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Abstract: Mounting-up economic losses to annual crops yield due to micronutrient deficiency, fertiliser inefficiency and
increasing microbial invasions (e.g. Xanthomonas cempestri attack on tomatoes) are needed to be solved via nano-
biotechnology. So keeping this in view, the authors’ current study presents the new horizon in the field of nano-fertiliser with
highly nutritive and preservative effect of green fabricated zinc oxide-nanostructures (ZnO-NSs) during Lycopersicum
esculentum (tomato) growth dynamics. ZnO-NS prepared via green chemistry possesses highly homogenous crystalline
structures well-characterised through ultraviolet and visible spectroscopy, Fourier transform infrared spectroscopy, X-ray
diffraction and scanning electron microscope. The ZnO-NS average size was found as small as 18 nm having a crystallite size
of 5nm. L. esculentum were grown in different concentrations of ZnO-NS to examine the different morphological parameters
includes time of seed germination, germination percentage, the number of plant leaves, the height of the plant, average number
of branches, days count for flowering and fruiting time period along with fruit quantity. Promising results clearly predict that bio-

fabricated ZnO-NS at optimum concentration resulted as growth booster and dramatically triggered the plant yield.

1 Introduction

The number of people below poverty line is increasing
logarithmically and about 8 billion people around the globe are
suffering from acute food shortage [1]. The traditional plant
fertilisers applied exhibits multiple limitations such as high dosage
requirement, environmental hazards such as soil and water
pollution, cytotoxicity for other species etc. Excess use of nitrogen
and phosphate-rich fertilisers may cause water spills (due to higher
organic contents and algal blooms), which ultimately affect the
fresh water resources and make them contaminated. Each year
agriculturalists have to plan huge amount of budget to manage
fertiliser demands, resulting in loss of economic values [2].

Zinc being essential plant nutrients play a vital role in
maintaining plant cellular metabolism. Biocatalysts which become
functional through zinc ionic species are concerned with
hydrocarbons metabolism, maintenance of cellular membranes,
leaf morphology, physiology of membrane, protein production etc.
[3, 4]. Zinc deficiency results in the arrested growth, loss of water
uptake, chlorosis, reduction in leaves size, malfunctioning of
flowers and some time loss of fertility [5]. It is being observed that
zinc also plays an important role to tune the plant behaviour for in
time response in several kinds of stresses by light energy,
temperature and fungal infections and it also reduces the adverse
effects of salt and heat shock [5]. However, in bulk form, zinc (Zn)
performance was found limited due to the smaller specific surface
area and lower surface energy ratio.

In modern biotechnological advancements, work on
nanostructure (NS) is one of the eye-catching and dynamic regions
of research. NS encloses a wide range of modern applications due
to their extremely sized, tuned structure and physio-chemical
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properties in agriculture industries [6, 7]. Although there are so
many routes to engineer application targeted NS but plants were
proved to be the best choice due to least cytotoxicity and greater
biocompatibility [8]. Evolution in green chemistry had resulted in
the development of traditional agriculture methodologies to
modern industrial agriculture in the last decade. Among all
reported metallic oxide NSs so far, Zn oxide-NS (ZnO-NS) being a
noteworthy type of metal oxide NS is broadly used in gas sensors,
solar energy conversion, catalysis, bio-medical applications and
high-temperature sensitive superconductors with sole features and
superior efficiency [9].

Lycopersicum esculentum placed with the family Solanaceae
(nightshade family), which is a diploid plant having chromosomes
numbers 2n =24 and fall into the category of perennial herbaceous
plant. L. esculentum usually grows to the height of 2-3 m with
weak and short woody stem having yellow flowers. Fruits vary in
size from 1 to 10 cm in diameter showing red colour when fully
ripen [10]. L. esculentum is as a significant nutritive crop around
the globe holding the rich source of vitamin C, A and lycopene
compound, which is a potent antioxidant having the capability to
protect the cellular environment from free radicals (OH™, O, etc.)
damage [11].

Keeping in view the agronomics of L. esculentum, our team has
followed a facile green fabrication route for ZnO-NS engineering.
The purpose of this paper is to elaborate and understand the
biocompatibility, cytotoxicity and supplementary behaviour of
photo-synthesised ZnO-NS on L. esculentum. The main growth
dimensions which were investigated include seed germination
time/percentage, number of leaves, height of the plant and totality
of number of branches, flowering time period and fruiting time
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Fig. 1 Step-wise schematic explanation of ZnO-NS green synthesis

period along with fruit quantity. All of the plants were also
separately studied to observe any kind of morphological
modifications. It is promisingly said that our work would open new
horizons in the field of nano-biotechnology.

2 Experimental Section

2.1 Facile bio-synthesis of ZnO-NS through Olea europaea
leaf extract

The certified O. europaea leaves were collected from Barani
Agricultural Research Institute, Chakwal. To make leaf extract, 40
g of shade-dried leaves were finely grinded and put in 400 ml of
dH;0. The prepared mixture was put in shaking incubator for 2.5 h
set at 40°C and 50 rpm. In the next step, mixture was filtered using
Whatman filter paper no. 1. About 4.38 g of Zn(CH3COO), -
2H,0 (Sigma-Aldrich) was added in 200 ml of the leaf extract and
placed at Scilogex-magnetic stirrer set to 50°C at ~1500 rpm for
~3 h. Thereafter, the reaction mixture was repeatedly loaded in
GR-BioTek centrifuge at ~12,000 rpm for 10 min; pellets were
deposited at the bottom of the tubes and were collected. To
completely washout uncoordinated bioactive compounds, washing
with dH,O was performed thrice. ZnO-NS separated out was dried
using Memmert-hot air oven at 60°C for ~6 h. Furthermore, to
improve the crystallisation of as-prepared ZnO-nano-powder,
calcinations were performed in Gallenkamp-furnace at 400°C for
~3h.

2.2 Characterisation of bio-synthesised ZnO-NS

Surface morphology of green-synthesised ZnO-NS was examined
through scanning electron microscope (SEM) analysis using JOEL
JSM 6490LASEM operating at 20kV [together with energy
dispersive X-ray (EDX) spectroscopy]. Crystallographic nature of
bio-synthesised ZnO-NS was accomplished using copper (Cu)-Ka
radiation [A (wavelength) = 1.54060 A] with nickel monochromator
in the range of 20 between 20° and 80° with step size 0.2°.
Scherrer's formula (1) is used to calibrate the average crystallite
size. In addition, to evaluate the optical and vibrational
characterisation of as-prepared ZnO-NS samples, ultraviolet—
visible (UV—-vis) absorption spectroscopy [PerkinElmer Lambda
200 UV—-vis/near infrared (IR)] and Fourier transform IR (FTIR)
spectroscopy (SHIMADZU FTIR) of ZnO-NS were carried out
using potassium bromide pellet technology in the wave number

ranging 400-4000 cm™ ..

2.3 Collection and processing of plant material

Mature seeds of L. esculentum mill variety (money maker) were
collected from National Agricultural Research Centre, Islamabad,
Pakistan. First of all, seeds were soaked in ddH,O for 24 h at room
temperature to break their dormancy and then dried on filter paper.
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For sterilisation purpose, seeds were washed with detergent and
distiled water for 1-2 min. After that seeds were washed with 70%
ethanol for 2 min. Then, seeds were placed in 50% Clorox solution
and washed again with ddH,O for 3 min. All glassware and tools
were autoclaved before seed surface sterilisation in order to avoid
any contamination.

2.4 Treatment of L. esculentum seeds with ZnO-NS

Treatment concentrations of ZnO-NS suspensions were 0.01, 0.03
and 0.05% v/v along with the untreated seeds as controlled one.
About 20 seeds were added in each suspension and placed for 7-8
h and were dried on filter paper.

After treatment with ZnO-NS suspension, seeds were shifted to
pots. About 40 pots were taken and filled with peat moss, soil and
sand in a ratio of 1:1:1. The pots were kept in green house. Ten
pots were taken for each treatment. About 10 seeds from each
treatment were taken and sown in pots. There was one seed per pot.
L. esculentum seeds were kept at a depth of 1-2 cm and seeds were
covered with the soil. Pots were irrigated regularly. Seeds were
germinated after 15 days. In ten pots, untreated seeds as controlled
were sown. The pots were regularly irrigated with care.

Different parameters and morphological characters were
observed, which includes germination percentage, time of
germination, the height of the plant, number of leaves, number of
branches per plant, number of days to flowering, number of days to
fruiting and number of fruits per plant.

2.5 Statistical analysis

Statistical analysis of the data was performed by two factorial
analysis of variance (Statistix 8.1 software).

3 Results
3.1 Bio-fabrication process of ZnO-NS, visual observation

Fig. 1 broadly elaborates green synthesis of ZnO-NS to perform
targeted application in agriculture biotechnology (nano-fertiliser).
Facile synthesis route lacks the use of hazardous acid-base
chemicals which make the process environmentally friendly and
eco-friendly. ZnO-NS prepared via green chemistry exhibits more
biocompatibility and least cytotoxicity.

3.2 Characterisation of prepared ZnO-NS

As of the SEM micrograph investigations (Fig. 2), it is quite much
obvious that ZnO-NS prepared via green chemistry route are highly
homogenous and spherical in shape owing average particle size of
18+ 5 nm. EDX analysis is shown in Fig. 3 depicts the elemental
percentage (i.e. by mass, 74.41% Zn and 25.59% O) of green-
synthesised ZnO-NS. EDX findings further confirmed that only Zn
and O ions are traced in the bio-synthesised NS with the same
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Fig. 2 SEM micrographs of bio-fabricated ZnO-NS
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Fig. 4 XRD spectrum of ZnO-NS

composition as marked at the era of the experiment. No phase
impurities of any kind were found in the prepared ZnO-NS.

It is a well-established fact that the reactivity of NS directly
depends on the pure phase, crystallite size and shape, so in order to
inspect the phase purity and typical crystallite size of the bio-
synthesised ZnO-NS, X-ray diffraction (XRD) procedure has been
employed. Fig. 4 demonstrates crystallographic examinations of
prepared crystallite size in the 26 ranges from 20° to 80° with step
size 0.2°. Numerous prominent Bragg peaks: (100), (002), (101),
(102), (110), (103) and (112) are seen in the XRD blueprint. To
measure microstructural crystallite size, Debye Scherrer formula is
applied in the equation below:

(t = 0.892/ B cos ) )
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where ¢ is the crystallite size, 4 represents the wavelength of
incident Cu Ka X-rays and £ is the full width at half maximum, in
radians, of the selected peak (101) at diffraction angle 6. It has
been calibrated that average crystallite size is closer to 5 nm.
Utilising non-destructive methodology, i.e. UV spectroscopy,
the optical as well as structural properties of as-prepared ZnO-NS
have been shown in Fig. 5a. The sharp absorption peak at 350 nm
clearly indicates the presence of single-phase ZnO-NS and their
visible light activation capabilities at room temperature. Fig. 5b
further strengthens the pure molecular structure of bio-fabricated
ZnO-NS and shows vibrational modes of ZnO bonds present inside
the prepared sample around 500 cm™!. Furthermore, presences of
other functional group such as C-H, O-H (from surface—adsorbed
water) and C—-O (from capping agent) stretching vibrations can be

traced between 2800 and 4000 cm L.
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3.3 Effect of different concentrations of ZnO-NS on L.
esculentum growth parameters

Time of germination was recorded when the first seedling appeared
in the pot. Pots have been regularly irrigated and observed. In
untreated (controlled) pots, germination started after 15 days of
sowing. After 15 days of sowing, germination percentage was also
determined by using the following formula as shown in Table 1:

number of seeds germinated
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Fig. 5 Utilising non-destructive methodology
(a) UV plot, (b) FTIR spectrum analysis of bio-fabricated ZnO-NS

The height of the plant was measured through scale when the
age of plant was 60 days. While numbers of leaves and branches of
plants were counted when the age of plant is 90 days. Data was
collected and manipulated statistically as illustrated in Table 2.

Fig. 6a shows the average height of plants. In case of control,
heights of eight plants were measured, whereas in case of 0.01 g/l
ZnO-NS treatment, the heights of seven plants were measured and
ranged from 27 to 47 cm. The average height of the plant was
36.71 cm and variance were 60.571. In case of 0.03 g/l ZnO-NS
treatment, the heights of total nine plants were measured. Height
ranged from 25 to 45 cm. In this case, the average height of plant
was 36.66 cm and variance was 42.75. At concentration 0.05 g/l
ZnO-NS treatment, the heights of total eight plants were measured
ranged from 20 to 35 cm. In this connection, average heights of
plants were 29.25 cm and variance was recorded as 32.7.

Numbers of leaves of plants were counted when the age of the
plant was 90 days. Comparison of an average number of leaves per
plant in controlled and ZnO-NS-treated plants are given in Fig. 6b.
In case of controlled, number of leaves of total five plants were
counted and number ranged from 20 to 90. The average number
was 59.6. At concentration 0.01 g/l ZnO-NS-treated plants,
numbers of leaves of total nine plants were counted. A number of
leaves, in this case,, ranged from 80 to 178. The average number of
this treatment was 142.11. On the other hand, in case of 0.03 g/l
ZnO-NS-treated plants, number of leaves of total eight plants were
calculated and this number ranged from 70 to 150. The average
number, in this case,, was 104.625. In 0.05 g/l ZnO-NS
concentration treatment, leaves of total six plants were calculated.
Numbers of leaves, in this case,, ranged from 35 to 104. An
average number of leaves in this connection were recorded as
69.66.

Numbers of branches were also calculated over 90 days.
Comparison of an average number of branches per plant in
controlled and ZnO-NS-treated plants is given in Fig. 6¢. In
untreated (controlled) plants, number of branches of five plants
were calculated. A number of branches in controlled plants ranged
from 5 to 14. In case of the controlled group, an average number of
branches were ten. Meanwhile, in case of 0.01 g/l ZnO-NS-treated
plants, number of branches of total eight plants were calculated.
The number ranged from 10 to 18. So, in this case, average was
13.66. At concentration of 0.03 g/l ZnO-NS treatment group,
numbers of branches of eight plants were calculated, and in this
case number of branches ranged from 9 to 17.

Days to flowering were observed and recorded from the date of
sowing for the appearance of the first flower on the plant as shown
in Fig. 7a. In a controlled group, flowering starts after 120 days.
Days to flowering in controlled group ranged from 120 to 125 days
in three plants. Average days to flowering were 122.66 days. At
concentrations (ZnO-NS) of 0.01 g/1, flowering starts after 90 days.
Flowering ranged from 90 to 99 days in nine plants. In this case,
average was 95.55 days. While in case of 0.03 g/l ZnO-NS-treated
plants, flowering started after 93 days. Days to flowering of seven
plants, in this case, ranged from 93 to 105 days. Average days to
flowering were 98.71 days. Meanwhile, at concentration 0.05 g/l,
flowering starts after 95 days. Days to flowering of seven plants, in

Table 1 Germination percentage in controlled and ZnO-NS-treated seeds of L. esculentum

Treatment Time of germination Germination, %
controlled 15 days 50
0.01 g/l 13 days 80
0.03 g/l 13 days 60
0.05 gl 14 days 50

Table 2 Variances of different morphological characters in ZnO-NS-treated and untreated plants of L. esculentum

Treatment Plant height Total number of branches Total leaves count Days to flowering Days to fruiting Number of fruits/plant

controlled 10.41 15 953.3 6.33 20.33 14.55
0.01 g/l 60.57 7.25 1375.86 10.77 20.69 21.61
0.03 g/l 42.75 7.92 833.96 17.90 41.3 19.26
0.054l/l 32.7 9.36 744.66 12.33 27.46 32.8
408 IET Nanobiotechnol., 2018, Vol. 12 Iss. 4, pp. 405-411

© The Institution of Engineering and Technology 2017



- 45
E 4 T
‘é 35
= _ 30
5 % 25
£3 5 T
Ho
@e 15 —
@ 10 +—
5 c
b 0 - T T T
controlled 0.01g/L 0.03g/L 0.05 g/L
ZnO-NS Treatment
a
180
o
E 160
@ 140
® 120 T
é 100 .
g 80
S 60 —
g 40— —
g 20— —
< o : : :
controlled 0.01g/L 0.03g/L 0.05g/L
ZnO-NS Treatment
b
9 16
S 14
&
5 12 +
k]
3
2
£
3
c
[
(]
i
g
< - ; ;
controlled 0.01g/L 0.03g/L
ZnO-NS Treatment
c

Fig. 6 Overall Growth measurements in plants

(a) Average height of L. esculentum in controlled and ZnO-NS-treated seeds, (b)
Average number of leaves per L. esculentum in controlled and ZnO-NS-treated plants,
(¢) Average number of branches per L. esculentum in controlled and ZnO-NS-treated
plants

this case ranged from 95 to 105 days. Average days to flowering
were 100 days.

A number of fruits of treated and untreated plants were counted
and represented in Fig. 7b. In case of controlled group, numbers of
fruits of eight plants ranged from 4 to 15. In this case, an average
number of fruit per plant was recorded as 9.37. In case of 0.01g/1,
numbers of fruits of nine plants were counted. The number ranged
from 9 to 22. In this case, average numbers of fruits were 15.88.
On increasing the concentration of ZnO-NS to 0.03 g/l, numbers of
fruits of eight plants were ranged from 8 to 20. The average
number in this case was 14.12. At 0.05 g/l ZnO-NS-treated plants,
numbers of fruits of six plants ranged from 5 to 19. Average
number of fruits was 12 in observed plants.

During the morphological study of L. esculentum, it was noted
that flower of 0.01 g/ treatment group has six petals, whereas the
controlled and other treatment groups, i.e. 0.03 and 0.05 g/l have
five petals. This interesting investigation shows that ZnO-NS at
lower concentration had affected the plant at the genetic level and
this effect produced the six petalled flowers, which in turn
produced the big-sized fruit on the plant. Comparison of flowers of
0.01, 0.03, 0.05 gl and controlled group are shown in Fig. 8.

4 Discussion
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(a) Average number of days to flowering in ZnO-NS-treated and controlled L.
esculentum, (b) Average number of fruit per plant in ZnO-NS-treated and controlled L.
esculentum

4.1 Characterisation analysis of prepared ZnO-NS

As reported in our previous investigations that O. europaea leaves
extract owns plenty of bioactive molecules involved in reducing
metallic compounds into uniformed and stable NS [12]. Same in
this case, highly homogenous and spherical morphology of green-
synthesised ZnO-NS (Fig. 2) confirms successful capping action of
bio-molecules from O. europaea aqueous extract around ZnO-NS.
All of the peaks in XRD prints are found accurate to JCPDS Card
No. 36-1451, which clearly hints the formation of single-phase
crystallised ZnO-NS without any other impurities. Meanwhile,
optical properties are of worth importance in tailoring the
behaviour of NS at room temperature under visible light [13]. UV
prints (Fig. 5a) show a sharp peak at 350 nm, which reflects a
dramatic change in band gap energies of prepared ZnO-NS. This
photo-induced activation of ZnO-NS is a key factor for enhanced
cellular activity. The molecular stability, mode of vibrational
energies and single pure phase of bio-fabricated ZnO-NS show
vibrational modes of ZnO bonds at 500 cm™! (Fig. 5b). At
extremely small size, similar stretching modes for ZnO have been
reported previously [14, 15].

4.2 Investigations of green-synthesised ZnO-NS on L.
esculentum (growth parameters)

It has been reported in prior observations that commonly used plant
fertilisers required large dosage with higher economic values.
Apart from that they possess lower performance. This is because of
low cellular absorption, small surface area to size ratio, lower ionic
discharge at cellular levels, higher activation energy and lower
molecular stability [2, 16]. The plant metabolic machinery has to
charge a tremendous amount of cellular adenosine triphosphate to
deal with these limitations. This ultimately results in higher disease
susceptibility, lower pest resistance and poor annual yield [2]. On
the other hand, our experimental findings show that nano-grade
optimisation of ZnO-NS as nano-fertiliser using green chemistry
has successfully removed these shortcomings. As shown in Fig. 9,
as compared with bulk applied traditional fertilisers, enzyme
activity can easily be boosted with nano-fertiliser. Owing to the
extremely small particle size of <50 nm, ZnO-NS exhibits larger
surface area to charge ratio. This will help ZnO to disassociate
rapidly in the cytosol of the targeted plant. It can be predicted that
rapid discharge of highly photo-induced ZnO-NS helps cellular
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enzymes to perform precise and efficient photosynthesis or
photorespiration.

It is a well-established fact that the plant cellular metabolism is
purely dependent on enzyme performance [17]. Plants such as
Punica granatum and Saccharum officinarum show reduced
photosynthetic carbon metabolism due to Zn deficiency [18, 19].
Zn being vital plant nutrients regulate the catalytic behaviour of
carbonic anhydrase, a biocatalyst that monitors the conversion of
carbon dioxide to reactive bicarbonate ions for fixation to variety
of carbohydrates in plants. Zn is also part of numerous other
enzymes such as superoxide catalase and dismutase, which
prevents reactive oxygen species (ROS) stress in plant cells [20,
21]. Enzymes activation energy relies on binding of more energised
and accurate co-factor during catalysis. This co-factor will
facilitate the successful binding of the substrate molecule (target)
to the enzyme catalytic site [22]. Zn is one of the vital metallic
ions, which are utilised by enzymes (polymerases, kinases,
dehydrogenases, phasphatases etc.) during the process of
photosynthesis. It is well-understood that most of the enzymes
required metallic ions (Zn*, Cu" etc.) as co-factor for their proper
functionality. Availability and reactivity of these metallic ions at
the cellular level are important indicators for normal plant growth
[23-25]. In our presented ZnO-NS-based nano-fertiliser system,
maximum plant growth is resulted, which reflects the supreme
performance of cellular enzymes (Fig. 9).

In a recent investigation, zinc improves the cation-exchange
capacity of the roots, which thus upgrades assimilation of basic
supplements, particularly nitrogen which is in charge of higher
protein content. Zn assumes imperative part in sugar and protein
digestion system and also it controls plant development hormone,
i.e. indole acetic acid [26]. These realities show that the
accessibility Zn to seed or high Zn content inside the seeds amid
seed germination has essential physiological parts in seed
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germination and early seedling development. In our paper, green-
synthesised ZnO-NS may also act as a positive chemical inducer
for both cellular and genomic alterations (such as targeting ‘zinc
finger transcription factor’ etc.) in L. esculentum cells.
Interestingly, ZnO-NS at a smaller dosage of 0.01 g/l brings
genetic alterations with the appearance of an additional petal than
normal in L. esculentum. Similar growth improvement with an
extremely low concentration of 30 pg/l of NS was reported for
Allium cepa [27]. Same in case of Arachis hypogaea plant, root
length, seed germination, seedling vigour index and yield at 1000
ppm showed a significant increment as compared with untreated
seed. However, at higher concentration of NS around 2000 ppm, all
these growth parameters showed a significant decrease [26].
Metallic NS at higher concentration may cause cellular damage,
which may be due to genotoxicity, ROS (mainly hydroxyl and free
O radicals) etc. [28-30]. So, ZnO-nano-fertiliser should not accede
to the optimum level.

5 Conclusion

Green synthesis has proved to be the most dependable,
biocompatible and preferably economical procedure to fabricate
extremely fine-sized metallic oxide NS. This greater
biocompatibility is important for metallic oxide NS in connection
for safer mode of trails on living tissues. Owing to the homogenous
size of 18 £ 5 nm, smaller crystallite size, photo-induced activation
energy, high reactivity with the large surface area and ZnO-nano-
fertiliser has successfully supplemented the growth parameters in
L. esculentum. We have experimentally proved that low dosage
with higher efficiency can save time and economics. Antimicrobial
potential of ZnO-NS is also very promising and will provide dual
effect along with supplementary behaviour. This will keep plant
seedlings infection free and will provide the optimum environment
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for rapid growth. We do not yet have appropriate findings about the
interaction of ZnO-NS during transcription or post-transcription,
so, molecular level studies required more research. Keeping in
view the importance of ZnO-nano-fertiliser, our team will perform
size dependent and bimetallic (CuO/ZnO) NS in future studies to
provide a complete package to farmers for higher economic yield.
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