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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-2 and grain yield feddan-1 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-1 (28.67 and 28.50 ardab feddan-1 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 et 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 
Slit 
Clay 
Soil type 
Chemical analysis: 
pH 
Organic matter % 
Total N%  

27.00 
23.00 
50.00 
Clay 

 
7.63 
1.80 
0.09 

 
27.80 
22.20 
50.00 
Clay 

 
7.85 
1.70 
0.08 

 

Experimental treatments and de-
sign: 

The experiment was laid out in 
randomized complete block design 
(RCBD) using strip split plot ar-

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 m2.  
Cultural practices: 

Wheat grains were hand sown 
on 1st and 3rd 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/m2,

 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 
m2). 
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 cm3 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 

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 cm3 
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-2: 
Data in Table 2 reveal that zinc 

oxide nanoparticles size (ZnO NPS) 
had a significant (p≤ 0.05) effect on 
number of spikes m-2 in both seasons. 
Minimized zinc nanoparticles size 
increased number of spikes m-2 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-2 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-2. 

Moreover, the illustrated data in 
Table 2 show that the tested bread 
wheat cultivars varied significantly in 
number of spikes m-2 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-2 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-2 in the 
second season only. The foliar spray 
of ZnO NPs at 45 days from sowing 
treatment produced the highest mean 
value of spikes number m-2 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-2 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-2 in the two growing seasons. The 
highest mean values of spikes number 
m-2 (562.67 and 564.00 spike m-2 in 
the two respective seasons) were ob-
tained from sids-1 bread wheat culti-

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-2 (408.00 and 328.00 spike 
m-2 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 et 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-1: 

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-1 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-1(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-1. 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-1 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-1 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-1. 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-1 trait in the first 
season only. The maximum mean 
value of kernel weight spike-1(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-1 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-1 in the first and 
second seasons, respectively. The 
highest mean value of kernel weight 
spike-1 (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-1 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-1 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-1 
(21.95 and 21.20 ardab feddan-1 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-2 (Table 
2) and kernel weight spike-1 (Table 4) 

traits. Similar trend was observed by 
Afshar et 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-1 trait in both seasons.  The 
maximum mean values of grain yield 
(24.62 and 24.81 ardab feddan-1 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-1. Similar trend was ob-
served by Gheith et 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-1 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-1 in 
the second season).  

Moreover, the all involved first 
order interactions had a significant or 
highly significant influence on grain 
yield feddan-1 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-1in both 
seasons. The highest mean values of 
grain yield feddan-1(28.67 and 28.50 
ardab feddan-1 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 et 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 

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 × 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 × 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 El-
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 × zinc application time in the 
second season and the interaction be-
tween cultivars × 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 

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.   
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تقییم إنتاجیة وجودة بعض أصناف قمح الخبز لوقت الرش الورقي بأحجام نانومتریه مختلفة من 
  أكسید الزنك

وعلي عبد الحمید      ١انعام حلمي جالل، ١لمهدي عبد المطلب المهدي طعیمةا ،١ كامل علي عبد الرحمن،١رباب سید احمد
 ٢عثمان

 جامعة اسیوط – كلیة الزراعة -قسم المحاصیل١
  جامعة اسیوط– العلوم كلیة -قسم الفیزیاء٢

  الملخص
مي   الل موس ة خ ة حقلی ت تجرب سم ٢٠١٨-٢٠١٧ و ٢٠١٧-٢٠١٦اجری ة ق ي مزرع  ف

ة  یل البحثی ة ال–المحاص ة  كلی ة  –زراع یوط لدراس ة اس أثیر جامع ام  ت ورقي باحج رش ال ت ال  وق
ذلك   .  اصناف من قمح الخبزبعض وجودة انتاجیةنانومتریة مختلفة من اكسید الزنك علي    استخدم ل

ثالث مكررات حیث وزعت احجام                 شقة ب شرائح المن ب ال شوائیة بترتی ة الع  تصمیم القطاعات كامل
ه    ك النانومتری رول(الزن انومتر ٢٧٫٠و  ٢٣٫٠ و ٢٠٫٧ و كنت ح    )  ن ا وزعت اصناف قم ا بینم افقی

ك  ) ١١- و جمیزه١٢- و سدس١-سدس(الخبز  ورقي بالزن  و ٣٠( راسیا بینما احتل موعد الرش  ال
ة ٦٠ و ٤٥ د الزراع وم بع شقة ) ی ع المن ك      . القط ام الزن وي الحج اثیر المعن ي الت ائج ال شیر النت ت

د ال      ز وموع ح الخب صفات محل الدراسة        النانومتریة واصناف قم ع ال ي جمی ك عل ورقي للزن رش ال
دان        وب للف عدا تاثیر موعد الرش الورقي علي صفتي عدد السنابل في المتر المربع ومحصول الحب

م االول   ي الموس ا ف ن معنوی م یك ذي ل ة   . ال اعالت الدرج م تف وي لمعظ اثیر المعن ي الت افة ال باالض
ع      كما ك. االولي علي معظم الصفات محل الدراسة  ي جمی وي عل اثیر معن ة ت ان لتفاعل الدرجة الثانی

ي      . الصفات محل الدراسة     ي اعل م الحصول عل ث ت یم لمتوسطات   حی دان    ق وب للف ( محصول للحب
والي   اردب للفدان للموسم االول والثاني ع     ٢٨٫٥٠ و   ٢٨٫٦٧ ي الت زة    ) ل ن زراعة الصنف جمی -م

انومتري   ١١ ك الن ن الزن صغیر م الحجم ال ا ب ه ورقی انومتر٢٠٫٧( ورش د )  ن ن ٦٠بع وم م  ی
ن      ١٢-وعلي الجانب االخر ادت زراعة الصنف سدس          . الزراعة الحجم الصغیر م ا ب  ورشه ورقی

انومتر  ٢٠٫٧(الزنك النانومتري    د  )  ن ي      ٣٠بع ي الحصول عل ن الزراعة ال وم م ن     ی سبة م ي ن  اعل
وتین        . في الموسم االول   %) ١٣٫٧٢(الجلوتین الجاف    ن الجل سبة م ي ن ي اعل بینما تم الحصول عل

دس     ة الصنف س ن زراع اني م م الث ي الموس ك    ١-الجاف ف ن الزن صغیر م الحجم ال ا ب  ورشه ورقی
  . یوم من الزراعة٣٠بعد )  نانومتر٢٠٫٧(النانومتري 


