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Abstract

A field experiment was carried out during 2016/ 2017 and 2017/ 2018 seasons at
the Agronomy Department Experimental Farm, Agriculture Faculty, Assiut University
to study the effect of foliar spray time by different zinc oxide nanoparticles sizes on
productivity and quality of some bread wheat cultivars. The experiment was laid out in
randomized complete block design (RCBD) using split plot in strips arrangement with
three replications. Zinc dioxide nanoparticles size (control, 20.7, 23.0 and 27.0 nm)
were allocated horizontally, while, the three bread wheat cultivars (Sids-1, Sids-12 and
Gemmeaza-11) were arranged vertically and zinc spray time (30, 45 and 60 days after
planting) were assigned in sub plots. The obtained results show that the zinc oxide
nanoparticles sizes (ZnO NPs), bread wheat cultivars and zinc spray time variables had
a significant influence on all studied traits in the two growing seasons except the effect
of zinc application time on number of spikes m” and grain yield feddan™ traits in the
first season which was non- significant. In addition, the most first order interactions had
a significant effect on most studied traits in both seasons. Furthermore, the second order
interaction had a significant effect on all studied traits in both seasons. The highest
mean values of grain yield feddan™ (28.67 and 28.50 ardab feddan™ in the first and sec-
ond seasons, respectively) were obtained from planting Gemmeza-11 cultivar and
sprayed it by minimum size (20.7 nm) of ZnO NPs after 60 days from planting. More-
over, sowing Sids-12 cultivar and sprayed it by minimum ZnO NPs size (20.7 nm) at 30
days after planting recorded the maximum mean value of grains dry gluten content
(13.72 %) in the first seasons, while, the highest mean value of grains dry gluten content
(14.37 %) in the second seasons was achieved from planting Sids-1 cultivar and sprayed
it by minimum ZnO NPs size (20.7 nm) at 60 days after planting.
Keywords: Nano zinc oxide application time, Bread wheat cultivars, grain yield and quality

Introduction

Wheat crop (Triticum sp. L.) con-
siders the most important cereal crop in
the world with regard to cultivated area
and production. The cultivated area of
wheat in Egypt during 2017/2018 season
was about 1.32 million hectares with the
total yield production of 8.45 metric ton
(USDA, 2018). While the total consump-
tion reached about 19.6 million metric
tons. So, increasing wheat production in
order to reduce the gap between produc-
tion and consumption are the strategic
aim. Therefore, a great attention should
be paid to overcome or minimize the gap
between wheat production and consump-
tion, thus increasing production per unit

area appears to be the main objective of
reducing the wheat gap. Increasing
wheat yield per unit area could be at-
tained by cultivating high-yielding culti-
vars and implement recommended cul-
tural practices. The productivity and
quality of wheat depends on several fac-
tors like climate, agronomic manage-
ment practices, varietal response, soil
type etc. The response of different wheat
genotypes to zinc fertilization can sup-
port the expression of Zn-efficient and
Zn-inefficient genotypes.

Zinc (Zn) is considered an essen-
tial micronutrient which plays very im-
portant role in plant metabolism by in-
fluencing the activities of hydrogenase
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and carbonic anhydrase, stabilization of
ribosomal fractions and synthesis of cy-
tochrome, plant enzymes activated, car-
bohydrate metabolism, maintenance of
the integrity of cellular membranes, pro-
tein synthesis, regulation of auxin syn-
thesis and pollen formation, regulation
and maintenance of the gene expression
required for the tolerance of environ-
mental stresses in plants (Hafeez et al.,
2013).

Nanoparticle is defined based on
the size at which fundamental properties
differ from those of the corresponding
bulk material (Banfield and Zhang,
2001). Nanoparticles overlap in size with
colloids, which ranges from 1 nm to 1
mm in diameter (Buffle, 2006). Novel
properties that differentiate nanoparticles
from the bulk material typically 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 nanoparti-
cles mean that their properties are differ-
ent from the properties of the bulk mate-
rial. Particle size may affect agronomic
effectiveness of Zn fertilizers. Decreased
particle size results in increased number
of particles per unit weight of applied
Zn. Decreased particle size also in-
creases the specific surface area of a fer-
tilizer, which should increase the disso-
lution rate of fertilizers with low solubil-
ity in water such as zinc oxide (Mort-
vedt, 1992).

Many investigators detected the
differences amoung bread wheat geno-
types for grain yield and its attributes as
well as quality traits (El-Dahshouri et
al., 2017; Farag et al.,, 2018; Hassanein
et al., 2018; Mansour et al., 2018 and
Zenhom et al., 2018).

Regarding zinc spray time, El-
Dahshouri ef al. (2017) indicated that the
highest wheat grain yield and its compo-
nents were obtained by foliar application
of Zn at the tillering + stem elongation
growth stage followed by the tillering +
stem elongation + milking stages, while
the lowest mean values were obtained
from the control treatment.

The objective of this research was
to study the effect of foliar spray time by
different zinc oxide nanoparticles sizes
on productivity and quality of some
bread wheat cultivars.

Materials and Methods
Experimental site description:

This work was carried out during
2016/2017 and 2017/2018 seasons at the
Agronomy Department Experimental
Farm, Agriculture Faculty, Assiut Uni-
versity to study the effect of foliar spray
time by different zinc oxide nanoparti-
cles sizes on productivity and quality of
some bread wheat cultivars. The me-
chanical and chemical analyses of the
experimental soil are presented in Table
1.

Table 1. Some physical and chemical properties of the experimental soil.

Properties 2016/2017 2017/2018

Mechanical analysis:

Sand 27.00 27.80

Slit 23.00 22.20

Clay 50.00 50.00

Soil type Clay Clay
Chemical analysis:

pH 7.63 7.85
Organic matter % 1.80 1.70

Total N% 0.09 0.08

Experimental treatments and de-
sign:

The experiment was laid out in
randomized complete block design
(RCBD) using strip split plot ar-
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rangement with three replications.
Zinc dioxide nanoparticles size (con-
trol, 20.7, 23.0 and 27.0 nm) were al-
located horizontally, while, bread
wheat cultivars (Sids-1, Sids-12 and
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Gemmeaza-11) were arranged verti-
cally and zinc application time (30,
45 and 60 days after planting) were
arranged in sub plots. Each sub plot
area was 10.5 m’,

Cultural practices:

Wheat grains were hand sown
on 1* and 3™ December in the first
and second seasons, respectively.
Control plants were sprayed with wa-
ter (without ZnO NPs) while the oth-
ers were sprayed by the certain size
of ZnO NPs at the mentioned stages.
The ZnO NPs concentration was 300
ppm. The preceding summer crop
was maize in both seasons. All other
cultural practices recommended for
wheat crop were done in both sea-
sons.

Measured traits:

At harvest a random sample of
square meter from each experimental
unit was taken and the following
traits were recorded: Number of
spikes/m™ kernels weight/spike (g)
and thousand kernels weight (g).

Grain yield (Ardab/fed.): All
harvested plants for each experimen-
tal unit were threshed then grain
weighted and transferred into ar-
dab/fed. (ardab =150 kg, fed. = 4200
m°).

As well as, some quality traits were
determined as follows:

Test weight (kg/hectoliter):
One —quarter liter apparatus was used
to determine the test weight of grains.

Dry gluten content (%): Glu-
ten content was determined according
to the standard method described by
American Association of Cereal
Chemists (A.A.C.C., 2000) as fol-
lows, twenty grams of each sample
from the flour were placed in a con-
tainer. Ten cm’ water were added and
mixed then the dough pieces were
rolled into balls by hand then it was
placed in glass water on hour washed
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down using a little water and grabs
starch and stayed wet gluten content
then dried for 48 hours at 70 °C to
determined dry gluten.

Fermentation time (minutes):
Ten grams of each sample from flour
were putted in container, then 5.5 cm’
ferment (ferment was prepared by
solving 100- gram yeast in 1000 ml
water) was added and mixed, then the
dough pieces were rolled into balls by
hand then it was putted in glass con-
tained 80 ml water at 32 °C until the
dough balls were exploded.
Statistical analysis:

All collected data were analyzed
with analysis of variance (ANOVA)
Procedures, using the SAS Statistical
Software Package v.9.2 (SAS, 2008).
Differences between means were
compared by revised least significant
difference (RLSD) at 5% level of sig-
nificant (Gomez and Gomez, 1984).
Results and Discussion
1- Yield components traits:

1-a. Number of spikes m™:

Data in Table 2 reveal that zinc
oxide nanoparticles size (ZnO NPS)
had a significant (p< 0.05) effect on
number of spikes m™ in both seasons.
Minimized zinc nanoparticles size
increased number of spikes m” and
the highest mean values of this traits
were obtained from 20.7 nm of ZnO
NPs which were 501.78 and 473.11
spikes m™ in the first and second sea-
sons, respectively. Decreased particle
size increased number of particles per
unit weight of applied Zn, 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). Also, Hafeez et al.,
(2013) suggested that being an essen-
tial nutrient Zn plays a vital role in
plant growth and development. Zinc
also plays as an activator of enzymes
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in plants and is directly involved in
the biosynthesis of auxin, which pro-
duces more cells and dry matter that
in turn increased number of tillers in
wheat which was increased number
of spikes m™.

Moreover, the illustrated data in
Table 2 show that the tested bread
wheat cultivars varied significantly in
number of spikes m” in the two
growing seasons. Sids-1 cultivars
surpassed the others two cultivars in
this respect which registered 522. 06
and 485.83 spike m™ in the two suc-
cessive seasons, respectively. This is
may be due to the genotypic behavior
in combination with the environ-
mental conditions, which may be
suitable for sids-1 cultivar than the
rest cultivars. These results are in a
good line with those obtained by (El-
Dahshouri et al., 2017; Farag et al.,
2018; Hassanein et al., 2018; Man-
sour et al., 2018 and Zenhom et al.,
2018).

Also, the presented in Table 2
focus that the zinc time of application
had a highly significant (p< 0.01) ef-
fect on number of spikes m™ in the
second season only. The foliar spray
of ZnO NPs at 45 days from sowing
treatment produced the hizghest mean
value of spikes number m™ in the sec-
ond season. Similar trend was ob-
tained by El-Dahshouri et al. (2017).

Here too, the obtained data in
Table 2 clear that the most first order
interactions had a significant influ-
enced on number of spikes m™ in
both seasons. Furthermore, the exhib-
ited data reveal that the second order
interaction had a highly significant
(p< 0.01) effect on number of spikes
m™ in the two growing seasons. The
hi%hest mean values of spikes number
m™~ (562.67 and 564.00 spike m” in
the two respective seasons) were ob-
tained from sids-1 bread wheat culti-
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var which was sprayed by ZnO NPs
(23 nm) at 30 days after planting in
the first season, while the highest
mean value in the second season was
registered from sids-1 cultivar which
was sprayed by ZnO NPs (20.7 nm)
at 60 days after planting. Otherwise,
the lowest mean values of spikes
number m™~ (408.00 and 328.00 spike
m” in the two respective seasons)
were obtained from Gemmeza-11
bread wheat cultivar sprayed with
water (without ZnO NPs) at 45 days
after planting.
1-b. Thousand kernel weight (g):

It is evident from Table 3 that
1000 kernel weight trait was affected
significantly by the studied ZnO NPs
in the two growing season. The
heaviest grains were obtained from
the minimum Zn NPs size (20.7 nm)
which was produced the maximum
mean values of thousand kernel
weight (45.09 and 48.66 g in the two
respective seasons). The amount of
increment in thousand kernel weight
due to minimum ZnO NPs when its
compared to control treatment
reached about 6.98 and 6.69 % in the
first and second seasons, respectively.
This may be due to the small size of
ZnO NPs increase the zinc absorption
via wheat plants and consequently
increased  photosynthesis  process
which led to an increment in meta-
bolic translocation from sources to
sinks (kernels) resulted in fill grains.
These findings are in harmony with
those obtained by Afshar et al
(2014).

Here too, the exhibited data in
Table 3 reveal that the tested bread
wheat cultivars had a highly signifi-
cant (P<0.01) influence on thousand
kernels weight in both seasons. Gem-
meza-11 bread wheat cultivar re-
corded the maximum mean values of
seed index (48.32 and 52.24 g in the
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two respective seasons). This is may
be due to the genotypic behavior in
combination with the environmental
conditions, which may be suitable for
Gemmeza-11 cultivar than the rest
cultivars. Similar trend was observed
by Noureldin et al. (2013), Solomon
and Anjulo (2017) and Farag ef al.
(2018).

Furthermore, the illustrated data
in Table 3 focus that the zinc
nanoparticles application time had a
significant (P<0.05) effect on seed
index trait in the two growing sea-
sons. Delaying zinc application time
to 60 days after planting resulted in
an increase in thousand kernel weight
as compared to 30 or 45 days after
planting. The mean values of thou-
sand kernel weight in the first season
which were 43.30, 42.37 and 43.86 g
were obtained when the application
time of ZnO NPs was done at 30, 45
and 60 days after planting, respec-
tively being,46.97, 45.86 and 47.61g
in the second season in the same or-
der. These findings are in harmony
with those obtained by El-Dahshouri
et al. (2017).

Regarding the involved first or-
der interactions in this respect, the
data show that the all first order inter-
actions had a highly significant
(P<0.01) effect on 1000 kernel
weight in both seasons. Moreover, the
second order interaction had a highly
significant (P<0.01) influence on
1000 kernel weight trait in both sea-
son. The highest mean value of 1000
kernel weight (50.62 and 56.95 g)
were obtained from Gemmeza-11 and
Sids 12 bread wheat cultivars which
was sprayed by minimum size of
ZnO NPs (20.7 nm) at 30 days after
planting, in the first and second sea-
sons, respectively.

1-c. kernels weight spike™:
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It is clear from the data in Table
4 that the ZnO NPs had a highly sig-
nificant (P<0.01) effect on kernels
weight spike™ trait in the two grow-
ing seasons. Wheat plants which were
sprayed by small size (20.7 nm) of
ZnO NPs produced the highest mean
values of kernels weight spike™(2.99
and 3.26 g in the two respective sea-
sons). This is to be logic since the
same treatment produced the highest
mean values with regard to 1000 ker-
nel weight (Table 3) and conse-
quently produced the highest mean
values of kernel weight spike™. These
results are in agreement with those
obtained by Afshar et al. (2014).

The illustrated data in Table 4
prove that the studied bread wheat
cultivars varied significantly in ker-
nels weight spike” trait in both sea-
sons. Gemmeza-11 bread wheat cul-
tivar surpassed the others two tested
cultivars in this respect and registered
the highest mean values of kernels
weight spike”’ which were 2.97 and
3.59 g in the first and second seasons,
respectively. This is to be logic since
the same cultivar surpassed the others
two cultivars with regard to 1000
kernel weight trait and consequently
gained the highest mean values of
kernel weight spike™. Similar trend
was observed by Gheith et al. (2013);
Noureldin et al. (2013) and Seleem
& Abd El —Dayem (2013).

Furthermore, the presented data
in Table 4 reveal that the zinc appli-
cation time had a significant effect on
kernels weight spike™ trait in the first
season only. The maximum mean
value of kernel weight spike™(2.63 g)
in the first season was obtained when
ZnO NPs was sprayed at 45 days af-
ter planting.

Moreover, the exhibited data in
Table 4 prove that the all involved
first order interactions in this respect
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had a significant effect on kernels
weight spike” in the second season
only except the interaction between
zinc nanoparticles size and cultivars
which was significant in both sea-
sons. Also, the second order interac-
tion had a highly significant (P<0.01)
and significant (P<0.05) effect on
kernels weight spike” in the first and
second seasons, respectively. The
highest mean value of kernel weight
spike” (3.20 g) in the first season was
obtained from Gemmeza-11 bread
wheat cultivar which was sprayed by
minimum size of ZnO NPs (20.7 nm)
at 30 days after planting while, the
corresponding value (3.90 g) in the
second season was obtained from
Gemmeza-11 bread wheat cultivar
which was sprayed by ZnO NPs (23.0
nm) at 45 days after planting.

2- Grain yield trait (Ardab feddan

1):

Grain yield feddan™ trait was af-
fected significantly by the tested ZnO
NPs in the two growing seasons (Ta-
ble 5). The highest mean values in
this respect (25.77 and 26.20 ardab
feddan” in the two successive sea-
sons, respectively) were obtained
from wheat plants which were
sprayed by minimum size of ZnO
NPs (20.7 nm). While the lowest
mean values of grain yield feddan™
(21.95 and 21.20 ardab feddan™ in
the first and second seasons, respec-
tively) were obtained from wheat
plants which were sprayed by water
(control treatment, without ZnO
NPs). The amount of increment be-
tween ZnO NPs in minimum size
(20.7 nm) and control treatment
reached about 17.40 and 23.58 % in
the first and second seasons, respec-
tively. This is to be expected since
the same trend was observed with re-
gard to number of spikes m™ (Table
2) and kernel weight spike™ (Table 4)
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traits. Similar trend was observed by
Afshar ef al. (2014).

Furthermore, the illustrated data
in Table 5 reveal that the tested bread
wheat cultivars varied significantly at
5 % level of probability in grain yield
feddan” trait in both seasons. The
maximum mean values of grain yield
(24.62 and 24.81 ardab feddan™ in
two respective seasons, respectively)
were obtained from Gemmeza-11
bread wheat cultivar. This superiority
of Gemmeza-11 bread wheat cultivar
due to the superiority in kernels
weight spike”. Similar trend was ob-
served by Gheith er al (2013);
Noureldin et al. (2013); Fergani et
al. (2014); Elhag (2017) and Farag et
al. (2018). On the contrary, these re-
sults conflicted with those obtained
by Hassanein et al. (2018).

Here to, the presented data in
Table 5 prove that the zinc applica-
tion time treatment had a highly sig-
nificant (P<0.01) effect on grain yield
feddan” in the second season only.
Foliar spray by zinc oxide nanoparti-
cles at 60 days after planting pro-
duced the maximum mean value of
grain yield (25.98 ardab feddan” in
the second season).

Moreover, the all involved first
order interactions had a significant or
highly significant influence on grain
yield feddan™ in both seasons except
the interaction between cultivars and
zinc time of application in the first
season (Table 5). This is logic since
the same trend was observed with re-
gard to most studied yield compo-
nents traits.

Furthermore, the illustrated data
in Table 5 show that the second order
interaction had a significant (P<0.05)
effect on grain yield feddan'in both
seasons. The highest mean values of
grain yield feddan"(28.67 and 28.50
ardab feddan™ in the first and second
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seasons, respectively) were obtained
from planting Gemmeza-11 bread
wheat cultivar which was sprayed by
minimum size (20.7 nm) of ZnO NPs
after 60 days from planting.
Quality traits:

3-a. Test weight (kg/hectoliter):

Test weight trait reacted signifi-
cantly (P<0.05) to the tested ZnO
NPs in the two growing seasons (Ta-
ble 6). Minimization zinc nanoparti-
cles size increased this trait in both
season. The highest mean values of
test weight trait (74.46 and 77.93
kg/hectoliter in the first and second
seasons, respectively) were obtained
from wheat plants which were
sprayed by minimum size (20.7 nm)
of ZnO NPs with no significant dif-
ferences between this size and 23.0
nm size in both seasons.

Here too, the presented data in
Table 6 reveal that the studied bread
wheat cultivars varied significantly in
test weight trait in both seasons. Sids-
1 bread wheat cultivar produced the
highest mean values of test weight
trait which were 75.86 and 78.44
kg/hectoliter in the two respective
seasons. This is may be due to the
genotypic behavior in combination
with the environmental conditions,
which may be suitable for Sids-1 cul-
tivar than the rest cultivars. These
findings are in a good line with those
obtained by Akgun ef al. (2017).

Also, the illustrated data in Ta-
ble 6 prove that the tested zinc appli-
cation time treatments had a signifi-
cant (P<0.05) influence on test
weight trait in both seasons. Zinc
foliar spray at 30 days after planting
gained the highest mean value of test
weight trait (74.30 kg/hectoliter) in
the first season. While, the highest
mean value of test weight trait in the
second season (77. 62 kg/hectoliter)
was obtained when ZnO NPs was
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sprayed at 60 days after planting with
no significant differences between
this treatment and spray at 30 days
after planting.

Furthermore, the first order in-
teraction between zinc nanoparticles
size x cultivar failed to reach a sig-
nificant at 5% level of probability of
test weight trait in both seasons (Ta-
ble 6). Otherwise, the first order in-
teractions between zinc nanoparticles
size % time of application and culti-
vars X time of application had a sig-
nificant effect on test weight trait in
both seasons.

Moreover, the exhibited data in
Table 6 show that the second order
interaction had a highly significant
(P<0.01) and significant (P<0.05) ef-
fect on test weight trait in the first
and second seasons, respectively.
Sowing Sids-1 cultivar and sprayed it
by ZnO NPs (23.0 nm) at 30 days af-
ter planting produced the highest
mean value of test weight (77.5 kg/
hectoliter) in the first season. On the
other hand, sowing Gemmeza-11 cul-
tivar and sprayed it by ZnO NPs
(20.7 nm) at 60 days after planting
produced the highest mean value of
test weight (80.87 kg/ hectoliter) in
the second season.

3-b. Grains dry gluten content(%)

Exhibited data in Table 7 reveal
that the tested ZnO NPs sizes had a
highly significant (P<0.01) influence
on dry gluten percentage trait in the
two growing seasons. Wheat plants
which were sprayed by any ZnO NPs
size surpassed significantly wheat
plants which were sprayed with water
(control, without ZnO NPs) in this
respect. The highest mean values of
dry gluten percentage trait (11.02 and
11.39 % in the two respective sea-
sons) were recorded from wheat
plants which were sprayed by mini-
mum size of ZnO NPs (20.7 nm).
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Here too, the presented data in
Table 7 show that the studied bread
wheat cultivars varied significantly
(P< 0.05) with regard to dry gluten
percentage in both seasons. Sids-12
bread wheat cultivars superior the
other two cultivars in this respect and
recorded the highest mean values of
grains dry gluten content (10.45 and
11.28 % in the first and second sea-
sons, respectively). This is may be
due to the genotypic behavior in
combination with the environmental
conditions, which may be suitable for
Sids-12 cultivar than the rest culti-
vars. These findings are in a good
line with those obtained by EI-
Marakby et al. (2015) and Mansour et
al. (2018).

Furthermore, the presented data
in Table 7 focus that the zinc applica-
tion time had a highly significant
(P<0.01) effect on grains dry gluten
content in both seasons. wheat plants
which were sprayed by zinc nanopar-
ticles at 60 days after planting re-
corded the maximum grains dry glu-
ten content (10.50 and 11.40 % in the
two respective seasons).

Also, the obtained data in Table
7 reveal that the all first order interac-
tions had a highly significant or sig-
nificant effect on grains dry gluten
content in both seasons except the in-
teraction between zinc nanoparticles
size X zinc application time in the
second season and the interaction be-
tween cultivars x zinc application
time in the second season which
failed to reach a significantly at 5%
level of probability.

Moreover, the second order in-
teraction had a highly significant ef-
fect on grains dry gluten content in
the two growing seasons. Sowing
Sids-12 cultivar and sprayed it by
minimum ZnO NPs size (20.7 nm) at
30 days after planting produced the
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highest mean value of grains dry glu-
ten content (13.72 %) in the first sea-
sons. While, the highest mean value
of grains dry gluten content (14.37
%) in the second seasons was
achieved from planting Sids-1 culti-
var and sprayed it by minimum ZnO
NPs size (20.7 nm) at 60 days after
planting.

3-c. fermentation time (minutes):

The recorded data in Table 8
denote that zinc oxide nanoparticles
size (ZnO NPs) had a significant (P<
0.05) and highly significant (P< 0.01)
effect on fermentation time trait in
the first and second seasons, respec-
tively. Thus, all tested ZnO NPs sizes
surpassed significantly control treat-
ment (without ZnO NPs) in this re-
spect in both seasons. The highest
mean values of fermentation time
trait (44.08 and 45.56 minutes in the
two respective seasons) were re-
corded from wheat plants which were
sprayed by minimum size of ZnO
NPs (20.7 nm). This is to be logic
since the same trend was observed
with regard to dry gluten trait.

Furthermore, the exhibited data
in Table 8 prove that the studied
bread wheat cultivars varied in fer-
mentation time seasons. Sids-12 cul-
tivar registered the maximum time of
fermentation test which were 41.80
and 45.17 minutes in the first and
second seasons, respectively. This is
to be expected since the same cultivar
surpassed the rest cultivars in dray
gluten trait and consequently re-
corded the maximum mean values of
fermentation time.

Here too, the data presented in
Table 8 reveal that the zinc applica-
tion time had a significant (P< 0.05)
and highly significant (P< 0.01) ef-
fect on fermentation time trait in the
first and second seasons, respectively.
The maximum mean values of fer-
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mentation time trait (40.00 and 45.60

minutes in the two respective sea-

sons) were obtained from wheat
plants which were sprayed by ZnO

NPs at 60 days after planting. This is

to be logic since the same trend was

observed with regard to dry gluten
trait.

Concerning the interaction ef-
fect, data in Table 8 reveal that the all
involved first order interactions had a
highly significant effect on fermenta-
tion time in both seasons. In addition,
the second order interaction had a
highly significant influence on fer-
mentation time in the two growing
seasons. Thus, planting Sids-12 culti-
var and sprayed it by minimum ZnO
NPs size (20.7 nm) at 30 days after
planting produced the maximum
mean value of fermentation time
(54.88 minute) in the first seasons.
while, the maximum mean value of
fermentation time (57.48 minute) in
the second seasons was achieved
from planting Sids-1 cultivar and
sprayed it by minimum ZnO NPs size
(20.7 nm) at 60 days after planting.
This is logic since the same trend was
observed with regard to grains dry
gluten content trait.

References

A.A.C.C. (2000). Approved Methods of
the American Association Cereal
Chem. St. Paul, MN, U.S.A. Am.
Assoc. Cereal Chem.

Afshar, I.; R. Akbar and S. Minoo
(2014). Comparison of the effects
of spraying different amounts of
nano ZnO and bulk ZnO on wheat.
Int. J. Plant, Animal and Env. Sci.,
4: 688-693.

Akgun, I.; R. Karaman; F. Eraslan and
M. Kaya (2017). Effect of Zinc on
Some Grain Quality Parameters in
Bread and Durum Wheat Culti-
vars. Univ. J. Agric. Res., 5(1): 39-
44.

23

Banfield, J.F. and H. Zhang (2001).
Nanoparticles in the Environment.
In “Nanoparticles and the Envi-
ronment” (J. F. Banfield and A.
Navorotsky, Eds,), Mineralogical
Society of America, Washington,
DC Chapter 1. pp. 1-58.

Buftle, J. (2006). The key role of envi-
ronmental  colloids/nanoparticles
for the sustainability of life. Envi-
ron. Chem., 3: 155-158.

El-Dahshouri, M.F.; M. M. El-Fouly; R.
K. M. Khalifa and H. M. A. El-
Ghany (2017). Effect of zinc foliar
application at different physiologi-
cal growth stages on yield and
quality of wheat under sandy soil
conditions. Agricultural Engineer-
ing International: CIGR Journal,
Special issue: 193-200.

Elhag, D.A.A. (2017). Effect of Irriga-
tions Number on Yield and Yield
Components of Some Bread Wheat
Cultivars in North Nile Delta of

Egypt. Egypt. J. Agron., 39
(2):137- 148.
El-Marakby, A.M.; M.T. Afaf; S.H.

Saleh; F.S.A. Samie and Y.A. El-
Gabery (2015). Performance and
stability of some bread wheat
genotypes for grain yield, protein
and gluten contents under different
environmental conditions. Arab
Univ. J. Agric. Sci., 23(1):75-87.

Farag, S.A.; S.K.A. Ismail and S.A. El-
Ssadi (2018). Estimating Pheno-
typic and Genotypic Path Coeffi-
cient, an Application on Wheat
(Triticum aestivum L.) Genotypes.
Int. J. Curr. Microbiol. App. Sci.,
7(2): 2494-2505.

Fergani, M.A.;M.S. El-Habbal; M.
E. El-Temsah(2014). Interpretation
of three wheat cultivars yield and
its components with reference to
sowing dates. Arab Univ. J. Agric.
Sci., 22 (1):77-82.

Gheith, E.M.S.; O.Z. El-Badry and S.A.
Wahid (2013). Sowing Dates and



Doi: 10.21608/ajas.2018.26938
Ahmed, et al., 2018

http://ajas.journals.ekb.eg/

Nitrogen Fertilizer Levels Effect
on Grain Yield and its Compo-
nents of Different Wheat Geno-
types. Res. J. Agric. and Biol. Sci.,
9(5): 176-181.

Gomez, KA. and A.A. Gomez
(1984). Statistical Procedures for
Agricultural Research. 2™ Edn.,
John Wily and Sons, New York,
pp: 68.

Hafeez, B.; Y.M. Khanif and M. Saleem
(2013). Role of Zinc in Plant Nu-
trition- A Review. American J.
Experimental Agric.,3(2):374-391.

Hassanein, M.S.; A.G. Ahmed and N.M.
Zaki (2018). Effect of nitrogen fer-
tilizer and bio-fertilizer on yield
and yield components of two
wheat cultivars under sandy soil.
Middle East J. Appl. Sci., 8(1): 37-
42.

Mansour, H.A.; E.I. Eldardiry and M.
Abd El-Hady (2018). The Effect of
Different Irrigation systems, Ni-
trogen Levels and Egyptian Wheat
Varieties on Flour Quality Parame-
ters. Europ. J. Acad. Essays 5(5):
159-167.

Mortvedt, J.J. (1992). Crop response to
level of water soluble zinc in
granular zinc fertilizers. Fertilizer
Res., 33: 249-255.

24

Noureldin, N.A.; H.S. Saudy; F. Ash-
mawy and H. M. Saed (2013).
Grain yield response index of
bread wheat varieties as influenced
by nitrogen levels. An. Agric. Sci.,
58(2): 147-152.

institute (2008). The SAS System

for Windows, release 9.2. Cary

NC: SAS institute.

Seleem, S.A. and S.M. Abd El -Dayem
(2013). Response of some wheat
cultivars to nitrogen fertilizer lev-
els. J. Plant Production, Mansoura
Univ., 4 (5): 721 — 731.

Solomon, W. and A. Anjulo (2017). Re-
sponse of Bread Wheat Varieties
to Different Levels of Nitrogen at
Doyogena, Southern Ethiopia. Int.
J. Sci. and Res. Public., 7(2): 452-

SAS

459.

USDA (2018). Htpp://apps.fsa.
usda.gov/psolonline/ circu-
lars/production.

Zenhom, M.F.T.; G.Y. Hammam and
S.A.S. Mehasen (2018). Wheat
Lodging and Yield in Response to
Cultivars and Foliar Application of
Paclobutrazol. 4™ International
Conference on Biotechnology Ap-
plications in Agriculture (ICBAA),
Benha University, Moshtohor and
Hurghada, 4-7 April 2018, Egypt.



Assiut J. Agric. Sci., (49) No. (4) 2018 (15-31) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

25



Doi: 10.21608/ajas.2018.26938
Ahmed, et al., 2018 http://ajas.journals.ekb.eg/

26



Assiut J. Agric. Sci., (49) No. (4) 2018 (15-31) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

27



Doi: 10.21608/ajas.2018.26938
Ahmed, et al., 2018 http://ajas.journals.ekb.eg/

28



Assiut J. Agric. Sci., (49) No. (4) 2018 (15-31) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

29



Doi: 10.21608/ajas.2018.26938
Ahmed, et al., 2018 http://ajas.journals.ekb.eg/

30



Assiut J. Agric. Sci., (49) No. (4) 2018 (15-31) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

31



Doi: 10.21608/ajas.2018.26938
Ahmed, et al., 2018 http://ajas.journals.ekb.eg/

Oy Adliia 4y e i alaaly (B gl Gl gl Sl b il Gy Baga Al ani
S A
Baal se by Plagda aladl CAanbgd chadl ae s ey e BG4S Caa) Sk
e
SEPU [ POA PR P I [ NG YOS PN |
Lo ) Gaals — o glall IS oLyl

il
andie 3 B YO AY VY S Y OIVAY T eige LA Al 3 pai oy
elaaly 350 0 a8l A ) Lo gl ddla — Aol 3 A — A i) Jraaladd
S a0l i) e e Calial (iany 53 sa s Apalil e ol 3l auS) (e dalide 4 fie 5
alaal Che 35 Eua 5 DN Andial) i A1 (i i A sdiall ALAS Cile Undl) aranss
e Calial e 3s Laiy Ll (e gdli YV, 0 5,0 5 Y0,V 5 g yii) 4y jie sl ol 30
ST 3l sl N ae se inl Laiy Ll () mesen 5 ) Toguds 5 Vopudas) Sl
il alanY (o sinall LU D il i d8ial o bl (Ael 3l amag T €0
) Jae liall aen e @bl 8550 (550 de ges sodl) el Cilinal 5 4 jia il
Gl gl Jgeana g g pell el 8 i) 2e Jda e (B4 (551 e ga i lae
da ) COleld alanal (5 pimall LN ) ALYL S oY) o gall 8L gine S T (30
s e s sina L BN da Ll Jeldl OIS LS Al Jae cliall alies e Y]
) il gl Jgemne o gidd agd et e Jsasd) a3 dun Al 52l Jae cilinal
-5 en Cinall del ) e (J ) (Ao SBI g TV amgall Glasll ) YA, 00 5 YATY
O psm 1o (Sesila Yo, V) g sl sl @bl (e e Wl anadly L g 4 )5 ) )
G gl aanlly Ui 5 ai s ) Yo uaa Ciiall Aol )l AV calall e 5 de) )3
e At et e Jseasd) N del )3l e ¥ da (el Yo, V) (5 e il oli3)
sl e dans el o Jpaal) 5 Lain J W) assall (8 (% VT,VY) Gladl i sis)
L3l e pial) aaally U 54 ys V- (uta Caball Al ) e AU gl 8 il
Al Geam Ve 2m (sl Yo, V) (s e sl

32



