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Abstract

A field experiment was carried out during 2017 and 2018 seasons at the
Agronomy Department Experimental Farm, Agriculture Faculty, Assiut Uni-
versity to study the effect of foliar spray time by different zinc oxide nanopar-
ticles concentrations (ZnO NPs) on production of maize. The experiment was
laid out in randomized complete block design (RCBD) using strip plot ar-
rangement with three replications. Zinc oxide nanoparticles concentration (tap
water without ZnO NPs (control), 100, 200 and 300 ppm) were allocated
horizontally, while, application time (8-10 leaves, tasseling and grain filling
stages) were arranged vertically. Results show that zinc oxide nanoparticles
concentrations did not affected significantly on all the studied traits in the both
seasons, Furthermore, the foliar spray time had a significant effect on grain
yield fed™' in the both season, grains weight plant in the first season only and
number of grains row™ in the second season only. Moreover, the interaction
between studied zinc nanoparticles concentrations and applications time in this
respect failed to be significant at 5% level of probability in the two growing
seasons. Whatever, the highest grain yield fed." mean value in the first season
(3090.00 kg) was recorded from maize plants which were sprayed by 100 ppm
of zinc oxide nanoparticles (ZnO NPs) at tasseling stage, while the corre-
sponding mean value in the second season (3846.00 kg) was achieved from
maize plants which were sprayed by 200 ppm zinc oxide nanoparticles at 8-10
leaves stage.

Keywords: Zinc Oxide nanoparticles, Growth stages, Grain yield and its compo-
nents, Maize.

Introduction

Maize (Zea mays L.), it 1is
widely cultivated throughout the
world and has the highest produc-
tion among all the cereals, is one of
the most important cereal crops of
the world and contributes to food
security in almost all the developing
countries. Maize, also known as
“queen of cereals” is by far the
largest component of global coarse-
grain trade and its importance lies in
the fact that it is not only utilized for
human food and animal feed but at

the same time it is also widely used
for corn starch industry, corn oil
production, baby corns etc. The crop
has tremendous genetic variability,
which enables it to thrive in tropi-
cal, sub-tropical and temperate cli-
mates. In Egypt, maize ranks the
second after wheat amongst cereal
crops grown in Egypt with regard
the harvested area and production.
According to FAOSTAT data base,
Egypt (2018) harvested 935,778
hectare of maize and produced
about 7.8 million tons of grains,
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with an average yield of 7.801 t ha™
(FAOSTAT, 2020). The local of
consumption of maize in Egypt is
about 16 million tons. So, Egypt
imports every year about nine mil-
lion tons of maize grains.

The, increasing maize produc-
tion to reduce the gap between pro-
duction and consumption are the
strategic aim. Therefore, a great at-
tention should be paid to overcome
or minimize the gap between maize
production and consumption, thus
increasing production per unit area
appears to be the main objective of
reducing the maize gap. Increasing
maize yield per unit area could be at-
tained by cultivating high-yielding
hybrids and implement recom-
mended cultural practices. The pro-
ductivity and quality of maize de-
pends on several factors like cli-
mate, agronomic management prac-
tices, varietal response, soil type etc.
The response of different maize
genotypes to zinc fertilization can
support the expression of Zn-
efficient and Zn-inefficient geno-
types.

Zinc (Zn) is considered an es-
sential micronutrient which plays
very important role in plant metabo-
lism by influencing the activities of
hydrogenase and carbonic anhy-
drase, stabilization of ribosomal
fractions and synthesis of cyto-
chrome, plant enzymes activated,
carbohydrate metabolism, mainte-
nance of the integrity of cellular
membranes, protein synthesis, regu-
lation of auxin synthesis and pollen
formation, regulation and mainte-
nance of the gene expression re-
quired for the tolerance of environ-
mental stresses in plants (Hafeez et
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al.,2013).

Nanoparticle is defined based
on the size at which fundamental
properties differ from those of the
corresponding bulk material (Ban-
field and Zhang, 2001). Nanoparti-
cles overlap in size with colloids,
which ranges from 1 nm to 1 mm in
diameter (Buffle, 2006). Novel
properties that differentiate nanopar-
ticles from the bulk material typi-
cally develop at a critical length
scale of under 100 nm. The “novel
properties” mentioned are entirely
dependent on the fact that at the
Nano-scale, the physics of nanopar-
ticles mean that their properties are
different from the properties of the
bulk material. Particle size may af-
fect agronomic effectiveness of Zn
fertilizers. Decreased particle size
results in increased number of parti-
cles per unit weight of applied Zn.
Decreased particle size also in-
creases the specific surface area of
a fertilizer, which should increase
the dissolution rate of fertilizers
with low solubility in water such as
zinc oxide (Mortvedt, 1992).

Foliar application of Zn re-
duces the micronutrient deficiencies
and it is an efficient method because
nutrients are easily absorbed through
leaves and is best option to compen-
sate micronutrient deficiencies in
shorter period.

A Few studies have investi-
gated the effects of nanoparticles on
corn growth. Among the metal ox-
ides, zinc oxide nanoparticles have
attracted attention due to their ex-
tensive properties. Zinc oxide is
recognized as a safe substance by
the United States Food and Drug
Administration. Zinc salts are used
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in the treatment of zinc deficiency
in humans. The antimicrobial ef-
fects of metal nanoparticles, includ-
ing zinc oxide nanoparticles, have
been noted in recent years. The con-
siderable antimicrobial effect and
low cost of zinc oxide nanoparticles
have led to them being considered
for application in the food industry
to reduce bacterial growth (Pandeye
etal., 2010).

So, the objective of this study
was to elucidate the effect of foliar
spray by different zinc oxide
nanoparticles concentrations on
grain yield and its components of
maize.

Materials and Methods

A field experiment was carried
out during 2017 and 2018 seasons
at the Agronomy Department Ex-
perimental Farm, Agriculture Fac-
ulty, Assiut University to study the
effect of foliar spray time by differ-
ent zinc oxide nanoparticles con-
centrations (ZnO NPs) on produc-
tion of maize. The soil structure of
the experimental site is clay, com-
prising of 42.60% clay, 30.40% silt
and 27% sand with pH of 8.02 and
EC 0.74dsm™.

Experimental treatments and de-
sign:

The experiment was laid out in
randomized complete block design
(RCBD) using strip plot arrange-
ment with three replications. Zinc ox-
ide nanoparticles concentration (tap
water without ZnO NPs (control),
100, 200 and 300 ppm) were allo-
cated horizontally, while, applica-
tion time (8-10 leaves, tasseling and
grain filling stages) were arranged
vertically. Each experimental unit
area was 10.5 m’.
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Cultural practices:

White single cross Hybrid
(S.C.128) grains were hand sown on
6™ and 11" June in the first and sec-
ond seasons, respectively. Grains
were sown in rows 80 cm apart in
hills spaced 25 cm. Plants were
thinned after complete emergence
before the first irrigation leaving
one plant per hill. Maize plants were
sprayed by the certain concentration
of ZnO NPs at the mentioned
stages. The preceding winter crop
was wheat in the both seasons. All
other recommended cultural prac-
tices for maize crop were done in
the both seasons.

Measured traits:

At harvest (after 120 days from
planting), random samples of five
guarded plants from each experi-
mental unit were taken at random to
determine the following characters:
Number of rows ear’, grains num-
ber row"', 100-grain weight (g),
grain weight plant” as well as grains
yield (kg/fed.): It was determined by
the weight of grains per kilograms
adjusted to 15.5 % moisture content
of each plot, then converted to
kg/fed.

Statistical analysis:

All collected data were ana-
lyzed with analysis of wvariance
(ANOVA) Procedures, using the
SAS Statistical Software Package
v.9.2 (SAS, 2008). Differences be-
tween means were compared by the
least significant difference (LSD) at
5% level of significant (Gomez and
Gomez, 1984).

Results and Discussion
1- Number of rows ear™

The illustrated data in Table 1

focus that the tested zinc oxide
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nanoparticles concentrations failed
to exert any significant influence at
5% level of probability on number
of rows ear' of maize in the two
growing seasons. Whatever, the
highest mean values of rows num-
ber ear’ trait (14.01 and 13.03 in
the first and second seasons, respec-
tively) were obtained from maize
plants which were sprayed by tap

water (control) in the first season
and from maize plants which were
sprayed by 100 ppm of zinc oxide
nanoparticles (ZnO NPs) in the sec-
ond season. In addition, increasing
ZnO NPs concentration than 100
ppm or non- ZnO NPs application
(control) led to decrease in number
of rows ear in the both seasons.

Table 1. Effect of Zinc Nanoparticles concentrations, application time and
their interaction on maize rows number ear” in 2017 and 2018 seasons.

Seasons 2017 2018
Zinc Application time (T) Application time (T)
Nanoparticles concentra-| 510 Tasseling Grain | Mean 8-10 Tasseling Grain | Mean
tions (C , ppm) leaves filling leaves filling
Control 14.15 13.60 14.30 14.01 12.20 13.07 13.05 | 12.77
100 ppm 13.60 13.70 14.20 13.83 13.10 12.90 13.10 | 13.03
200 ppm 13.90 13.20 13.80 13.63 12.80 12.52 12.30 | 12.54
300 ppm 13.85 13.85 13.40 13.70 12.52 12.75 12.75 | 12.67
Mean 13.87 13.58 13.92 — 12.65 12.81 12.80 | -----
F test and L.S.D 0.05 F test L.S.D 0.05 F test L.S.D 0.05
C N.S -— N.S -—
T N.S -— N.S -—
CXT N.S —- NS | e

Where, N.S mean non- significant at 5 % level of probability

These finding are in a good line
with those obtained by Similar
trend was observed by Afshar et al.
(2014), Tarafdar et al. (2014),
Ghasal et al. (2017), Ghasemi ef al.
(2017),Kandil and Marie (2017) and
Makarem et al. (2019).

Also, the presented data in Ta-
ble 1 denote that the number of rows
ear’ of maize did not reacted signifi-
cantly at 5% level of probability to
application time of zinc oxide
nanoparticles in the two growing
seasons. Whatever, when applica-
tion was done at late growth stages at
grain filling in first season or in tas-
seling growth stage at in the first
season it is increase number of rows
ear’' than the other studied applica-
tions time. Moreover, number of
rows ear' were 13.87, 13.58 and
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13.92 row ear’ in the first season as
the result of zinc application at 8-10
leaves, tasseling and grain filling
stages, respectively being, 12.65,
12.81 and 12.80 row ear’ in the
second season in the same order.
These findings are in a good line
with those obtained by Farnia and
Omidi (2015) and Amanullah ef al.
(2016).

Furthermore, the data exhib-
ited in Table 1 show that the inter-
action between studied zinc
nanoparticles concentrations and
applications time in this respect
failed to be significant at 5% level
of probability in the two growing
seasons. Whatever, the highest
number of rows ear' mean value
(14.30 row ear’ in the first season)
was recorded from maize plants
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which were sprayed by tap water
(control) at grain filling stage while,
the corresponding mean value in the
second season (13.10 row ear™') was
achieved from maize plants which
were sprayed by 100 ppm zinc oxide
nanoparticles at 8-10 leaves or grain
filling stages.
2- Grains number rows™

The illustrated data in Table 2
reveal that the tested zinc oxide
nanoparticles concentrations failed
to exert any significant influence at
5 % level of probability on number
of grains row” of maize in the two
growing seasons. Whatever, the
highest mean values of grains num-
ber row' trait (31.48 and 37.02)
were obtained from maize plants
which was sprayed by 100 and by
200 ppm of zinc oxide nanoparticles
(ZnO NPs) in the first and second
seasons, respectively. This is to be
logic since the same trend was ob-
served regarding ear length trait as
mentioned before. These finding are
in a good line with those obtained
by Similar trend was observed by
Afshar et al. (2014), Tarafdar ef al.
(2014), Ghasal et al. (2017),
Ghasemi et al. (2017), Kandil and
Marie (2017) and Makarem et al.
(2019).

Here too, the presented data in
Table 2 focus that the number of
grains row”" of maize did not re-
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acted significantly at 5 % level of
probability to application time of
zinc oxide nanoparticles in the first
season. On the contrary, the studied
zinc application times had a signifi-
cant effect on number of grains
row” of maize in the second season.
Thus, the highest mean value of
grains number row in the second
season (38.23 grain row') was re-
corded from maize plants which
were received zinc oxide nanoparti-
cles at 8-10 leaves stage. These find-
ings are in a good line with those ob-
tained by Farnia and Omidi (2015)
and Amanullah et al. (2016).

Moreover, the data exhibited
in Table 2 show that the interaction
between studied zinc nanoparticles
concentrations and applications time
in this respect failed to be significant
at 5% level of probability in the two
growing seasons. Whatever, the high-
est number of grains row' mean
value (35.40 grain row” in the first
season) was recorded from maize
plants which were sprayed by 100
ppm of zinc oxide nanoparticles
(ZnO NPs) at tasseling stage while,
the corresponding mean value in the
second season (39.40 grain row )
was achieved from maize plants
which were sprayed by 100 ppm
zinc oxide nanoparticles and tap
water at 8-10 leavesstage.
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Table 2. Effect of Zinc Nanoparticles concentrations, application time and
their interaction on maize grains number row” in 2017 and 2018 seasons.

Seasons 2017 2018
Zinc Application time (T) Application time (T)
Nanoparticles concentra- 8-10 Tasseling Grain Mean | 8-10 Tasseling Grain Mean
tions (C, ppm) leaves filling leaves filling
Control 30.95 28.55 28.95 |29.48 | 39.40 | 3520 | 34.63 | 36.41
100 ppm 27.85 35.40 31.20 | 31.48 | 39.40 | 34.40 | 34.50 | 36.10
200 ppm 30.75 32.30 30.60 | 31.21 | 38.70 | 35.41 | 36.97 | 37.02
300 ppm 33.10 32.90 28.30 | 31.43 | 3545 | 35.10 | 35.60 | 35.38
Mean 30.66 32.28 29.76 | ---—-- 38.23 | 35.02 | 3542 | --—--
F test and L.S.D 0.05 F test IL.S.D 0.05 F test IL.S.D 0.05
C IN.S — IN.S —
T IN.S — * 3.29
CXT IN.S — NS -

Where, N.S and * mean non- significant and significant at 5% level of probability

3- Hundred- grain weight (g)

The illustrated data in Table 3
denote that the tested zinc oxide
nanoparticles concentrations failed
to exert any significant influence at
5% level of probability on maize
seed index in the two growing sea-
sons. Whatever, the highest mean
values of seed index trait (34.42 and
33.06 g in the first and second sea-
sons, respectively) were obtained
from maize plants which was
sprayed by tap water (control).
These finding are in a good line
with those obtained by Afshar ef al.
(2014), Tarafdar et al (2014),
Ghasal et al. (2017), Ghasemi et al.
(2017), Kandil and Marie (2017)
and Makarem et al. (2019).

Furthermore, the presented
data in Table 3 clear that the maize
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seed index did not reacted signifi-
cantly at 5% level of probability to
application time of =zinc oxide
nanoparticles in the two growing
seasons. Whatever, when applica-
tion was done at early growth
stages in 8-10 leaves in the first
season or in late growth stage at
grain filling in the second season it is
encourage maize to produce the
heaviest grains. Moreover, seed in-
dex were 34.62, 33.92 and 33.18 g
in the first season as the result of
zinc application at 8-10 leaves, tas-
seling and grain filling stages, re-
spectively being, 32.85, 30.67 and
32.87 g in the second season in the
same order. These findings are in a
good line with those obtained by
Farnia and Omidi (2015) and
Amanullah et al. (2016).
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Table 3. Effect of Zinc Nanoparticles concentrations, application time and
their interaction on maize 100 grain weight (g) in 2017 and 2018 seasons.

Seasons 2017 2018

Zinc Application time (T) Mean| Application time (T) Mean
8-10 Tasseling Grain 8-10 | Tasseling Grain

Nanoparticles concen-| Jeaves fill- leaves fill-
trations (C , ppm) ing ing
Control 35.09 | 35.22 32.95 | 34.42] 33.75 | 32.07 3337 | 33.06
100 ppm 3445 | 3444 33.26 | 34.05] 32.86 | 30.66 33.57 | 32.36
200 ppm 34.79 | 34.00 33.43 | 34.07] 32.81 | 30.08 31.10 | 31.33
300 ppm 34.17 | 32.04 33.10 | 33.10] 32.00 | 29.89 3343 | 31.77
Mean 34.62 | 33.92 33.18 | - 32.85 | 30.67 32.87 | ----
F test and L.S.D 0.05 | F test L.S.D 0.0 F test L.S.D 0.05
C N.S o N.S o
T N.S o N.S o
CXT N.S o NS |-

Where, N.S mean non- significant at 5 % level of probability

Here too, the data exhibited in
Table 3 reveal that the interaction
between studied zinc nanoparticles
concentrations and applications time
in this respect failed to be significant
at 5 % level of probability in the
two growing seasons. Whatever, the
highest seed index means values
(35.22 and 33.75 g in the two respec-
tive seasons) were recorded from
maize plants which were sprayed by
tap water (control) at tasseling stage
and at 8-10 leaves stage, in the first
and second seasons.

4- Grains weight plant™ (g)

The illustrated data in Table 4
focus that the tested zinc oxide
nanoparticles concentrations failed
to show any significant influence at
5% level of probability on grains
weight plant' of maize in the two
growing seasons. Whatever, the
highest mean values of grains
weight plant’ trait (138.53 and
124.53 g in the first and second sea-
sons, respectively) were obtained
from maize plants which was
sprayed by 300 ppm of zinc oxide
nanoparticles (ZnO NPs) in the first
season and from maize plants which
were sprayed by 100 ppm of zinc ox-
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ide nanoparticles (ZnO NPs) in the
second season. This is to be logic
since the same trend was observed
regarding, number of rows ear’ and
grains number row™ traits as men-
tioned before. These finding are in a
good line with those obtained by
Similar trend was observed by Af-
shar et al. (2014), Tarafdar et al.
(2014), Ghasal et al. (2017),
Ghasemi et al. (2017), Kandil and
Marie (2017) and Makarem et al.
(2019).

Moreover, the presented data in
Table 4 denote that the application
time of zinc oxide nanoparticles had
a significant effect on grins weight
plant™ trait in the first season only.
While, the grins weight plant”’ of
maize did not react significantly at
5% level of probability to applica-
tion time of zinc oxide nanoparticles
in the second season. Thus, the high-
est mean value of grains weight
plant” in the first season (142.37 g)
was obtained from tasseling stage
application time. In addition, grains
weight plant’ were 125.63, 142.37
and 131.47 g in the first season as
the result of zinc application at 8-10
leaves, tasseling and grain filling
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stages, respectively being, 130.20,
100.63 and 107.27g in the second
season in the same order. These
findings are in a good line with
those obtained by Farnia and Omidi
(2015) and Amanullah ef al. (2016).

Furthermore, the data exhib-
ited in Table 4 show that the inter-
action between studied zinc
nanoparticles concentrations and
applications time in this respect
failed to be significant at 5% level
of probability in the two growing

seasons. Whatever, the highest
grains weight plant” mean value in
the first season (146.36 g) was re-
corded from maize plants which
were sprayed by 300 ppm of zinc
oxide nanoparticles (ZnO NPs) at
tasseling stage while, the corre-
sponding mean value in the second
season (146.77 g) was achieved
from maize plants which were
sprayed by 100 ppm zinc oxide
nanoparticles at 8-10 leaves stage.

Table 4. Effect of Zinc Nanoparticles concentrations, application time and
their interaction on maize grains weight plant” (g) in 2017 and 2018 sea-

sons.
Seasons 2017 2018

Zinc Application time (T) Application time (T)
Nanoparticles concen- 8-10 Tasseling (.}r?in Mean| 8-10 Tasseling (.}r?in Mean
trations (C , ppm) leaves filling leaves filling

Control 137.83 | 137.73 132.30 | 135.95| 112.39 | 81.34 91.96 95.23

100 ppm 112.45 | 146.08 130.19 | 129.57| 146.77 | 110.98 115.86 124.53

200 ppm 115.86 | 139.32 130.55 | 128.57] 128.75 | 101.54 107.14 112.47

300 ppm 136.38 | 146.36 132.87 | 138.53| 132.89 | 108.67 114.13 118.56

Mean 125.63 | 142.37 131.47 | ----- 130.20 | 100.63 107.27 —

F test and L.S.D 0.05| F test L.S.D 0.05 F test L.S.D 0.05

C N.S - N.S —

T * 1.75 N.S o

CXT N.S — NS | e

Where, N.S and * mean non- significant and significant at 5 % level of probability

5- Grains yield fed.” (Kg)

The illustrated data in Table 5
reveal that the tested zinc oxide
nanoparticles concentrations failed
to show any significant influence at
5% level of probability on grains
yield fed.! of maize in the two
growing seasons. Whatever, the
highest mean values of grains yield
fed." (2729.01 and 2759.01 kg in
the first and second seasons, respec-
tively) were obtained from maize
plants which was sprayed by 200
ppm of zinc oxide nanoparticles
(ZnO NPs) in the first season and
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from maize plants which were
sprayed by tap water (control) in the
second season. This is to be logic
since the same trend was observed
regarding number of rows ear’,
grains number row' and grain
weight plant” traits as mentioned
before. These finding are in a good
line with those obtained by Similar
trend was observed by Afshar ef al.
(2014), Tarafdar et al (2014),
Ghasal et al. (2017), Ghasemi ef al.
(2017),Kandil and Marie (2017) and
Makarem et al. (2019).
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Table 5. Effect of Zinc Nanoparticles concentrations, application time and
their interaction on maize grains yield fed.-1 (kg) in 2017 and 2018 sea-

sons.
Seasons 2017 2018
Zinc Application time (T) Application time (T)
Nanoparticles con- . Grain | Mean | 8-10 . |Grainfill-| Mean
centrations (C, 8-10 leaves | Tasseling filling leaves Tasseling ing
ppm)
Control 2400.00 2767.50 |2385.00|2517.51|3222.00 | 2326.50 | 2728.50 |2759.01
100 ppm 2257.50 3090.00 |2430.00 | 2592.51 |3060.00 | 1602.00 | 2385.00 |2349.00
200 ppm 2586.00 2775.00 |2826.00|2729.01|3846.00 | 1738.50 | 2144.55 |2576.34
300 ppm 2331.00 2619.00 |2040.00 | 2330.01|2959.20 | 1738.50 | 2005.50 |2576.34
Mean 2393.64 2812.89 |2420.25| --——— |3271.80| 2538.00 | 2315.88 | -
F test and L.S.D 0.05 F test L.S.D 0.05 F test L.S.D 0.05
C N.S — N.S —
T * 117.50 * 242.50
CXT N.S o NS |-

Where, N.S and * mean non- significant and significant at 5 % level of probability

Moreover, the presented data in
Table 5 denote that the application
time of zinc oxide nanoparticles had
a significant effect on grins weight
plant” trait in the both seasons.
Thus, the highest mean values of
grain yield fed.! (2812.89 and
3271.80 kg in the first and second
seasons, respectively) were ob-
tained from tasseling stage applica-
tion time in the first season but, in
the second season was obtained
when application was done at 8-10
leaves stage. In addition, grain yield
fed.”! were 2393.64, 2812.89 and
2420.25 kg in the first season as the
result of zinc application at 8-10
leaves, tasseling and grain filling
stages, respectively being, 3271.80,
2538.00 and 2315.88 kg in the sec-
ond season in the same order. These
findings are in a good line with
those obtained by Farnia and Omidi
(2015) and Amanullah et al. (2016).

Furthermore, the data exhibited
in Table 5 show that the interaction
between the studied zinc nanoparti-
cles concentrations and applications
time in this respect failed to be sig-

nificant at 5% level of probability
in the two growing seasons. What-
ever, the highest grain yield fed.”
mean value in the first season
(3090.00 kg) was recorded from
maize plants which were sprayed by
100 ppm of zinc oxide nanoparticles
(ZnO NPs) at tasseling stage while,
the corresponding mean value in the
second season (3846.00 kg) was
achieved from maize plants which
were sprayed by 200 ppm zinc ox-
ide nanoparticles at 8-10 leaves
stage.
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