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Introduction

Nanomaterials have shown significant importance 
in different innovations of the agriculture sector. 

Nanoparticles are well known to have unique and ca-
pable properties that incorporate reactant, attractive, 
and optical and most curiously, their high surface to 
volume proportion (Majid et al., 2018). The nanos-
cale constituents have expanded physical, chemical 
and organic exercises. The comprehension of impact 
of nanoparticles on water and soil is not entire inves-
tigated. The uses of nanoparticles in farming arise as 

a course to deliver exact supplements in a systema-
tized way (Mahakham et al., 2017). ZnO has a worth 
with metaloxide family delivering the photograph 
reactant and photograph oxidizing qualities in bio-
chemical species, notwithstanding their double job as 
supplement and co-factor for proteins (Nakasato et 
al., 2017), directed examinations to accomplish better 
comprehension of component, take-up, movement 
and the natural job of nanomaterials. Assortment of 
boundaries like form, size, surface charge and proper 
fixation decide the destiny of nanomaterial in plant 
cells. The impacts of nanomaterial on plants have 
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been concentrated with carbon nanoparticles (Ali et 
al., 2020) metal oxides of copper, zinc, manganese, ti-
tanium and iron and gold nanoparticles (Siddiqui et 
al., 2017; Alshehddi and Bokhan, 2020). 

Information on the ZnO as crystallite and nano-
particles has now been documented in assortment 
of harvest plants. ZnO nanoparticle revealed critical 
impact on the root epidermis and cortex Loliump-
erenne (Singh et al., 2016).In addition, the disguise 
was likewise realized in endodermal and vascular tis-
sues. ZnO nanoparticles also encourage antimicro-
bial specialists in contradiction of the assortment of 
microbes, for example, Escherichia coli, Pseudomonas 
aeruginosa, Campylobacter jejuni (Iavacoli et al., 2017). 
Particle size, morphological features and fixation are 
strategic motivating variables for the significant ag-
ronomical adequacy of these nanoparticles (Pascoli et 
al., 2018). Polymeric nanoparticles like fat, dendrim-
ers, chitosans and cellulose have been researched as 
expected competitors in agribusiness created material 
(Nakasato et al., 2017). The polymeric material com-
prising poly (epsilon-caprolactone) and lipid indicat-
ed phytotoxic impacts on Brassica species with NPs 
separately without herbicides (Olveria et al., 2015). 
While, Oliveira et al. (2015) could not find phytotox-
ic impacts even at higher fixation on Brassica species, 
Zea mays with dumped poly (epsilon-caprolactone). 
These investigations portrayed the significance of 
polymeric put together material concerning seed ger-
minations seedling improvement of different species 
of plants to suggest nanoparticle and their compelling 
focuses in this arena. 

Humic acid has been announced in a few practical 
applications, such as drugs conveyance, compost, 
cleansers, and food material because of its excellent 
biological compatibility and degradability. Various 
examinations include as mixture materials for other 
useful oxides due to their higher water contents and 
cost viability from varied sources (Akaige et al., 2011). 
Seeds preparing with HA have been accounted for to 
ensure the seed in water insufficient soil and lessen 
the hour of cultivating and seedlings advancement 
(Sheteiwy et al., 2017). The Researchers have exhib-
ited the instrument, where HA lessens the oxidative 
pressure in plants. (Alenazi et al., 2016) suggest-
ed that HA can diminish the happening rate under 
pressure conditions and expanded water effectiveness. 
Presently, there has been an expanding pattern to half 
the multifunctional metal oxide with biopolymers 

to create diverse biomaterials with prevalent organic 
correlations.

This examination assesses the impact of HA/ZnO put 
together nanomaterials concerning seed germination 
and seedling improvement. It depicts the combina-
tion and characterization of HA/ZnO nanomateri-
alsin nonappearance of dynamic supplements along 
the focus impact on Brassica campestris germination 
and seedling improvement.

Materials and Methods

Chemicals
Zinc Acetate (>99%), Potassium Hydroxide (>99%) 
were purchased from Merck (Darmstadt, Germany) 
and HA was purchased from Sigma-Adrich. Dis-
tilled water used for all experiments was deionized 
with Rephile Bioscience, (Resistance, 18 MX cm).

HA preparation 
HA stock solution of 0.1 % in Sodium hydroxide was 
prepared and the suspension was sonicated in an ul-
trasonic bath for 15 minutes. The solution was filtered 
using a 0.1 um cellulose filter and the resultant sus-
pension was stored at 4°C for respectively.

Nanomaterials preparations
ZnO NPs were prepared through the co-precipita-
tion method (Madhumitha et al., 2016). Zinc Acetate 
5 g was dissolved in 250 ml water at 90 °C. 20 mL of 
2.5 M KOH was added drop-wise. The precipitated 
particles were separated from supernatant on What-
man’s filter paper no:41 pore size 20µm). Appearance 
of light pink color indicated the successful formation 
of NPs. Various spectroscopic techniques applied for 
the confirmation of synthesis of NPs. The NPs were 
washed several times with distilled water to remove 
the remaining potassium acetate. ZnO NPs hybrid 
with HA were kept in mechanical shaker for 48 hours 
at 2000 rmp. The removal of potassium acetate was 
confirmed with AgNO3. Apollo Machinery Stainless 
Steel Vertical Laboratory  Centrifuge Machine. The 
NPs were hybrid with HA via end-end rotation for 
48 hours. The HA/ZnO NPs were collected by cen-
trifugation at 1500 G, finally washing cycle repeated 
five times to remove non-hybrid materials superna-
tant’ deleted.

Physicochemical characterization process was done 
at Laboratories at Institute of Chemistry, Shah Ab-
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dul Latif University, Khairpur, Sind Pakistan. FTIR 
spectroscopy was used to determine the chemical 
composition of HA and HA/ZnO nanoparticles with 
SenseIR spectrometer. XRD pattern was obtained 
with XPERT-PRODiffractometer equipped with a 
Cu (Kα = 1.54 A˚).

The size in diameter of crystallite was calculated us-
ing Debye–Scherrer equation:
(D =Kλ/βcosθ),

Where;
β: (full-width at half-maximum) is radian; θ: Angle 
of peaks at maximum of diffraction; K:  Constant of 
a value of 0.9; λ: X-ray shining wavelength (0.15406 
nm Cu Kα).

The dried hybrid nanoparticles (1 g) were deposited 
on sample holder. The XRD patterns were determined 
at 10° - 80° angles along scanning rate of 1°/min.

The size and surface charge of ZnO NPs were deter-
mined with dynamic light scattering (DLS) Malver-
en Zetasizer (UK). The surface area of NPs was de-
termined through BET on Coulter SA 3100 surface 
area analyzer, under continuous N2 flow. The SEM 
measurements were determined using Jeol JSM-840. 
Before SEM analysis, the samples were coated with 
gold under vacuum on a sputter coating machine. The 
optical properties of fabricated HA/ZnO NPs were 
analyzed using a UV– V is spectrophotometer (Shi-
madzu) within a 200 – 600 nm range. Thermogravi-
metric analysis was performed with an SDT 2960, 
series Q600 apparatus (TA Instruments). The temper-
ature range for analysis was 20-500 C with scanning 
rate of 10 C/min under nitrogen flow of 20 mL/min.

Seed germinations
Brassica campestris (Mustard) seeds were obtained 
from the National Institute of Tandojam. Afterwards, 
the seed germination on cellulose channel paper was 
performed by following the method suggested by 
Zhang et al. (2020). For the preparation of complexes, 
dissolve HAs in 0.1 M NaOH to obtain HA solution 
(500mg/L). The pH of solution was maintained at 5.0 
by addition of 0.1 M HCl. The precipitated material 
should then be rinsed with deionized water, dried at 
room temperature, and gently ground. Then, in a tube, 
the ZnO NPs were hybrid in 1 liter of HA solution 
and the solution was shaken for two days. Suspension 
centrifuged for 30 minutes at 3500 rpm. Finally pow-

dered samples were stored in polyethene bags.

Pre-purified water was added to the paper to moisten 
it. Germination and mortality were recorded 24 hours 
a day.

Root elongation (RE), seed germination (SG) and 
relative seed germination (SGI) were determined by 
the formulas:

Figure 1: XRD of ZnO NPs, HA and HA/ZnO NPS.

Results and Discussion

Physicochemical characterization
Physico-chemical characteristics of ZnONPs and 
HA/ZnO NPs were investigated. The crystalline 
structure of ZnO NPs was studied with XRD. XRD 
patterns of bare ZnO and HA/ZnO nanoparticles 
are depicted in Figure 1. The diffraction peaks of 
bare ZnO nanomaterials are well indexed to wurtzite 
structure ZnO ( JCDPS, 36-1451). Diffraction peak 
related to impurity could not be found in bare ZnO 
NPs, revealing the purity of synthesized materials. 
The crystallite size of bare ZnO with Debye–Scher-
rer equation was calculated 24 nm using full width at 
half-maximum of 100, 002, and 101 diffraction peaks 
(Basnet et al., 2019 and Huo et al., 2018).

Figure 1 depicts the morphology of bare ZnO and 
HA/ZnONPs. The micrograph shows the spherical 
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shape of bare nanoparticles with an average size of 
20 nm. The average size diameter was consistent with 
XRD results (Figure 2A). Figures 2A and B compar-
atively reveal that the bare ZnO NPs are prone to ag-
glomeration, while HA/ZnO NPs are well-separated. 
In addition, HA/ZnO NPs have large size distribu-
tion compared to bare ZnO NPs. In precise, ZnO 
hybrid with HA is nearly monodispersive. The mean 
estimated HA/ZnONPs size is 300 nm. The consist-
ency in shape, while a change in the size of bare ZnO 
and HA/ZnO NPs as a capping function is evident. 
Bare particles interaction and aggregation is predict-
able, relating to their instability. The presence of poly-
meric materials interferes with nucleation and growth 
kinetics to large particles. In contrast, the growth of 
bare particles remained the same. This could affect the 
particle size distribution, as seen in Figure 2.

Figure 2: SEM images of (A) bare ZnO and (B) HA/ZnO.

The surface characteristics of bare ZnO and HA/
ZnONPs were determined by FTIR analysis. Figure 
3 shows the peaks at 1630 cm-1; this peak reveals an 
asymmetric stretching of zinc carboxylate. The peak 
at 1384 cm-1 was confirming the symmetric stretching 
of zinc carboxylate. Another asymmetric stretching 
peak was seen at 1473 cm-1, this type of peaks only 
appeared in HA/ZnO NPs. This results in confirma-
tion of formation of functional groups 

The UV-visible absorption maximum spectra of bare 
ZnO and HA/ZnO NPs showed an absorption max-
imum below 400 nm. The increase in HA concentra-
tion reduces the absorbance at 375 nm. A plasmon 
shift at 375 nm was seen for HA, whereas a blue shift 
(5-10 nm) was seen due to electrostatic repulsion 
that occurred with HA adsorbed ZnO NPs because 
of the surface density of electrons on NPs. HA/ZnO 
NPs have increased free electron density. Hence this 
enhances the plasmon frequency. Silver NPs capped 
with bovine serum albumin revealed a similar plas-
mon shift as reported in the literature (literature cit-
ing missing).

Figure 3: FTIR Spectra of Synthesized NPs.

Figure 4: Thermogram of NPs.

Figure 4 shows the TGA results of bare ZnO and 
HA/ZnO NPs. Bare ZnO depicts only < 10 % total 
weight loss up to 500°C, this is mainly due to the re-
lease of adsorbed water molecules. Thermogram HA/
ZnO NP demonstrated that polymeric encapsulation 
decamped at 150 – 250 °C due to decomposition 
of organic matter. In addition, the weight fractions 
of organic molecules were seen to be approximately 
45%. The decomposition weight loss results further 
confirm the capping of HA to ZnO NPs (compare 
the results with literature).

The stability of nanomaterials is predominantly de-
pendent on surface charge. Particles having either 
high positive or negative surface charges have elec-
trostatic repulsions. Zeta potentials of bare ZnO and 
HA/ZnO NPs are shown in Figure 5  DSC  ther-
mograms  of PLA/Ag-NPs  Our results are in good 
agreement with published studies, where nanoparti-
cles with high negative charges were better for the 
adsorption of anionic polymers (Singraja et al.,2019). 
Bare ZnO and HA/ZnO NPs showed zeta potential 
of-5 mV and -20 mV, respectively. The data revealed 
that HA impartsa negative charge to ZnO NPs sur-
face and enhances the absolute surface potential. Sin-
garaj et al. (2019) reported that the HA/iron oxide 
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NPs showed a high surface charge and stability. These 
high surface charge nanomaterials have a wide variety 
of applications. These were used to detect and remove 
heavy metals from wastewater (Lingamdinne et al., 
2017).

Figure 5: Zeta potential of HA, ZnO/HA and ZnO NPs.

Based on physicochemical characteristics, the relative 
differences of bare ZnO and HA/ZnO are summa-
rized as follows: bare ZnONPs were confirmed to 
have a higher surface area, spherical shape, smaller 
size in diameter, and completely free of function-
al groups compared HA/ZnONPs. Therefore, it has 
been confirmed that both types of NPs are properly 
synthesized owing to their different physicochemical 
characteristics.

Seed germination 
Brassica campestris seeds responded differently corre-
sponding to the applied doses of different concentra-
tions of bare ZnO, HA and HA/ZnO NPs. Seeds 
treated with a 20 ppm concentration of nanomaterials 
exhibited maximum seed germination. Figure 6 de-
picts the shoot and root length of Brassica seeds on 
the fifth day of applied doses of different concentra-
tions of ZnO, HA and HA/ZnO NPs. Similar results 
were reported for HA and ZnO treatment applied to 
peanut seed germination, where a low concentration 
of NPs showed stimulated effect and vice versa. NPs 
tendency to penetrate seed coats might be a key fac-
tor for increased germination and growth. Previous 
studies also showed that the effects of NPs are spe-
cies-specific, size and dose-dependent. Similar results 
were reported for RuO2 treated Brassica seeds, where 
an enhanced germination rate was observed over ap-
plying lower doses of RuO2 (Sing et al., 2015). These 
studies showed that HA/ZnO hybrid materials could 
reduce the dose-dependent inhibitory effect of ZnO 
NPs. The result of bare ZnO treated germinated seeds 
was lower as compared to HA/ZnO NPs. 

Figure 6: Germination characteristics measurement of Brassica 
campestris.

HA/ZnO NPs showed immense root growth com-
pared to individual bare HA, ZnO and controls. 
Similar results were obtained with chitosan/tripoly 
phosphate (CS/TPP) NPs on seed germination of 
Zea mays, Brassica rapa and Pisum (Chaudhuri et al., 
2017). Shoot length was also significantly increased 
with 5-20 ppm HA/ZnO NPs compared to oth-
er treatments and controls. Seeds treated with HA/
ZnO NPs at a concentration of 20 ppm have shown 
the highest root-shoot length (10.7 and 70.9mm, re-
spectively).

HA/ZnO NPs depicted increased root-shoot length 
with up to 15 ppm treatments. However, decreased 
root-shoot length was seen in the reduced concen-
tration of bare ZnO NPs. At concentration, up to 20 
ppm of bare ZnO NPs showed prominent root and 
shoot results. 60 % germination and reduction in root 
and shoot length was found, similar to higher doses 
of bare ZnO NPs. This may be related to inhibitory 
levels of bare NPs. Similar results were reported for 
mungbean seed germination (Chaudhuri et al., 2017). 
They demonstrated that the dose-limited seedling ef-
fect of NPs on mungbean seedling, above a limited 
level reflected toxicity of bare nanoparticles, respond-
ed to a decline in growth.

Brassica shoot measurements, expressed in shoot 
length, fresh weight and dry weight, were concentra-
tion-dependent for bare ZnO NPs and HA, where an 
increasing trend was seen for increased doses of HA/
ZnO NPs. Dry weight values were comparable to the 
shoot length and fresh weight results in all applied 
treatments. Figure 7 showed a fresh and dry weight of 
Brassica campestris overexposure of NPs. Other mech-
anistic studies also reported the hormonal increase in 
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plant growth. The results of this study are comparable 
to those already reported (Burman et al., 2013; Per-
alta-Videa et al., 2014). Root growth characteristics 
(root length, fresh root weight and dry root weight) 
were significantly different as shown in Figure 7, in 
all applied treatments of bare ZnO, HA and HA/
ZnO NPs (control, 5, 10, 15 and 20 ppm). The most 
extended root length i was recorded with HA/ZnO 
NPs at 20 ppm. The increased root length is a result of 
lateral root increase from the lower hypocotyl.

Figure 7: Germination parameters of NPs treated Brassica camp-
estris.

Nutrient-controlled studies could not decrease/in-
crease the fresh or dry weight, agreeing with the find-
ing of (Xiang et al., 2015; Hartwigsen et al., 2000), 
suggesting that HA influences the seedling develop-
ment through a mode of action other than the nutri-
ent supplements. HA/ZnO increased the secondary 
roots. These results are also in agreement with the 
findings of Malik et al. (1985). They reported that 
HA increased 500 % wheat root length and tobacco 
secondary root length. Vaughan et al. (1979) demon-
strated that HA form complexes with Zinc, prevent-
ing the cessation of root growth resulted in increased 
secondary root growth, demonstrated increased fresh 
and dry weight in germination profile grown in a 
nutrient media supplemented with HA. (Tan et al., 
1979) found increased shoot fresh weight of corn 
seedling in Hoagland’s solution supplemented with 
HA. The differences in results in comparison to these 
findings could be due to various reasons, whereas the 
studies were performed only on HA, ZnO and HA/
ZnO treatment. Secondly, test plant species were dif-
ferent in response to HA, ZnO and HA/ZnO appli-
cation. Finally, the results are for germination profile 
before the development of true leaves. 

Conclusions and Recommendations

In the present work, HA/ZnO NPs were effectively 
created utilizing a basic one-pot technique. Different 
physicochemical characterization methods (UV-vis, 
SEM, XRD, FTIR, DLS and TGA) affirmed the 
presence of HA-covered ZnO NPs. The HA/ZnO 
NPs were applied as preparing specialists to improve 
the Brassica campestris seed germination. Seeds may 
have assimilated NPs, which play an important role 
in a prompt blending of specific compounds, work-
ing with the food assembly. This investigation showed 
that HA/ZnO NPs could be a promising co-manure, 
giving zinc and HA to seed.
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