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Introduction

Studies have shown (Shalaby, 2016) that the presence of Nanomaterials in the Environment generates a
response from the elements that make up the ecosystem as well as that particularly in plants exposed to
nanoparticles there are variations in their morphological and physiological development depending on
the type of particle and exposure levels (Zohra et.al., 2023).

Metal nanoparticles have great potential in different industries (Yokesh et.al., 2014; Boroumand
et.al.,2015, Athanassiou et.al.,2018). Its participation in the field of medicine, the generation of broad-
spectrum microbicides (Baishya et.al., 2012), in the degradation of pigments, in the production of
superconductors, among others, has been successfully and clearly proven.

Research has recently been published that highlights the incorporation of nanostructured materials and
products that contain them in agro-industrial applications (Lopez, 2022; Gonzalez y Fuentes, 2010),
emphasizing their ability to replace fertilizers, growth promoters and crop enhancers, which have left a
long list of harmful effects on the soil, water and even on the producers’ health.

The study of the use of Silver Nanoparticles as a promoter of germination and growth of zucchini, corn,
and barley, seeks to set a precedent to establish an alternative to replace agrochemicals focused on
increasing the yield and productivity of crops of commercial interest at small and large scale, within the
area of influence of the Estado de México State and even at national level.



Methodology

Green synthesis of silver nanoparticles

The synthesis of silver nanoparticles is carried
out by green synthesis based on silver nitrate as
a chemical precursor and the extract of the
Mexican Marigold flower (Tagetes erecta) as a
reducing agent (Figure 1).

Figure 1 Mexican Marigold flower (Tagetes
erecta) planted in the facilities of the UPCI.



A solution of silver nitrate AgNO3 at a concentration of 2
mM is added with constant droplets to a volume of
Mexican Marigold flower extract (Tagetes erecta) in a 500
ml flask with moderate shaking (Figure 2). Next, the
solution is subjected to a sonication process for 40 min in
an ultrasonic tank (Figure 3).

Figure 2 Green Synthesis
of Silver Nanoparticles.
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Figure 3. Sonication process.



Preparation of solutions of Ag Nanoparticles

Ranges of germination and plant growth promoting
solutions were established with solutions of 500 pl -
1000 ul/500ml, which were dispersed in sterile
bidistilled water and placed in opaque containers
for use in germination and plant growth tests.

Evaluation of the ability to promote germination

The germination of zucchini (Cucurbita pepo), corn (Zea
mays) and barley (Hordeum vulgare) seeds was carried out
under greenhouse conditions, placing the seeds in a peat moss
substrate. Zucchini, corn, and barley seeds were used to
evaluate the germination of the plant species.

En cada caja se colocd una capa de algodén (Figura 4a) y
sobre ella de 3 a 5 semillas de las especies ya mencionadas,
(Figura 4b) se agregan 1.5 mL de agua destilada con una
solucion de Np's Ag en concentraciones de 500, 750, 800, 900
y 1000 pl de solucion de nanoparticulas de plata en 500 ml de
agua bidestilada estéril (Figura 4c).



Figure 4 Seed germination tests, a) Cotton placement, b) Seed
count in each well, c) Addition of 1.5 mL of water / NP's Ag
solution in each group of seeds.

The test was carried out in quintuplicate, the samples must
be kept, with a controlled temperature at 25°C for 96 hours.



Results
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Adding the light-yellow flower extract to the silver
nitrate solution produced the formation of Ag-Np's,
Figure 5 shows the UV-Vis spectrum of the silver
nanoparticles synthesized by this route, which
shows a similar behavior according to that reported
by Sally D. Solomon (2007), the absorbance is 300 350 200 450 500 550 600
between 395-430 nm attributable to a particle size Wavelength, nm

between 15-30 nm.
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Figure 5 UV-Vis spectrum of the AgNO3-Mexican
Marigold flower solution.



Germination evaluation with Np's

maximizes germination times and gives a better yield in terms of
obtaining the harvest of plants from these seeds. Within the results
obtained, it was observed that there is a better germination with
respect to the plants that do not contain the silver nanoparticle,
although the control seeds that were sown had significant growth, it
also had-lower root density.



The NPs effect begins to manifest itself from the germination of
the seeds, reflecting in a greater emergence and uniformity that is
observed in the final germination (Figures 6 and 7), mainly due to
the penetration of nanomaterials in the seed, which allow
increasing the imbibition of water and micronutrients,
accelerating the reserves’ degradation, and benefiting the first
stages of the germinative process.

Figure 6 Germination test. Germination of corn (Zea mays) variety tuxpefio
nortefio, zapalote corn, mouse corn and cone corn) in concentrations of 500ul,
650ul, 850ul, 950ul 1000ul /500ml of bidistilled water, plumule growth and
mesocotyl nodes.

Figure 7 Germination of barley (Hordeum vulgare) and
zucchini (Cucurbita pepo) in concentrations 0.50ml, 0.65 ml,
0.80ml, 0.95ml, 1.0 mI/500ml of bidistilled water.



Conclusions

Based on the obtained results, the UV-vis spectrum confirms the formation of Ag
Np's by the methodology proposed by green synthesis using the Mexican
Marigold extract.

The concentrations of NP's Ag that are considered germination promoters and/or
growth promoters of at least one of the three proposed crops were identified,
determining that the concentration of 800C11/500 ml of silver nanoparticles
solution and water is the one that carries out more accelerated germination
processes in conditions of roots growth and seedlings in accelerated conditions.

Mainly these help the germination process, maximizing the germination times,
given the fact that under normal conditions these seeds would take 7-10 days just
to germinate.
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