a unit of nano-zinc formulations or
coconut milk extract may seem higher at first glance than the
costs of chemical fertilisers of all kinds, the great effectiveness of
each gives a clear idea in the end of the low costs and the
effective role in stimulating plant growth and the quality of its
flowers. This is of great importance in the cultivation and
production of ornamental plants, as competitiveness in the
market depends mainly on producing high-quality plants at low
costs. An important concern is the potential for phytotoxicity
caused by high doses of nano-zinc or other biologically active
compounds. Although our study clearly showed significant
responses within the concentrations used, exceeding these
levels of the element can cause oxidative stress, damage to cell
membranes and lead to symptoms such as yellowing, leaf burn
and reduced root elongation. These results are consistent with
previous research, which has shown the need to take into
account adherence to zinc toxicity limits to avoid adverse effects
on plant health (44).

The combined results confirm beyond any doubt that the
combined use of nano-zinc and coconut milk extract contributes
to providing a vital and effective stimulating strategy that
improves plant growth through multifaceted physiological,
biochemical and environmental mechanisms. Through the
combined effect of nutrient efficiency, hormonal balance and
environmental sustainability, this can serve as a promising
model for research into diverse future innovations in ornamental
plant nutrition, contributing to sound planning for future
research. This includes conducting detailed studies into the
molecular basis of the combined effect of nutrients, agricultural
research to compare with a wider range of traditional fertilisers
and biostimulants and developing in-depth economic evaluation
studies to demonstrate the long-term viability of those nutrients.
These guidelines will not only show an improvement in our
current results but will also contribute to reinforcing the great
practical importance of sustainable gardening practices.

The results obtained through our study showed that the
effects of nano-zinc and coconut milk extract were closely
related to their physiological mechanisms in stimulating plant
growth. Spraying with nano-zinc contributes to a clear activation
of the enzymes responsible for photosynthesis and chlorophyll
production, which contributes to increasing plant characteristics
such as increasing their length, number of leaves and branches.
This also improves the absorption of nutrients, especially
macronutrients. The presence of stimulating substances in
coconut milk extract, such as auxins, cytokinins and various
natural vitamins, contributes to cell division and elongation,
increasing vegetative and floral growth in plants. This clearly
explains the significant increase in the number, weight, diameter

and other characteristics of flowers. On the other hand, the
combination of adding both nano zinc and coconut milk extract
contributed to activating the metabolic and physiological
processes of the plants, which in turn had a positive effect on all
or most of the studied traits.

Conclusion

Spraying with nano-zinc showed a clear positive effect on all
aspects of vegetative growth and floral characteristics, as well as
the chemical content of petunia plants, except for the nitrogen
content of the leaves, which did not reach a significant level. The
best results appeared when spraying at a concentration of 20 ml
L. Regarding the spraying of coconut milk extract, the level of
effect reached a significant level in all vegetative and flowering
growth characteristics except for flower weight, which was not
significantly affected. It also showed a significant and noticeable
effect on all chemical content characteristics of the plants. The 20
% concentration showed the best values for most of the studied
characteristics, while the 30 % concentration showed the highest
values for the leaf content of nutrients. From an applied
perspective, the results obtained reflect significant economic
and environmental impacts. The high performance at relatively
low application rates for both study factors indicates that
farmers can reduce their use of high-concentration synthetic
fertilisers, positively impacting nutrient manufacturing costs and
minimising nutrient loss through leaching. It also reduces the
likelihood of environmental pollution. All of this aligns with
current trends in sustainable horticulture, with a strong
emphasis on producing high-quality ornamental plants and
implementing sound and efficient, environmentally friendly
nutrient management strategies.

This study lays the foundation for future studies, as the
synergistic interactions that are clearly observed necessitate
molecular and physiological studies to search for the underlying
mechanisms of interactions between different nutrients and
hormones. Furthermore, comparative trials with conventional
fertilisers, studies on appropriate fertiliser dosages and long-
term economic evaluations of these fertilisers can demonstrate
the feasibility of implementing these results on a wider
agricultural scale and their potential for scaling up in all
directions. On the other hand, the results highlight the
importance of precise nutrient concentrations. Using either nano
-zinc or coconut milk in high concentrations may lead to toxicity
in treated plants, which underscores the need to use the
recommended concentrations to avoid stunted growth or
damage to plant tissues. All of this confirms that the effectiveness
of biostimulants depends primarily on the appropriate
formulation and concentrations used, which are factors of great
importance for safe and effective application in horticultural
practices.

Acknowledgements

We would like to express our sincere gratitude to the College of
Agriculture, University of Anbar, for their substantial support and
provision of the resources necessary for the successful
completion of this research. Their valuable contributions were
essential in achieving the objectives of this study.

Plant Science Today, ISSN 2348-1900 (online)



HIBA & AHMED

Authors' contributions

HEA was responsible for creating the initial research idea and
collecting the literature review to achieve the final idea for this
research, as well as performing statistical analysis after collecting
data to investigate the effect of individual factors solely or the
interaction between them, and moreover comprehensive
reading for the final manuscript. AFZA carried out the
experiment, data collection, and interpretation of results;
moreover, the initial writing of the manuscript also compared
the findings with the literature and made the conclusions built
into the output of this research.

Compliance with ethical standards

Conflict of interest: The authors have stated that there
are no conflicts of interest.

Ethical issues: None

References

1

10.

11.

12.

Xia J, Mattson N. Daily light integral and far-red radiation influence
morphology and quality of liners and subsequent flowering and
development of petunia in controlled greenhouses. Horticulturae.
2024;10(10):1106. https://doi.org/10.3390/horticulturae10101106

Bose TK, Bhatia R, Saha TN, Kumar R, Dutta K, eds. Commercial
Flowers. Vol. 4. Daya Publishing House; 2021.

Al-Dulaimy AFZ, Abbood AA, Alian AT. Effect of spraying with normal
and nano iron on the growth and flowering of petunia plant
(Petunia hybrida L.). 10P Conf Ser Earth Environ Sci. 2022;1060
(1):012033. https://doi.org/10.1088/1755-1315/1060/1/012033

Jamil M, Ahmad Z. Advances in foliar fertilizer application in
ornamental plants: a review. Horticulturae. 2020;6(2):45-58.

Ali S, Riaz A, Mamtaz S, Haider H. Nutrients and crop production.
Curr Res Agric Farming. 2023;4(2):1-15.

Kekeli MA, Wang Q, Rui Y. The role of nano-fertilizers in sustainable
agriculture: boosting crop yields and enhancing quality. Plants.
2025;14(4):554. https://doi.org/10.3390/plants14040554

Aljanabi HAY. Effects of nano fertilizers technology on agriculture
production. Ann Rom Soc Cell Biol. 2021;25(4):6728-39.

Ashraf SA, Arif JS, Abd Elmoneim OE, Mohammed IK, Mitesh P,
Mousa AAM, et al. Innovations in nanoscience for the sustainable
development of food and agriculture with implications on health
and environment. Sci Total Environ. 2021;768:144990. https://
doi.org/10.1016/j.scitotenv.2021.144990

Mahmood MM, Al-Dulaimy AF. Effect of media culture, nano and
normal micronutrients on some flowers and yield traits of
strawberry. AIP Conf Proc. 2022;2394(1):1-13.  https://
doi.org/10.1063/5.0121341

Nekoukhou M, Fallah S, Abbasi-Surki A, Pokhrel LR, Rostamnejadi A.
Improved efficacy of foliar application of zinc oxide nanoparticles
on zinc biofortification, primary productivity and secondary
metabolite  production in dragonhead. J Clean Prod.
2022;379:134803.https://doi.org/10.1016/j.jclepro.2022.134803

Al-Dulaimy AFZ, Jubair NA. Improving chemical content of date
palm cv. Khastawi under different levels of spraying with micro-
elements, gibberellic acid and salicylic acid. Anbar J Agric Sci.
2023;22(1):147-59. https://doi.org/10.32649/ajas.2024.146174.1115

Liu L, Nian H, Lian T. Plants and rhizospheric environment affected
by zinc oxide nanoparticles (ZnO NPs): a review. Plant Physiol
Biochem. 2022;185:91-100.https://doi.org/10.1016/
j.plaphy.2022.05.032

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10

Dang K, Mu J, Tian H, Gao D, Zhou H, Guo L, et al. Zinc regulation of
chlorophyll fluorescence and carbohydrate metabolism in saline-
sodic stressed rice seedlings. BMC Plant Biol. 2024;24(464):1-
18.https://doi.org/10.1186/s12870-024-05170-w

Deepak K, Toran LS, Neelima N, Sachin P, Garima M, Narendra K.
Effect of foliar application of zinc and iron on growth, flowering and
yield of gladiolus (Gladiolus grandiflorus L.). Pharma Innov. 2022;11
(2):2587-9.

Czyzowska A, Barbasz A. A review: zinc oxide nanoparticles-friends
or enemies? Int J Environ Health Res. 2022;32(4):885-901. https://
doi.org/10.1080/09603123.2020.1805415

Geremew A, Laura C, Selamawit W, Huichen W, Sheena R, Nigel BJ,
et al. Effect of zinc oxide nanoparticles synthesized from Carya
illinoinensis leaf extract on growth and antioxidant properties of
mustard (Brassica juncea). Front Plant Sci. 2023;23:1108186.
https://doi.org/10.3389/fpls.2023.1108186

Altaf H, Ghulam N, Muhammad |, Muhammad NK, Waqgas KSZ,
Muhammad H, et al. Effect of zinc and iron on growth, flowering and
shelf life of marigold under the agro-climatic conditions of Sawabi.
Pure Appl Biol. 2020;9(1):80-192. https://doi.org/10.19045/
bspab.2020.90022

Al-Toki MAM, Halloul RA. The effect of chelated zinc and nano-zinc
and interaction on growth traits of wheat (Triticum aestivum L.). IOP
Conf Ser Earth Environ Sci. 2021;923(1):012072.https://
doi.org/10.1088/1755-1315/923/1/012072

Singh R, Affeullah P, Umar S, Abass S, Ahmad S, Igbal N. Comparing
the individual and combined effects of nano zinc and conventional
zinc fertilization on growth, yield, phytochemical properties,
antioxidant activity and secoisolariciresinol diglucoside content in
linseed. Plant Nano Biol.  2024;10(100098):1-12.https://
doi.org/10.1016/j.plana.2024.100098

Dhobhal A. Advances in plant nutrition: a comprehensive review. Int
Res J Agric Sci Soil Sci. 2023;12(4):1-3.

Sharief T, Eisa EM, Abdelseid KB. Effects of Osher, Neem and Argel as
natural product growth hormone. J Chem Res Adv. 2020;1(1):18-21.

Aishwarya PP, Seenivasan N, Saida ND. Coconut water as a root
hormone: biological and chemical composition and applications.
Pharma Innov. 2022;11(12):1678-81.

Ali ZA. The effect of coconut oil and NPK on vegetative and
flowering growth on Gazania splendens L. Univ Thi-Qar J Agric Res.
2023;12(1):187-202.

Tan T, Lai-Hoong C, Rajeev B, Gulam R, Azhar ME. Composition,
physicochemical properties and thermal inactivation kinetics of
polyphenol oxidase and peroxidase from coconut (Cocos nucifera)
water obtained from immature, mature and overly-mature
coconut. Food Chem. 2014;142:121-8.https://doi.org/10.1016/
j.foodchem.2013.07.040

Yong JWH, Ge L, Ng YF, Tan SN. The chemical composition and
biological properties of coconut (Cocos nucifera L.) water.
Molecules. 2009;14(12):5144-64.https://doi.org/10.3390/
molecules14125144

Goodwin TW. Chemistry and biochemistry of Plant Pigment. 2nd ed.
Academic Press; 1976.

Herbert D, Philips PJ, Standt RE. Methods in Microbiology.
Academic Press; 1971.

Van Dijk D, Houba VJG. Homogeneity and stability of materials
distributed within the Wageningen evaluating programmes for
analytical laboratories. Commun Soil Sci Plant Anal 2000;31:11-4.
https://doi.org/10.1080/00103620009370534

Chapman HD, Pratt PF. Methods of Analysis for Soils, Plants and
Waters. University of California; 1961. https://
doi.org/10.1097/00010694-196201000-00015

Tandon LS. Methods of analysis of soils, plants, waters and
fertilizers; New Delhi: Fertiliser Development and Consultation

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.3390/horticulturae10101106
https://doi.org/10.1088/1755-1315/1060/1/012033
https://doi.org/10.3390/plants14040554
https://doi.org/10.1016/j.scitotenv.2021.144990
https://doi.org/10.1016/j.scitotenv.2021.144990
https://doi.org/10.1063/5.0121341
https://doi.org/10.1063/5.0121341
https://doi.org/10.1016/j.jclepro.2022.134803
https://doi.org/10.32649/ajas.2024.146174.1115
https://doi.org/10.1016/j.plaphy.2022.05.032
https://doi.org/10.1016/j.plaphy.2022.05.032
https://doi.org/10.1186/s12870-024-05170-w
https://doi.org/10.1080/09603123.2020.1805415
https://doi.org/10.1080/09603123.2020.1805415
https://doi.org/10.3389/fpls.2023.1108186
https://doi.org/10.19045/bspab.2020.90022
https://doi.org/10.19045/bspab.2020.90022
https://doi.org/10.1088/1755-1315/923/1/012072
https://doi.org/10.1088/1755-1315/923/1/012072
https://doi.org/10.1016/j.plana.2024.100098
https://doi.org/10.1016/j.plana.2024.100098
https://doi.org/10.1016/j.foodchem.2013.07.040
https://doi.org/10.1016/j.foodchem.2013.07.040
https://doi.org/10.3390/molecules14125144
https://doi.org/10.3390/molecules14125144
https://doi.org/10.1097/00010694-196201000-00015
https://doi.org/10.1097/00010694-196201000-00015

31

32.

33.

34.

35.

36.

37.

38.

39.

Organisation; 1995.

Al-Mehmedi S, Al-Mehmedi MFM. Statistics and Experimental
Design. Dar Usama for Publishing and Distributing; 2012.

Bhat JA, Faizan M, Bhat MA, Sharma G, Rinklebe J, Alyemeni MN, et
al. Mitigation of arsenic stress in Brassica juncea L. using zinc oxide-
nanoparticles produced by novel hydrothermal synthesis. S Afr J
Bot. 2023;163:389-400.https://doi.org/10.1016/j.sajb.2023.10.059

Strekalovskaya El, Perfileva Al, Krutovsky KV. Zinc oxide
nanoparticles in the soil-bacterial community-plant system: impact
on the stability of soil ecosystems. Agronomy. 2024;14(7):1588.
https://doi.org/10.3390/agronomy14071588

Kulhanek M, Asrade DA, Suran P, Sedlaf O, Cerny J, Balik J. Plant
nutrition: new methods based on the lessons of history-a review.
Plants. 2023;12(24):4150. https://doi.org/10.3390/plants12244150

Jena L, Latha MR, Janaki P, Ganga M, Santhanakrishnan VP.
Integrated zinc and iron management practices for enhancing
productivity and flower quality of marigold. Int J Plant Soil Sci.
2022;34(21):443-51. https://doi.org/10.9734/ijpss/2022/v34i2131282

Jalal A, Mortinho ES, da Silva Oliveira CE, Fernandes GC, Furlani
Junior E, Lima BH, et al. Nano-zinc and plant-growth-promoting
bacteria as a sustainable alternative for improving productivity and
agronomic biofortification of common bean. Chem Biol Technol
Agric. 2023;10(77):1-12. https://doi.org/10.1186/s40538-023-00440-5

Farnoosh S, Masoudian N, Safipour Afshar A, Saeid Nematpour F,
Roudi B. Foliar-applied iron and zinc nanoparticles improved plant
growth, phenolic compounds, essential oil yield and rosmarinic
acid production of lemon balm (Melissa officinalis L.). Environ Sci
Pollut Res Int. 2024;31(25):36882-93.https://doi.org/10.1007/s11356
-024-33680-5

Singh AK, Hembrom R, Sisodia A, Pal AK, Asmita A. Effect of iron and
zinc on flowering and postharvest life in gladiolus (Gladiolus spp.).
Indian J Agric Sci. 2016;86(10):1316-9.https://doi.org/10.56093/
ijas.v86i10.62128

Al-Muhanna HF, Susan MA, Manar AFH. Effect of spraying with
coconut liquid and yeast extract on vegetative growth traits of citrus
rootstock (Citrus aurantium and Volkameriana). IOP Conf Ser Earth
Environ Sci. 2023;1262(4):042055. https://doi.org/10.1088/1755-
1315/1262/4/042055

11

40. Hussain S, Chang J, Li J, Chen L, Ahmad S, Song Z, et al.
Multifunctional role of cytokinin in horticultural crops. Int J Mol Sci.
2025;26(1037):1-28. https://doi.org/10.3390/ijms26031037

41. Yannam SK, Patras A, Pendyala B, Vergne M, Ravi R, Gopisetty W, et
al. Effect of UV-C irradiation on the inactivation kinetics of oxidative
enzymes, essential amino acids and sensory properties of coconut
water. J Food Sci Technol. 2020;57(10):3564-72. https://
doi.org/10.1007/s13197-020-04388-4

42. Sheteiwy MS, Shaghaleh H, Alhaj Hamoud Y, Holford P, Shao H, Qi
W, et al. Zinc oxide nanoparticles: potential effects on soil
properties, crop production, food processing and food quality.
Environ Sci  Pollut Res Int. 2021;28(28):36942-66.https://
doi.org/10.1007/s11356-021-14542-w

43. De Francisco M, Romeiro A, Durdes L, Alvarez-Torrellas S, Ibafiez MA,
Almendros P. Environmental behaviour of synthesized and
commercial agricultural zinc products: leaching, migration and
availability in soils. J Soil Sci Plant Nutr. 2024;24:5293-308.https://
doi.org/10.1007/s42729-024-01908-5

44. Amin N, Erfan MA. Environmental fate and toxicity of zinc oxide
nanoparticles in aquatic ecosystems: a comprehensive review. J
Nat Sci Rev. 2025;3(1):104-25.https://doi.org/10.62810/jnsr.v3i1.103

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.sajb.2023.10.059
https://doi.org/10.3390/agronomy14071588
https://doi.org/10.3390/plants12244150
https://doi.org/10.9734/ijpss/2022/v34i2131282
https://doi.org/10.1186/s40538-023-00440-5
https://doi.org/10.1007/s11356-024-33680-5
https://doi.org/10.1007/s11356-024-33680-5
https://doi.org/10.56093/ijas.v86i10.62128
https://doi.org/10.56093/ijas.v86i10.62128
https://doi.org/10.1088/1755-1315/1262/4/042055
https://doi.org/10.1088/1755-1315/1262/4/042055
https://doi.org/10.3390/ijms26031037
https://doi.org/10.1007/s13197-020-04388-4
https://doi.org/10.1007/s13197-020-04388-4
https://doi.org/10.1007/s11356-021-14542-w
https://doi.org/10.1007/s11356-021-14542-w
https://doi.org/10.1007/s42729-024-01908-5
https://doi.org/10.1007/s42729-024-01908-5
https://doi.org/10.62810/jnsr.v3i1.103
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

