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Nanofertilizers may be a possible replacement for organic fertilizers because they can get to targeted
sites in a plant and either enhance or thwart its growth depending on the toxicity level of the used
nanoparticles. Zinc oxide nanoparticles are said to be a good source of nutrients for crop production
and using these nanoparticles as bio fertilizers, could help to reduce the chemical residue in the grown
vegetables which may sometimes be consumed raw or at an immature stage. Zinc oxide nanoparticles
used in this work were biosynthesized using Ocimum gratissimum and Vernonia amygdalina leaf
extracts. They were characterized using optical spectroscopy and electron microscopy and found to be
of sizes ranging from 11 to 99 nm with some agglomeration. Colloidal solutions of these nanoparticles
of concentrations 10, 100 and 500 mgl'lwere used as nanofertilizer for growing black-seeded and pale-
seeded Amaranthus cruentus. Percent emergence was best at 69% for the pale seeded variety to which
100 mgl'l 0g-Zn0O (PH 8) nanoparticles was applied and worst at 29% for the black seeded variety
treated with 10 mgl™ Og-ZnO (pH 12) nanoparticles. Best emergence index value of 2.28 was observed
for the black seeded variety on the application of pH 8, 100 mgl'1 0Og-ZnO nanoparticles. The pale
seeded variety to which pH 12, 10 mgl™ of Va-ZnO nanoparticles was applied gave the best emergence
rate index results. The study showed that pH and concentration of nanoparticles can affect the seedling
characteristics of A. cruentus seeds.

Key words: Nanofertilizer, percent emergence, emergence index, emergence rate index, seedling
characteristics, electron microscopy, optical spectroscopy.

INTRODUCTION

Nanoparticles have sizes in the nanometer range and
exhibit novel properties which are dependent on their
morphology (Vidya et al., 2013). They can be synthesized
using chemical, physical and biological methods but of

these three methods, biosynthesis is preferred because
of its environmental friendliness (Singh et al., 2011). The
use of nanoparticles spans through a number of
disciplines ranging from household items to the field of
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electronics as sensors. While in medicine they aid drug
delivery to specific targets, most recently in agriculture
they have been said to play active roles in plant growth
(Sabir et al., 2014). Some nanoparticles are reported to
have excellent antibacterial and antimicrobial properties
and others are said to exhibit considerable phototoxicity
on growing plants (Lin and Xing, 2007).

Recent researches have shown that nanoparticles can
be used as nanofertilizer for growing plants but though
some researchers say nanoparticles thwarts the growth
of some plants, others reported growth enhancement of
some other plants (Aslani et al., 2014; Sabir et al., 2014).
The effect of nanoparticles on plants varies with the kind
of nanoparticles used, the plant species under study, the
form of the nanoparticles in use and the concentration of
its colloidal solution (Ma et al., 2010).

Zinc oxide nanoparticles biosynthesized using Ocimum
gratissimum (Scent leaf) and Vernonia amygdalina (bitter
leaf) leaf extracts were used as nanofertilizer for this
study. O. gratissimum and V. amygdalina are both
antioxidants with valuable food and medicinal values
which contain bio molecules with reductive abilities. While
O. gratissimum can be used for treating headaches,
inflammation, pneumonia, haemorrhoids , common colds
and infant convulsions (Akinyemi et al., 2005; Prabhu et
al., 2009), V. amygdalina serves as a laxative and is used
by herbalists for treating malaria probably due its
Quinone content. It is also said to be effective for
assisting diabetic control of sugar level (Akinjogunla et
al.,, 2011; Katewa et al., 2004; Udochukwu et al., 2015;
Ugwoke et al., 2010).

Zinc oxide nanoparticles have some antibacterial
properties and a wide range of applications. They can be
used to fabricate some functional device structures such
as relative humidity sensors due to their resistance
change upon exposure to different relative humidity
conditions (Erol et al., 2010; Vaseem et al., 2010). Their
ability to produce bright UV and visible fluorescence has
been used for optical applications such as light emitting
devices (LEDs) as well as in the field of bio-medical
imaging (Vaseem et al., 2010). Organic fertilizers for
growing plants are in high demand and even when
available are not enough to meet the growing demand for
it, nor do they completely get absorbed by the plants or
get to designated sites in the plants due to hydrolysis,
leaching etc (Nair et al., 2010).

In contrast, a small quantity of nano fertilizer when
applied to plants is said to actually get to the targeted
sites in the plants (Sabir et al., 2014) and nano-
encapsulated slow release of fertilizers conserve fertilizers
and reduce environmental pollution (Nair et al., 2010).
Nanoparticles are beneficial to agriculture and can serve
as an alternative to organic fertilizer. This, according to

Siddiqui et al. (2015), is because nano-particles with high
surface areas are highly reactive and can get to targeted
sites in a plant in order to enhance its metabolism.
Furthermore, surface area and surface properties of
nanoparticles (Ma et al., 2010) rather than their
concentrations influence phytotoxicity of seedlings.

Ramesh et al. (2014) compared the effect of bulk and
nano Zinc oxide (ZnO) and Titanium dioxide (TiO,) on
seed germination, mitosis, seeds, shoot and root growth
of wheat (Triticum aestivum Linn) and reported that bulk
metal oxides had no significant effect on any of those
rather nano ZnO raised Chlorophyll and protein levels of
treated seeds. A related research (Stampoulis et al.,
2009) which studied the effect of bulk and nano forms of
five nanomaterials namely silver, copper, zinc oxide,
silicon and multiwalled CNTs (MWCNTSs on Field pumpkin
(Cucurbita pepo), observed that seedling germination
percentage was higher for seeds treated with nano ZnO
than those treated with bulk ZnO powder and that percent
emergence of the seeds was dependent on the sizes of
the nanoparticles used for treatment of seeds.

Nanoscale metals such as zinc or aluminum or metal
oxides like ZnO or TiO, have been applied to selected
plants and their toxicology effects on the seeds, roots or
growth have been studied. While TiO, is said to shield
plant Chlorophyll from destruction due to long exposure
to light, it has also been mixed with SiO, and applied to
soybean to boost its antioxidant effect and intake of water
and other essential nutrients (Lu et al., 2001).

While studying the toxicity effects of five nanoparticles
(MWCNT, Al,O3, ZnO, Al, and Zn) with concentrations
ranging from 10 mgl™ to as high as 2000 mgl™ on six
plants (rape, radish, rye grass, lettuce, corn and
cucumber), the researchers (Lin and Xing, 2007) reported
that none of the applied nanoparticles showed inhibition
to growth except for nano zinc, which affected rye grass
and nano zinc oxide which affected corn.

While these researches show the extent of phytotoxicity
experienced by the studied plants due to the applied
nanoparticles, none of them addressed the interactive
effect of nanoparticles of various pH values and their
concentration on the seedling characteristics of their
chosen species of plants.

This work will not discuss the biological process behind
the assimilation of the zinc oxide nanoparticles into the
plant cells but will dwell on the physical characteristics of
the nanoparticles and how the concentration of the ZnO
nanofertilizer and various seed treatments make
observable changes in the seedling characteristics of the
Amaranthus cruentus seeds. It will also show how these
changes depend on the pH of the synthesized zinc oxide
nanoparticles and the concentration of its colloidal
solution.

*Corresponding author. E-mail: rebecca.mfon@bristol.ac.uk.

Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

0.2M _|_ Leaf extract
70 mls 30 mls

Mfon et al. 1483

Stir for
NaoHO2M | & Zn(OH), Precipitate
70 mis —

Place in hot water
bath at 50 °C for 9
h  centrifuge and
dry sample at
70°Cfor4h

4

Zn0O nanopowder

Figure 1. Schematic illustration of pathway of the ZnO nanoparticles synthesis.

MATERIALS AND METHODS

The ZnO nanoparticles were biosynthesized using leaf extracts of
O. gratissimum and V. amygdalina and then characterized using
UV-vis, scanning electron microscope (SEM), Transmission
electron microscope (TEM), XRD, Fourier transform infrared
spectroscopy (FTIR) and PL studies. Colloidal solutions of these
nanoparticles of different concentrations were prepared and used
as fertilizer for growing black-seeded and pale - seeded A.
cruentus. The interactive effect of pH of the nanoparticles of
different concentrations on the seedling characteristics of these
seeds namely percent emergence (%E). Emergence Index (El) and
Emergence rate index (ERI) of these two varieties of A. cruentus
were investigated.

A. cruentus which belongs to a family of plants called
Amaranthaceae is used in place of spinach in some countries. It is
said to have grains which are rich in protein and leaves which are
rich in vitamins. It is cheap, common, and grows generally well in
the tropics.

Nanoparticles synthesis and colloidal solution preparation

Two samples of zinc oxide nanoparticles were biosynthesized using
15% leaf extracts of O. gratissimum (Og) and V. amygdalina (Va)
with zinc acetate dihydrate and NaOH as precursor materials (Sidra
et al., 2014) and the resulting precipitate was kept in a hot water
bath at 50°C for 9 h after which it was centrifuged and dried in an
oven for 7 h (Figure 1).

Three samples each of Og-ZnO and Va ZnO nanoparticles of pH
values P,= pH 8, P,= pH 10 and Ps;=pH 12 were synthesized and
characterized using optical spectroscopy and electron microscopy.
Colloidal solutions of the zinc oxide nanoparticles of concentrations
N1=10, N>=100, and N3=500 mgl™ were prepared for each sample.

Seeds and their planting

Two varieties of A. cruentus, namely, the black-seeded and the
pale-seeded varieties were used for the study. These seeds were
given some extra treatments before planting: (i) soaked in
nanoparticles solution for 10 min (ii) soaked in water for 10 min and

(i) not soaked. The soil used for the planting was analyzed for its
constituent elements before planting and after harvesting the
plants.

The soil was of pH 6.0 and consisted of 79.5% of sand, 10.5% of
clay and 10.0% of silt. Organic carbon was 1.50%, and its zinc
content was 0.24 mg kg™. The pots used for the seed planting each
contained soil of volume 8x10° m® and the seeds were planted in
pots at a depth of 0.7 cm. Each treatment had three replications
and the blank control pots had soil with no nanoparticles treatment.
A screen house was used for shielding the pots, used for the seed
planting from pests to ensure that only the nanoparticles played a
role in seed germination. The International Seed Testing
Association (ISTA) method in which 100 seeds are planted in each
pot was used and after emergence the plants were thinned to eight
with four of those actually tagged for all the measurements that
were done. The study of the seedling germination was done over a
period of one week and the parameters of interest were the percent
emergence % E the emergence index El, and the emergence rate
index ERI of the planted seeds. Four factors were introduced in the
experiment namely (i) pH of synthesized nanoparticles (ii) seed
varieties (iii) concentration of colloidal solutions of the zinc oxide
nanoparticles (iv) seed soaking.

Preparation of zinc oxide nanofertilizer

The different concentrations of the colloidal solutions of the zinc
oxide nanoparticles were prepared and labelled accordingly with pH
8, 10 and 12 referred to as P1, P2 and P3, respectively. The
concentrations of solutions prepared were 10, 100 and 500 mgl*
referred to in this report as N1, N2 and N3, respectively. The zinc
oxide nanoparticles solution is used as nanofertilizer in this
experiment. The soil in the pots in which the seeds were to be
planted was treated with the nanofertilizer before planting and was
repeated a week after seed emergence. The blank control
experiments pots were designated as performance of the blank
control (PONO) and had soil with no nanopatrticles treatments.

Statistical analysis

Data of the interactive effect of nanoparticles pH and concentration
on the seedling characteristics was subjected to the analysis of
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Figure 2. (a) Absorbance spectra of the Va and (b) Og zinc oxide nanopowder.
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Figure 3. (a) XRD pattern and (b) FTIR scan results of the zinc oxide nanopowder.

variance (ANOVA) and tests were done at 5% probability using the
Genstat release 10.3 DE. The effects of soaking the seeds before
planting were however ignored because it was not significant.

RESULTS AND DISCUSSION
Characterisation of zinc oxide nanoparticles

The absorbance spectrum for zinc oxide nanopowder
(Figure 2) shows that the Va sample interacts better with
light than the Og sample, with a higher peak absorbance
at wavelength 355 nm as against 360 nm for Og sample.

The absorbance increased with pH for Og zinc oxide
nanoparticles but the reverse is true for Va zinc oxide
nanoparticles. While the XRD pattern of the zZnO
nanopowder (Figure 3a) shows that it has the hexagonal
wurtzite structure, the FTIR spectra of zinc oxide
nanoparticles (Figure 3b) revealed the functional groups
on the nanoparticles surface, which are present in
flavonoids, phenols, amides and polysaccharides. These
biomolecules may have been involved in the reduction of
the zinc ions to nanoparticles.

The near-ultraviolet (NUV) Photoluminescence spectra
of the zinc oxide nanoparticles (Figure 4) show two
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Figure 4. (a) Photoluminescence spectrum of the ZnO nanopowder of different pH values for (a) Og and (b) Va.
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Figure 5. (a) SEM micrographs and (b) TEM images of the zinc oxide nanopowder.

emission peaks. Lower wavelength peaks attributed to
the near bandgap excitonic emission and higher
wavelength peaks due to singly ionized oxygen vacancies
(Sangeetha et al.,, 2011). These have values ranging
from 381 to 384 nm for pH 8 to 10 Og - zinc oxide
nanoparticles and 532 to 551 nm while for the Va - zinc
oxide nanoparticles, the values were in the range 386 to
390 nm and 553 to 556 nm, respectively. The PL
intensities were found to decrease for higher pH samples.
The SEM images (Figure 5a) show the particles to be
spherical with aggregation and with low pH particles
larger in size than higher pH nanoparticles.

The Og pH 8 zinc oxide nanoparticles had sizes
ranging from 42 to 75 nm, giving an average size of 63
nm while the pH 10 nanoparticles had sizes ranging from
36 to 55 nm and an average size of 43 nm. The Va zinc

oxide nanoparticles of pH 8 had sizes ranging from 56 to
91 nm and an average size of 71 nm while the pH 10
nanoparticles had sizes in the range of 50 to 78 nm and
an average size of 54 nm. The TEM images (Figure 5b)
show the nanoparticles to be spherical in shape with
some aggregation, with sizes ranging from 11 to 99 nm
for Og and Va samples.

Seedling characteristics

The number of days to emergence of the planted seeds
was two and it took a little above a week for all the viable
seeds to germinate. The interactive effects of pH and
concentration of the Og and Va zinc oxide nanoparticles,
resulting from the analysis of variance (ANOVA) of the
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8 nanoparticles concentration increased the percent

increasing Og-ZnO nanoparticles concentration increased
emergence but increasing the pH 10 and 12 nanoparticles

germinated. High values are considered to be good. For
the percent emergence.
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concentration,

number

PONO was

Treatments
Interactive effect of pH and concentration of colloidal solutions of Og and Va zinc oxide nanoparticles on the emergence index of
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compared with those of the treated seeds and the result
of the seedling characteristics are as shown in the plotted

bar charts (Figures 6 to 8).
Percent emergence values give an indication of the

collected data was done. The blank control

Percent emergence (% E)

the Amaranthus cruentus seed.

Figure 7.
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Figure 8. Interactive effect of pH and concentration of colloidal solutions of Og and Va zinc oxide nanoparticles on the emergence rate

index of the Amaranthus cruentus seed.

(Figure 6a). Increasing the pH 8 Va-ZnO nanoparticles
concentration raised the percent emergence of the black
seeded variety but lowered that of the pale seeded
variety.

Similarly  high concentrations of the pH 10
nanoparticles reduced the black seeded variety percent
emergence but increased that of the pale seeded variety.
High concentrations of the pH 12 nanooparticles reduced
the percent emergence of both the pale and black
seeded variety (Figure 6b).

Emergence Index (El)

The emergence index shows the uniformity in growth of
the planted seeds. Low EI values are considered to be
better than higher ones. The results for the emergence
index (El) as shown in Figure 7 seem to be equally
distributed between the two seed varieties with Og zinc
oxide nanofertilizer pH 8, 100 mgl™ giving the best value
of 2.28 for the black seeded variety (Figure 7a), and the
worst value of 4.26 was recorded for same seed variety
treated with pH 12, 100 mgl'lVa zinc oxide nanofertilizer
(Figure 7b).

Increased Og ZnO nanoparticles concentration of all
three pH levels increased El values for both the pale and
black seeded varieties. Raising the concentration of pH 8
Va ZnO nanoparticles increased the El values of the pale
seeded variety but reduced that of the black seeded
variety. High concentrations of pH 10 Va 2ZnO
nanoparticles gave low El values for pale seeded variety
but high EI values for black seeded variety. Furthermore,
high concentrations of pH 12 Va ZnO nanoparticles gave

better El values for black seeded variety but poor EIl
values for pale seeded variety.

Emergence Rate Index (ERI)

Emergence rate index values show on a scale of zero to
ten, how long it actually took all the planted seeds to
emerge. Low ERI values are preferred to higher ones.
Results of the emergence rate index (Figure 8) showed
that, the pale seeded variety did better than the black
seeded variety when treated with either Og or Va zinc
oxide nano fertilizer. However the best result of 3.35 was
observed for pH 12, 10 mgl'1 Va zinc oxide nanofertilizer
(Figure 8b) and the worst result was for the black-seeded
variety with ERI 9.36 due to pH 12, 500 mgl'1 Va zinc
oxide nano fertilizer (Figure 8b).

Increasing the concentration of pH 8 Og ZnO
nanofertilizer increased ERI values for the black seeded
variety but lowered the ERI values for the pale seeded
variety. For both the pale seeded and black seeded
variety, increasing the concentration of pH 10
nanoparticles raised their ERI values however, high
concentrations of the pH 12 nanoparticles lowered the
ERI values of the black seeded variety but increased that
of the pale seeded variety, implying that better growth
uniformity could be achieved using lower concentrations
of nanopatrticles of all pH levels.

Conclusion

Zinc oxide nanoparticles of three pH levels were
biosynthesized using O. gratisimum and V. amygdalina x



1488 Afr. J. Biotechnol.

Table 1. Summary of the treatments that produce good results for species.

0g Zn0 nano fertilizer

Va ZnO nano fertilizer

Parameter BT Seed variety/Results ~ WT  Seed variety/Results BT Seed variety/Results WT Seed variety/Results
% E P1N2 PS (69 %) P3N1 BS (29 %) P3N1 PS (67 %) P2N1 PS (34 %)
El P1N2 BS (2.28) P3N2 BS (3.47) P1N2 PS (2.34) P3N2 BS (4.26)
ERI PIN3 PS (3.89) P3N1 BS (9.11) P3N1 PS (3.33) P3N3 BS (9.33)

PS— Pale- seeded Amaranth. P1 = pH 8, P2 = pH 10, P3 = pH 12. N1 = 10 mgl™; N2 = 100 mgl™*; N3 = 500 mgl™*; BS— Black seeded Amaranth: BT

—Best treatments; WT - Worst treatments.

biosynthesized using O. gratisimum and V. amygdalina
and characterized using optical spectroscopy and
electron microscopy. They were found to be spherical in
shape with sizes which were found to be pH dependent.
Higher pH zinc oxide nanoparticles were smaller in size
than the lower pH zinc oxide nanoparticles for both the
Og and Va zinc oxide nanoparticles. The Va zinc oxide
nanoparticles were more sensitive to light giving a higher
UV-Vis absorbance peak than the Og zinc oxide
nanoparticles, with a lower UV-Vis absorbance peak.

The TEM images showed the nanoparticles to be
spherical in shape and of a range of sizes while the SEM
micrographs present them as aggregated entities with
sizes which were pH dependent. The FTIR scans of the
zinc oxide nanoparticles showed functional groups
present in the nanoparticles and point to the presence of
biomolecules such as flavonoids, phenols and
polysaccharides which probably aided the reduction of
the zinc ions to zinc nanoparticles.

Colloidal solutions of zinc oxide nanoparticles of three
different pH values were used as fertilizer for growing
pale and black seeded A. cruentus. A significant positive
effect of the prepared nanofertilizer on the seedling
characteristics was observed as the blank control seeds
gave poorer results when compared with the treated
seeds. The treatments which resulted in best and worst
results are as shown in Table 1. While high
concentrations of the Og ZnO nanoparticles of all three
pH levels raised the percent emergence of the black
seeded variety, high concentrations of the pH 12 Va ZnO
nanoparticles and lowered the percent emergence of
both seed varieties.

Increased concentrations of Og ZnO nanoparticles of
all pH levels gave high El values and hence poor growth
uniformity of the two seed varieties. Lower concentrations
of Og ZnO nanoparticles of all pH levels gave the pale
seeded variety low ERI values and showed that all seeds
of that variety could germinate in four days as against the
black seeded variety, which needed as much as ten days
for the germination of all its viable seeds. This work
showed that pH and concentration of the colloidal
solution of the zinc oxide nanoparticles used as nano
fertilizer affected the seedling characteristics of the
cultivated seeds and corroborated the results of similar
researches (Lu et al., 2001; Stampoulis et al., 2009) on

other crops, which attest to the effectiveness of nano zinc
oxide in seedling growth.

Since none of the zinc oxide nanoparticles treatments
choked the planted seeds, the biosynthesized ZnO
nanoparticles could be explored for possible use as an
active ingredient of a nanofertilizer and could supplement
the role of organic fertilizer, whose current supply does
not seem to meet demand. Furthermore, this work can
chart a new course for the two leaves O. gratisimum and
V. amygdalina used rather than their present use only for
food and medicinal values.
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