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ABSTRACT

Zn and Fe are two of the most important micronutrients required for enhancing the yield and quality of
crops. Iron and zinc deficiencies are estimated to affect between 30 and 40 percent of preschool-aged children
and expectant mothers in affluent nations. Nano nutrients offer a new tool to increase the yield and nutrient
quality of crops. Zinc and iron oxide nano nutrients were synthesized in the lab using the precipitation
method. The synthesized nanoparticles were characterized using X-ray diffraction (XRD). The
characterization study of synthesized nanoparticles indicated the crystalline structure with nanoparticle
dimensions of 30.5 nm of ZnO and 25.5 nm of FeO. A seed priming experiment was conducted using seed
priming of bhendi seeds in various concentrations of ZnO and FeO nanoparticles ranging from 20, 50,100,
200,400, 800, and 1000 ppm. The results of the seed priming experiment indicated the significant influence
of Zn and Fe oxide nanoparticles @ 800 ppm in enhancing the growth and vigor of bhendi by recording the
highest shoot length (12.83 cm), root length (5.25 cm), shoot dry weight (0.92 g), root dry weight (0.54 g),
germination percentage (100) and vigor index (904.0).
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Introduction

Zn and Fe are two of the most important micronutri-
ents necessary for increasing the bhendi yield and
quality (Aboyeji et al., 2021). Zinc has been consid-
ered as an essential micronutrient for metabolic ac-
tivities in plants and animals including humans, its
deficiency creates physiological imbalances and af-
fects enzyme activities and other metabolic pro-
cesses (Baybordi, 2006). The most common cause of
anemia worldwide is iron deficiency. Iron is needed
to form hemoglobin, part of red blood cells that
carry oxygen and remove carbon from the body.
Iron and zinc deficiencies are estimated to affect be-

tween 30 and 40 percent of preschool-aged children
and expectant mothers in affluent nations (Gupta,
2017). In addition to hunger, malnutrition-caused by
eating food that is low in nutritional value, espe-
cially micronutrients have been identified as a major
global health issue (Ritchie and Roser, 2017). This is
especially true for children, women of reproductive
age, and pregnant and breastfeeding mothers in de-
veloping nations. One of the most popular veg-
etables in the Indian diet is bhendi. Bhendi is a rich
source of vitamins and minerals (Gemede et al.,
2015). To address the hidden micronutrient deficien-
cies in humans, it would be beneficial to bio-fortify
essential micronutrients like zinc and iron in pre-
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ferred vegetable crops such as bhendi.
Nanotechnology is considered a tool that helps in
bio-fortifying the deficient micronutrients in crops
thereby solving the challenges of remediating the
hidden micronutrient deficiency among the human
(Kapoor et al., 2022; Ramzan et al., 2023). Nano fertil-
izers are highly efficient due to size, charge charac-
teristics, and surface area (Madlala et al., 2024;
Nongbet et al., 2022). Nano nutrients can improve
crop productivity by enhancing the rate of seed ger-
mination, seedling growth, photosynthetic activity,
nitrogen metabolism, and carbohydrate and protein
synthesis (Elemike et al., 2019; Ditta and Arshad,
2016). Seed treatments of ZnO NPs at low concentra-
tions lead to the adsorption of ZnO NPs on the sur-
face of the seed coat followed by their penetration
and movement through seed tissue layers which sig-
nificantly improves germination and crop biomass
(Tondey et al., 2021). Therefore, seed priming and
coating is a targeted delivery approach to enhance
the availability of micronutrients or other elements
during the early growth of the plants (Acharyaet al.,
2020). Iron nanoparticles react at a molecular level
inside plant cells and can improve nutrient uptake
(Hasan et al., 2011). Hence the present study was
undertaken to synthesize and characterize the nano
Zn0O and FeO nutrients and to evaluate the effect of
nano nutrients on the growth and vigour of bhendi.

Materials and Methods

Synthesis of ZnO and FeO nanoparticles

In the co-precipitation method, homogenous solu-
tions of inorganic salts, Zinc acetate, and Iron chlo-
ride, are used as precursors. By reaction with an
appropriate precipitating agent, sodium hydroxide,
these salts are precipitated as hydroxide. The result-
ing hydroxides are calcinated to transform into ox-
ides with a crystalline structure. The structural and
morphological properties of ZnO and FeO were ex-
amined using XRD and SEM (Rajan et al., 2023).

Seed Priming of Bhendi

Seed priming of bhendi was done by soaking seeds
for 6 hours at different concentrations of nano zinc
and nano iron solution viz, 20, 50,100, 200,400, 800,
1000 ppm and then drying the soaked seeds in
shade for 8 hours (Reddy and Chaurasia, 2022).
Treated seeds were sown in three three-inch pots @
3 seeds per pot. A control treatment on hydro prim-
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ing was also included. The biometrical data of 10-
day-old seedlings were collected as mean values of
the shoot and root fresh and dry weight (g) and
length (cm), vigor index, and germination percent-
age using the standard procedures (ISTA, 1999).

Results and Discussion

Characterization of nano FeO and ZnO

The synthesized nanoparticles were characterized
by X-ray diffraction (XRD).

XRD of iron oxide NPs

The crystallinity and phase purities of Fe, O, exam-
ined by powder XRD patterns of the prepared
samples after calcination are given in Fig. The XRD
peaks of the calcined samples could be indexed to
an orthorhombic of Fe O, with spinel structure and
it is well matched with theJCPDS card No: 89-6466.
The distinctive peaks in the XRD pattern were seen
at 2 theta values of 31.94° 33.36°, 44.37°, 62.30° and
75.35° corresponding to the planes 100,110,131,125
and 136 of iron oxide nanoparticles, confirming the
crystalline nature. Using the Scherrer formula, the
crystallite size is calculated as 25.5 nm. Similarly,
Srivastava et al. (2013) found that the aggregation of
tiny crystallites during synthesis results in the pro-
duction of bigger particle sizes.
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Fig. 1. XRD analysis of iron oxide (Fe,O,) Nanoparticles

XRD analysis of Zinc Oxide Nanoparticles

The crystallinities and phase purities of ZnO were
examined by powder XRD (Fig. 2) and the XRD pat-
terns of the prepared sample are given in Fig.2. The
XRD peaks of the calcined samples could be indexed
to a hexagonal phase of ZnO nanoparticle (JCPDS
Card No:89-7102) where the diffraction peaks ob-
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served at 2 values of 31.77°,34.42°, 36.25°, 47.54°,
56.60°, 62.85° 67.09° and 69.09° are ascribed to reflec-
tion planes of (100), (002), (101), (102), (110), (103)
(112) and (201) of the ZnO. Using the Scherrer for-
mula, the crystallite size is calculated and the value
is 30.5 nm. These results support those from past
studies (Thirumalai et al., 2017).
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Fig. 2. XRD analysis of Zinc oxide Nanoparticles

Effect of Nano ZnO and FeO Seed Priming on
Bhendi

Shoot and root length

The seed priming of bhendi with different concen-
trations of nano zinc and iron significantly influ-
enced the root and shoot length (Table 1). The shoot
and root length progressively increased up to 800
ppm of Zn and Fe nano solutions and declined at
1000 ppm. The treatment, T7 (800 ppm of Nano ZnO
and FeO) recorded the highest shoot length (12.83
cm) and root length (5.25 cm). The percent increase
in shoot length ranged from 12.5 to 100.8 and root
length (from 14.73 to 104.7) due to different concen-
trations of nanozinc and iron. The control treatment
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recorded the lowest shoot and root length. Increased
emergence percentage after the application of Zn
suggests a better ability of seedlings to grow and
withstand adverse environmental conditions
(Cakmak, 2008). Abbasi Khalaki et al. (2021) re-
ported that NPs function as stimulants and improve
seed metabolic rate and seedling characteristics.
Nano zinc and iron can promote the production of
ROS and phytohormones and the over-expression of
aquaporins, and the response is a more remarkable
synthesis of antioxidant compounds and improve-
ment in the absorption of water and nutrients, favor-
ing the initial growth of seedling length (Rizwan et
al., 2019; Faizan et al., 2018). Chili (Capsicum annum
L.) seeds priming with metal oxide NPs (zinc, tita-
nium, and silver) improved seedling development
processes (Kumar et al., 2020). Wheat and pigeon
pea seed priming with Fe-NPs enhanced root/shoot
length, (Alam et al., 2015). Similarly, Fe,O, priming
of chickpea seeds increased shoot-root length
(Pawar et al., 2019). Likewise, seeds of sorghum
primed with iron oxide increased seedling growth
(Maswada and Djanaguiraman, 2018). Rice seeds
priming with zinc NPs promoted the growth of
seedlings (Itroutwar et al., 2020). Onion seeds prim-
ing with ZnO, Ag, CuO, and TiO2 NPs enhanced
shoot-root length (Anandaraj and Natarajan, 2017).

Shoot and root dry weight

The nano zinc and iron seed priming significantly
increased the shoot and root dry weight of bhendi
over control (Table 1). The shoot dry weight ranged
from (0.32 to 0.92 g) and root dry weight ranged
from (0.19 to 0.54 g) due to different concentrations
of nano zinc and iron. Of all the treatments, T7 (800
ppm) recorded the highest shoot and root dry
weight of 0.92 g and 0.54 g respectively. The lowest

Table 1. Effect of nano zinc and iron seed priming on growth parameter and vigour index of bhendi

Treatments Shoot length Root length Shoot dry Shoot dry Germination Vigour
(cm) (cm) weight (g) weight (g) percentage index
T-0ppm 6.39 2.58 0.32 0.19 60.0 269.1
T,-20 ppm 7.19 2.96 0.41 0.22 60.0 304.5
T,- 50 ppm 8.03 3.32 0.48 0.28 60.0 340.5
T,- 100 ppm 8.94 3.73 0.56 0.33 80.0 506.8
T.- 200 ppm 9.75 4.12 0.67 0.39 80.0 554.8
T,- 400 ppm 10.95 4.50 0.75 0.43 80.0 618.0
T,- 800 ppm 12.83 5.25 0.92 0.54 100.0 904.0
T,- 1000 ppm 11.92 4.88 0.84 0.48 100.0 840.0
SEd 0.32 0.13 0.02 0.01 2.66 14.92
CD (p=0.05) 0.70 0.29 0.05 0.02 5.86 31.91




ARTHI AND SINGARAVEL

shoot and root dry weight was recorded in control.
The increased photosynthetic activity will lead to
larger plant organs, which will result in the in-
creased dry weight of the plant (Novoa and Loomis,
1981). The increase in plant shoots and roots their
dry weight from ZnO and FeO NPs primed seeds is
presumably increased chlorophyll content due to
zinc and iron involvement acting as a catalytic,
structural component of proteins and enzyme, co-
factor for various development pigments biosynthe-
sis process (Umair et al., 2020). Wheat and pigeon
pea seed priming with Fe-NPs enhanced seedling
dry, and fresh weight (Alam et al., 2015).

Germination percentage and vigour index

The result indicated that the nano zinc and iron seed
priming significantly influenced the germination
percentage and vigor index of bhendi (Table 1).
With the increasing concentration of nano nutrients,
the germination percentage and vigor index in-
creased up to 800 ppm. Among all the treatments
T7, 800 ppm recorded the maximum germination
percentage of 100 and vigor index of 904 respec-
tively. The control treatment recorded the lowest
germination percentage (60.0) and vigor index
(269.1) compared to all other treatments.
Nanomaterials produce changes in the permeability
of membranes and the levels of osmoregulator and
can show positive effects on germination. Nano-zinc
oxide (ZnO) leads to the enhancement of germina-
tion percentage in soybeans under drought stress
(Sedghi et al., 2013). Further, it was also found that
the nano zinc oxide at 1000 ppm concentration en-
hanced seed germination and seedling vigor in pea-
nuts, leading to better seedling establishment result-
ing in higher growth (Prasad et al., 2012). Nano iron
can improve the availability of iron to the seeds,
which is crucial for metabolic processes. This can
lead to a higher germination percentage. It enhances
the metabolism activity, which can speed up the
germination process. Nano iron can enhance the
growth of the radical and plumule, leading to stron-
ger seedlings. This is often reflected in a higher vigor
index (Hao et al., 2016). Rice seeds priming with
zinc NPs promoted germination, vigor index of
seeds, and growth of seedlings (Itroutwar et al.,
2020).

Conclusion

The present study revealed the crystalline nature of
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the synthesized ZnO and FeO nanoparticles. The
size of the ZnO and FeO NPs were 30.5 and 25.5 nm.
The study proved the significant influence of the
nano ZnO and FeO @ 800 ppm seed priming of
bhendi in recording the highest shoot and root
length, shoot and root dry weight, germination per-
centage, and vigor index.
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