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Abstract 

A field experiment was carried out during 2017/18 and 2018/19 seasons at 
the Agronomy Department Experimental Farm, Agriculture Faculty, Assiut Uni-
versity, to study the effect of foliar spray by some Nano micro-nutrients on pro-
duction of three bread wheat cultivars. The experiment was laid out in random-
ized complete block design (RCBD) using strip plot arrangement with three rep-
lications. Foliar spray with tap water (solvent as a control) and Foliar spray with 
Fe, Mn, Zn, Fe+Mn, Fe+Zn, Mn+Zn and Fe+Mn+Zn in Nano form at 200 ppm 
were allocated horizontally, while bread wheat cultivars (Sids-1, Sids-12 and 
Gemmeaza-11) were arranged vertically. The obtained results show that the 
foliar spray treatment by some micro-nutrients Nano-particles had a significant 
effect on plant height, kernels number spike-1, 1000 kernel weight, kernel weight 
spike-1 and grain yield in both seasons. Thus, wheat plants which were sprayed 
by Fe+Mn+Zn produced the highest mean values of the most previous traits.  
Furthermore the studied cultivars had a significant effect on all studied traits.  In 
addition, Gemmeaza-11 cultivar produced the highest mean values of most stud-
ied traits in the two growing seasons. Here too, the interaction between some mi-
cro-nutrients Nano-particles and bread wheat cultivars had a highly significant (P 
≤ 0.01) and significant (P ≤ 0.05) influence on grain yield in the first and second 
seasons respectively. Thus, the highest mean values of grain yield (26.80 and 
26.95 ardab fed.-1 in the tow respective seasons) were obtained from Gemmeaza-
11 cultivar which was sprayed by Fe+Mn+Zn Nano-particles in both seasons.  
Keywords: Wheat, cultivars, Micro-nutrients, Nano-particles. 
 

Introduction 
Wheat (Triticum sp. L.) consid-

ers the most important cereal crop in 
the world regarding to its cultivated 
area and production. The cultivated 
area of wheat in Egypt during 2018 
season was about 3.1 million feddan 
with the total yield production of 8.45 
metric tons, While, the total con-
sumption reached about 19.6 million 
metric tons in the same year (USDA, 
2018). So that, increasing wheat pro-
duction in order to reduce the gap be-
tween production and consumption is 
the strategic aim in Egypt. Therefore, 
a great attention should be done to 

overcome or minimize the gap be-
tween wheat production and con-
sumption. Increasing production per 
unit area appears to be the one of the 
main objective of reducing the wheat 
gap. Increasing wheat yield per unit 
area could be attained by cultivating 
high-yielding cultivars and imple-
ment recommended cultural prac-
tices. The productivity and quality of 
wheat depends on several factors like 
climate, agronomic management 
practices, varietal response, soil type 
etc. The response of different wheat 
genotypes to foliar application of mi-
croelements in a Nano form can sup-
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port the expression of microelements-
efficient and microelements-
inefficient genotypes.  

Fe, Mn, Zn are considered as 
the most essential micro-nutrients 
which plays very important role in 
plant metabolism by influencing the 
activities of hydrogenase and car-
bonic anhydrase, stabilization of ribo-
somal fractions and synthesis of cyto-
chrome, plant enzymes activated, 
carbohydrate metabolism, mainte-
nance of the integrity of cellular 
membranes, protein synthesis, regula-
tion of auxin synthesis and pollen 
formation, regulation and mainte-
nance of the gene expression required 
for the tolerance of environmental 
stresses in plants (Hafeez et al., 
2013).  

Nano-particle is defined based 
on the size at which fundamental 
properties differ from those of the 
corresponding bulk material (Ban-
field and Zhang, 2001). Nano-
particles overlap in size with colloids, 
which ranges from 1 nm to 1 mm in 
diameter (Buffle, 2006). Novel prop-
erties that differentiate Nano-particles 
from the bulk material typically de-
velop at a critical length scale of un-
der 100 nm. The “novel properties” 
mentioned are entirely dependent on 
the fact that at the Nano-scale, the 
physics of nanoparticles mean that 
their properties are different from the 
properties of the bulk material. Parti-
cle size may affect agronomic effec-
tiveness of Fe, Mn and Zn fertilizers. 
Decreased particle size results in in-
creased number of particles per unit 
weight of applied the fertilizer. De-
creased particle size also increases 
the specific surface area of a fertil-
izer, which should increase the disso-

lution rate of fertilizers with low 
solubility in water (Mortvedt, 1992). 
Rameshraddy et al. (2017) indicated 
that the foliar application of finger 
millet by ZnO Nano showed higher 
plant height and increased yield. 
Zenhom et al. (2018), indicated that, 
there were significant differences be-
tween the different tested wheat cul-
tivars in plant height and grain yield 
traits Otherwise, the difference be-
tween tested wheat cultivars didn't 
reach a significant level with regard 
to No. of kernels spike-1. Moreover; 
Gemmeaza-11 cultivar gave the high-
est mean value of plant height 
(108.00 cm) and grain yield fed-1 
(3169 kg). On the other hand, Sids 12 
cultivar gave the lowest mean values 
of, grain yield fed-1 (2773 kg), 
whereas Giza 171 cultivar gave the 
lowest mean value of plant height 
(86.67 cm). 

The objective of this study was 
to elucidate: 

1- The effect of foliar applica-
tion by Nano form of Fe, Mn, and Zn 
on wheat yield. 

2- The performance of three 
bread wheat cultivars across the dif-
ferent treatments combinations of the 
foliar applications. 
Materials and Methods 

A field experiment was carried 
out during 2017/18 and 2018/19 sea-
sons at the Agronomy Department 
Experimental Farm, Agriculture Fac-
ulty, Assiut University, Assiut, Egypt 
(lat 27° 03' N, long 31° 01' and alt 70 
m asl) to study the effect of foliar 
spray by some Nano micro-nutrients 
on production of three bread wheat 
cultivars. The mechanical and chemi-
cal analyses of the experimental soil 
are presented in Table 1. 
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Table 1. Some mechanical and chemical properties of the experimental soil. 

Properties 2017/18 2018/19 
Mechanical analysis:    
Sand  27.00 27.80 
Silt 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 

 

Experiment, treatments and de-
sign: 

The experiment was laid out in 
randomized complete block design 
(RCBD) using strip plot arrangement 
with three replications. Foliar spray 
with tap water (solvent as a control) 
and foliar spray with Fe, Mn, Zn, 
Fe+Mn, Fe+Zn, Mn+Zn and 
Fe+Mn+Zn in Nano form at 200 ppm 
were allocated horizontally and their 
application time was after 45 and 60 
days from sowing, while bread wheat 
cultivars (Sids-1, Sids-12 and Gem-
meaza-11) were arranged vertically. 
The experimental unit was (3 x 3.5m) 
10.5 m2 and the sowing method was 
broadcasting. Grains were sown at 
December 6th and 9th in the first and 
second seasons, respectively. The 
preceding summer crop was maize in 
both seasons. All other cultural prac-
tices recommended for wheat crop 
were done. 
Measured traits: 

a- Plant height (cm): It was 
determined from soil surface until the 
upper tip of plants and average of five 
guarded stems which were taken ran-
domly from each experimental unit. 

b- Spike length (cm): It was 
determined as average of five random 
spikes from each experimental unit. 

c- Number of kernels spike-1: 
Average number of kernels spike-1 
was obtained from five random 
spikes from each experimental unit. 

d- Kernels weight spike-1 (g): 
It was estimated an average of grain 
weight obtained from five random 
guarded spikes in each experimental 
unit. 

e- Thousand kernel weight 
(g): The weight of 1000-kernel repre-
sented each experimental unit was 
weighted. 

f- Grain yield (ardab/fed.): 
The mature wheat plants from each 
experimental unit were harvested 
then threshed and grain yield was 
weighted in kilogram then transferred 
into ardab per feddan (one ardab = 
150 kg). 
Statistical Analysis 

All collected data were sub-
jected to analysis of variance 
(ANOVA) using Proc Mixed of SAS 
package version 9.2 (SAS 2008) and 
means were compared by revised 
Least Significant Difference (R LSD) 
at 5% level of significant (Steel & 
Torrie, 1981).  
Results and Discussion  

1- Plant height (cm):  
Data presented in Table 2 show 

that foliar spray treatment by some 
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micro-nutrients Nano-particles, wheat 
cultivars and their interactions had a 
highly significant (P ≤ 0.01) effect on 
plant height in both seasons. Thus, 
the tallest wheat plants (100.89 and 
107.04 cm in the tow respective sea-
sons) were obtained from foliar ap-
plication with Fe+Mn+Zn in both 
seasons. Otherwise, the shortest 
plants (92.49 and 102.44 cm in the 
tow respective seasons) were ob-
tained from control treatment in both 
seasons. The amount of increment 
reached about 9.08 and 4.49% in the 
first and second seasons respective. 
This may be due to the very impor-
tant role of Fe, Mn and Zn in plant 
metabolism by influencing the activi-
ties of hydrogenase and carbonic an-
hydrase, stabilization of ribosomal 
fractions and synthesis of cyto-
chrome, plant enzymes activated, 
carbohydrate metabolism, mainte-
nance of the integrity of cellular 
membranes, protein synthesis, regula-
tion of auxin synthesis which was re-
flected in an increase in plant height. 
Similar trend was observed by Mek-
kei and El Haggan (2014), Fathi et al. 
(2017), Ghasemi et al. (2017), Kandil 
&Marie (2017) and Rameshraddy et 
al. (2017).  

Furthermore, the tallest wheat 
plants (103.20 and 113.38 cm in the 
tow respective seasons) were ob-
tained from Sids-1 cultivar in both 
seasons. Otherwise the shortest plants 
(87.88 and 96.62 cm in the tow re-
spective seasons) were obtained from 
Sids-12 cultivar in both seasons. This 
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 findings are in a 
good line with those obtained by 
Moayedi et al. (2010), Mushtaq et al. 
(2012), Zaki et al. (2015), El Hag 
(2016), Kandil et al. (2016), Hen-
dawy (2017), Hassanein et al. (2018) 
and Zenhom et al. (2018). 

Moreover, the tallest wheat 
plants (113.07 and 117.20 cm in the 
tow respective seasons) were ob-
tained from Sids-1 cultivar which was 
sprayed by Fe+Mn+Zn Nano-
particles in both seasons. On the other 
hand, the shortest plants (84.80 and 
93.40 cm in the tow respective sea-
sons) were obtained from Sids-12 
cultivar which was sprayed by 
Mn+Zn Nano-particles in the first 
season and control (tap water) in the 
second one. 
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Table 2. Effect of some micro-nutrients Nano-particles, cultivars and their interac-
tion on plant height (cm) of wheat in 2017/18 and 2018/19 seasons. 
Season  2017/2018 2018/2019  
Cultivars (C)   

 
Treatments (T)  

Gemmeaza-11 Sids-1 Sids-12  Mean Gemmeaza-11 Sids-1 Sids-12 Mean 

Control 91.80 96.27 89.40 92.49  105.40 108.53 93.40 102.44 
Fe 94.13 99.60 88.07 93.93 105.40 109.60 95.00 103.33 
Mn 95.33 100.07  88.20 94.53 104.93 111.73 95.80 104.16 
Zn 96.60 101.20 88.87 95.56 106.20 112.93 96.53 105.22 

Fe+Mn 98.27 103.00 90.20 97.16 107.33 114.60 97.00 106.31 
Fe+Zn 100.73 107.27 88.67 98.89 105.60 116.60 98.00 106.73 
Mn+Zn 99.47 105.13 84.80 96.47 106.67 115.87 97.60 106.71 

Fe+Mn+Zn 104.73 113.07 84.87 100.89 104.33 117.20 99.60 107.04 
Mean 97.63 103.20 87.88 ---- 105.73 113.38 96.62 ---- 

F test and RLSD0.05  F test R LSD0.05 F test R LSD0.05 
 T ** 2.19  ** 1.29 
C  ** 0.74 ** 0.83 

T x C ** 3.79 ** 2.21 
 where: ** mean significant at 1% level of probability 
  

2- Spike length (cm): 
Data illustrated in Table 3 focus 

that foliar spray treatment by some 
micro-nutrients Nano-particles did 
not affected significantly spike length 
of wheat in the two growing seasons. 
Whatever, the highest mean value of 
spike length in the first season (11.78 
cm) was obtained from wheat plants 
which were sprayed with Zn. While, 
the maximum mean value of spike 
length in the second season (12.63 
cm) was recorded from wheat plants 
which were sprayed by tab water 
(control). Otherwise, the shortest 
spikes (10.87 and 12.07 cm in the tow 
respective seasons) were obtained 
from Fe treatment in the first season 
and Fe+Zn treatment in the second 
one. These findings conflicted with 
those obtained by Mohsen et al. 
(2016) in barley and Ghasemi et al. 
(2017) in rice.  

Furthermore, the exhibited data 
in Table 3 reveal that the spike length 

trait was affected highly significant 
(P≤ 0.01) and significant (P ≤ 0.05) 
by the tested wheat cultivar in the 
first and second seasons, respectively. 
The longest wheat spikes (12.68 and 
13.82 cm in the tow respective sea-
sons) were obtained from Gem-
meaza-11 cultivar in both seasons. 
Otherwise the shortest spikes (10.76 
and 11.50 cm in the tow respective 
seasons) were obtained from Sids-1 
cultivar in both seasons. This may be 
due to the genotypic behavior in 
combination with the environmental 
conditions, which may be suitable for 
Gemmeaza-11cultivar than the rest 
studied cultivars. These findings are 
harmony with those reported by 
Gheith et al. (2013), Noureldin et al.  
(2013), Fergani et al. (2014) and 
Solomon & Anjulo (2017). 

Moreover, the spike length trait 
did not affected significantly by the 
interaction between micro-nutrients 
and cultivars in both seasons. 
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Table 3. Effect of some micro-nutrients Nano-particles, cultivars and their interac-
tion on spike length (cm) of wheat in 2017/18 and 2018/19 seasons. 
          Season   2017/2018  2018/2019  
Cultivars (C) 

 
Treatments (T)  

Gemmeaza-11  Sids-1 Sids-12 Mean Gemmeaza-11  Sids-1 Sids-12 Mean 

Control 12.20 11.13 10.67 11.33 13.78 12.00 12.11 12.63 
Fe 12.07 10.27 10.27 10.87 13.89 11.44 11.67 12.33 
Mn 12.53 10.80 11.40 11.58 13.89 11.56 11.78 12.41 
Zn 12.93 11.20 11.20 11.78 13.78 11.44 12.44 12.56 

Fe+Mn 12.47 11.00 11.13 11.53 13.56 11.67 12.11 12.44 
Fe+Zn 12.53 10.53 10.47 11.18 13.56 11.33 11.33 12.07 
Mn+Zn 13.27 10.47 10.40 11.38 13.89 11.00 11.89 12.26 

Fe+Mn+Zn 13.47  10.67 11.00 11.71  14.22 11.56 11.33 12.37 
Mean  12.68 10.76 10.82 ----  13.82 11.50 11.83 ---- 

F test and RLSD0.05 F test R LSD0.05 F test R LSD0.05 
 T NS - NS - 
C ** 0.86 * 1.39 

T x C NS  - NS  - 
         Where:  NS, * and ** mean non-significant and significant at 5% and 1% level of 
probability, respectively. 
  

3- Number of kernels spike-1: 
The exhibited data in Table 4 

reveal that foliar spray treatment by 
some micro-nutrients Nano-particles 
had a highly significant (P ≤ 0.01) 
effect on kernels number spike-1 in 
both seasons. Sprayed wheat plants 
by Fe+Mn+Zn produced the highest 
number of kernels spike-1 (62.72 and 
67.44 kernels spike-1 in the tow re-
spective seasons). Otherwise, the 
lowest mean values of kernels num-
ber spike-1 (44.31 and 41.58 kernels 
spike-1 in the tow respective seasons) 
were obtained from control treatment 
in both seasons. This may be due to 
the same fertilizers treatment gained 
the longest spike and highest number 
of spikletes spike-1 as well as fertility 
which led to an increase in number of 
kernels spike-1. These results are in 
accordance with those obtained by 
Afshar et al (2014) a, Zain et al 
(2015), Kandil and Marie (2017) and 
Gomaa et al (2018).   

Here too, the obtained data in 
Table 4 show that the tested bread 
wheat cultivars had a highly signifi-
cant (P ≤ 0.01) effect on number of 
kernels spike-1 in the two growing 
season. The highest mean values of 
kernels number spike-1 (57.47 and 
60.54 kernels spike-1 in the tow re-
spective seasons) were obtained from 
Sids-12 cultivar in both seasons. Oth-
erwise, the lowest mean values of 
kernels number spike-1 (46.90 and 
49.38 kernels spike-1 in the tow re-
spective seasons) were registered 
from Sids-1cultivar in both seasons. 
This may be due to the genotypic be-
havior in combination with the envi-
ronmental conditions, which may be 
suitable for Sids-12 cultivar than the 
rest studied cultivars These finding 
are in a good line with those obtained 
by Bendidi et al. (2016), El Hag 
(2016), Kandil et al. (2016), El hag 
(2017), Hendawy (2017) and Solo-
mon & Anjulo (2017). 
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Concerning the interaction ef-
fect on kernels number spike-1, data 
presented in Table 4 denote that ker-
nels number spike-1 reacted signifi-
cantly to the interaction between 
some micro-nutrients Nano-particles 
foliar spray and bread wheat cultivars 

in second season only. Thus, the 
highest mean value of kernels number 
spike-1 (79.80 kernels spike-1) was 
obtained from Sids-12 cultivar which 
sprayed by Fe+Mn+Zn in the second 
season.  

 

Table 4. Effect of some micro-nutrients Nano-particles, cultivars and their interac-
tion on kernels number spike-1 of wheat in 2017/18 and 2018/19 seasons. 
          Season   2017/2018 2018/2019  
Cultivars (C) 

 
Treatments (T)  

Gemmeaza-11 Sids-1 Sids-12 Mean Gemmeaza-11 Sids-1 Sids-12 Mean 

Control 39.73 38.53 54.67 44.31 49.73 35.00 40.00 41.58 
Fe 48.33 43.65 56.80 49.59 55.80 39.13 49.20 48.04 
Mn 50.80 44.20 59.07  51.36 59.60 44.93 56.07 53.53 
Zn  51.87 44.97 60.00 52.28 57.47 47.40 59.87 54.91 

Fe+Mn 53.90 45.73 62.45 54.03 70.60 49.67 62.73 61.00 
Fe+Zn 60.33 50.40 52.33 54.36 60.87 59.47 69.07 63.13 
Mn+Zn 56.13 48.00 50.47 51.53 69.20 52.40 67.60 63.07 

Fe+Mn+Zn 64.42 59.73 64.00 62.72 55.47 67.07 79.80 67.44 
Mean  53.19 46.90 57.47   59.84 49.38 60.54 ---- 

F test and RLSD0.05 F test R LSD0.05 F test R LSD0.05  
 T ** 5.64 ** 5.32  
C  ** 4.93 ** 3.01  

T x C  NS  - **  7.46 
 Where: NS and ** mean non-significant and significant at 1% level of probability, 

respectively. 
  

4- Thousand grain weight (g): 
Data recorded in Table 5 prove 

that the foliar spray treatment by 
some micro-nutrients Nano-particles 
had a highly significant (P ≤ 0.01) 
and significant (P ≤ 0.05) effect on 
1000- kernel weight in the first and 
second seasons, respectively. Thus, 
the highest mean values of 1000- 
kernel weight (50.62 and 50.16 g in 
the tow respective seasons) were ob-
tained from foliar spray with 
Fe+Mn+Zn in the first season and 
from Fe+Zn in the second one. This 
may be due to the small size of ZnO 
NPs increase zinc absorption via 
wheat plants and consequently in-
creased photosynthesis process which 

led to an increment in metabolic 
translocation from sources to sinks 
(kernels) resulted in fill grains. These 
findings are harmony with those ob-
tained by Afshar et al. (2014) b.  
Otherwise, the lowest mean values of 
1000- kernel weight (37.73 and 46.37 
g in the first and second seasons, re-
spectively) were obtained from 
Fe+Mn+Zn in the first season and 
control treatment in the second one.   

Furthermore, the illustrated data 
in Table 5 reveal that the tested bread 
wheat cultivars had a highly signifi-
cant (P ≤ 0.01) effect on 1000 kernel 
weight in both seasons. The maxi-
mum mean values of 1000 kernel 
weight (50.89 and 52.41 g in the two 
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respective seasons) were obtained 
from Gemmeaza-11 cultivars in the 
both seasons. This may be due to the 
genotypic behavior in combination 
with the environmental conditions, 
which may be suitable for Gem-
meaza-11 cultivar than the rest culti-
vars. Similar trend was observed by 
Noureldin et al. (2013), Solomon and 
Anjulo (2017) and Farag et al. 
(2018). 

Moreover, the interaction be-
tween some micro-nutrients Nano-
particles foliar spray and bread wheat 
cultivars had non-significant effect in 
the both seasons. Whatever, the high-
est mean values of 1000- kernel 
weight (53.40 and 54.07 in the tow 
respective seasons) were obtained 
from Gemmeaza-11 cultivar which 
was sprayed by Fe+Mn+Zn in the 
both seasons respectively. 

 
 

Table 5. Effect of some micro-nutrients Nano-particles, cultivars and their interac-
tion on 1000- kernel weight (g) of wheat in 2017/18 and 2018/19 seasons. 
Season  2017/2018  2018/2019 
Cultivars (C) 

 
Treatments (T)  

Gemmeaza-11  Sids-1 Sids-12 Mean Gemmeaza-11 Sids-1 Sids-12 Mean 

Control 48.00  46.66 39.07  44.58 52.58  43.73  42.81  46.37  
Fe 51.26 47.60  43.77 47.54 53.03  47.12  42.54  47.56 
Mn 52.27 47.08 44.54  47.96 52.62 46.18  40.73  46.51 
Zn 51.40 47.55 44.58 47.84 52.25  49.07  42.78  48.03  

Fe+Mn 52.14  47.64  47.47  49.09  52.12 47.58  43.20  47.64 
Fe+Zn 49.25  48.10  47.07 48.14 52.95  50.27  47.27  50.16  
Mn+Zn 49.44 47.23  44.47 47.04  49.64  50.80  45.27  48.57  

Fe+Mn+Zn 53.40  50.72 47.74 50.62  54.07 47.21 45.74 49.01 
Mean 50.89  47.82 44.84  ---- 52.41 47.75 43.79   ---- 

F test and RLSD0.05 F test R LSD0.05 F test R LSD0.05 
 T **  2.22 *  2.85 
C **  2.87  **  3.77 

T x C NS  - NS -  
Where:  NS, * and ** mean non-significant and significant at 5% and 1% level of prob-
ability, respectively. 
  

5- Kernel weight spike-1 (g):     
It is clear from the data pre-

sented in Table 6 that the foliar spray 
treatment by some micro-nutrients 
Nano-particles had a highly signifi-
cant (P ≤ 0.01) effect on kernel 
weight spike-1 in both seasons. Wheat 
plants which were sprayed by Fe+Zn 
in the first season and Fe+Mn+Zn  in 
the second one produced the highest 
mean values of kernel weight spike-1 
(2.35 and 3.33 g in the tow respective 
seasons). On the other hand, the low-

est mean values of kernel weight 
spike-1 (1.89 and 2.11 g in the tow 
respective seasons) were obtained 
from control treatment in both sea-
sons.  This is to be logic since the 
same treatment produced the highest 
mean values with regard to 1000-
kernel weight (Table 5) and conse-
quently produced the highest mean 
values of kernel weight spike-1. These 
results are agreement with those ob-
tained by Afshar et al. (2014) b. 
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Moreover, the data exhibited in 
Table 6 reveal that the studied culti-
vars had a significant (P ≤ 0.05) and a 
highly significant (P ≤ 0.01) effect on 
kernel weight spike-1 in the first and 
second seasons, respectively. Thus, 
the highest mean values of kernel 
weight spike-1 (2.62 and 3.20 g in the 
tow respective seasons) were ob-
tained from Gemmeaza-11 cultivar in 
both seasons. On the contrary, the 
lowest mean values of kernel weight 
spike-1 (2.01 and 2.33 g in the tow 
respective seasons) were obtained 
from Sids-1 cultivar in both seasons. 
This is to be logic since the same cul-
tivar surpassed the others two cultivar 
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). 

Kernels weight spike-1 trait re-
acted a highly significantly (P ≤ 0.01) 
to the interaction between micro nu-
trients and cultivars in the second 
season only (Table 6). The maximum 
mean value of kernel weight spike-1 
(3.69 g) in the second season was ob-
tained Gemmeaza-11 bread wheat 
cultivar which was sprayed by 
Fe+Mn+Zn. On the contrary, the dif-
ferences between treatment combina-
tions with cultivars failed to be sig-
nificant at 5% level of probability in 
the first season. 

 
Table 6. Effect of some micro-nutrients Nano-particles, cultivars and their interac-

tion on kernel weight spike-1 of wheat in 2017/18 and 2018/19 seasons. 
          Season   2017/2018 2018/2019  
Cultivars (C) 

 
Treatments (T)  

Gemmeaza-11 Sids-1  Sids-12 Mean Gemmeaza-11 Sids-1 Sids-12 Mean 

Control 2.08 1.51 2.09 1.89 3.00 1.64 1.69 2.11 
Fe 2.36 1.76 2.23 2.12 3.10 1.82 2.37 2.43 
Mn 2.46 1.83 2.18 2.15 3.13 2.09 2.55 2.59 
Zn 2.53 1.87 2.48 2.29 3.15 2.22 2.70 2.69 

Fe+Mn 2.58 1.92 2.33 2.28 3.68 2.38 2.85 2.97 
Fe+Zn 2.83 2.20 2.04 2.35 3.22 2.68 3.45 3.12 
Mn+Zn 2.66 2.06 2.20 2.31 3.42 2.45 3.10 2.99 

Fe+Mn+Zn 3.48 2.95 3.43 3.28 2.93 3.36 3.69 3.33 
Mean 2.62 2.01 2.37 ---- 3.20 2.33 2.80 ---- 

F test and RLSD0.05 F test R LSD0.05 F test R LSD0.05 
 T ** 0.22 ** 0.23 
C * 0.39 ** 0.13 

T x C NS -  ** 0.44  
       Where:  NS, * and ** mean non-significant and significant at 5% and 1% level of 
probability, respectively 

 
6- Grain yield (ardab fed.-1): 
Data presented in Table 7 show 

that foliar spray treatment by some 
micro-nutrients Nano-particles and 
wheat cultivars had a highly signifi-
cant (P ≤ 0.01) effect on grain yield 

in both seasons. In addition, applica-
tion of Fe+Mn+Zn produced the 
maximum grain yield (26.08 and 
26.44 ardab fed.-1 in the first and sec-
ond seasons respectively). While, the 
lowest mean values of grain yield 
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(18.50 and 20.23 ardab fed.-1 in the 
tow respective seasons) were ob-
tained from control treatment in both 
seasons. This is to be expected since 
the same trend was observed with re-
gard to kernels weight spike-1 (Table 
6) trait. Similar trend was observed 
by Afshar et al. (2014) b. 

Furthermore, the illustrated data 
in Table 7 reveal that the tested bread 
wheat cultivars had a highly signifi-
cant (P ≤ 0.01) effect on grain yield 
in both seasons. The maximum mean 
values of grain yield (23.70 and 24.08 
ardab fed.-1 in the two respective sea-
sons) were obtained from Gem-
meaza-11 cultivar in the both sea-
sons. This superiority of Gemmeaza-

11 bread wheat cultivar in grain yield 
was due to the superiority in kernels 
weight spike-1. Similar trend was ob-
served by Gheith et al. (2013), Fer-
gani et al. (2014), El hag (2017) and 
Farag et al. (2018).  

Moreover, the interaction had a 
highly significant (P ≤ 0.01) and sig-
nificant (P ≤ 0.05) influence on grain 
yield in the first and second seasons 
respectively. Here too, the highest 
mean values of grain yield (26.80 and 
26.95 ardab fed.-1 in the tow respec-
tive seasons) were obtained from 
Gemmeaza-11 cultivar which was 
sprayed by Fe+Mn+Zn nanoparticles 
in both seasons. 

 
Table 7. Effect of some micro-nutrients Nano-particles, cultivars and their interac-

tion on grain yield (ardab fed.-1) of wheat in 2017/18 and 2018/19 seasons. 
          Season   2017/2018 2018/2019  
Cultivars (C) 

 
Treatments (T)  

Gemmeaza-11 Sids-1 Sids-12 Mean Gemmeaza-11 Sids-1 Sids-12 Mean 

Control 20.29 16.83 18.39 18.50 20.57 21.16 18.97 20.23 
Fe 21.07 20.04 20.93 20.68 25.41 22.62 20.17 22.74 
Mn 22.35 21.46 21.82 21.88 23.01 22.88 21.49 22.46 
Zn 23.66 22.10 22.22 22.66 22.80 23.34 22.01 22.72 

Fe+Mn 24.07 23.32 23.51 23.63 24.57 24.25 22.76 23.86 
Fe+Zn 25.96 25.90 24.76 25.54 26.65 25.78 24.65 25.69 
Mn+Zn 25.38 24.38 23.86 24.54 23.75 25.01 24.14 24.30 

Fe+Mn+Zn 26.80 26.53 24.92 26.08  25.91  26.95  26.45 26.44 
Mean 23.70 22.57 22.55  ----  24.08 24.00 22.58 ---- 

F test and RLSD0.05 F test R LSD0.05 F test R LSD0.05 
 T ** 0.49 ** 1.05 
C ** 0.44 ** 0.42 

T x C ** 0.95 * 2.04 
      Where: * and ** mean significant at 5% and 1% level of probability, respectively. 
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  استجابة ثلاثة أصناف من قمح الخبز للرش الورقى ببعض العناصر الصغرى النانومتریة
   السعدى عبد الحمید على و محمد ثروت سعید، إبراهیم عبد الباقى رزق الفار،حسن مكارم

   جامعة أسیوط– كلیة الزراعة –قسم المحاصیل 
 الملخص 

 فѧѧى مزرعѧѧة قѧѧسم  ٢٠١٩-٢٠١٨ و ٢٠١٨-٢٠١٧تѧѧم اجѧѧراء تجربѧѧة حقلیѧѧة خѧѧلال موسѧѧمى    
العناصѧر   لدراسѧة تѧأثیر الѧرش الѧورقى بѧبعض      جامعة أسѧیوط  – كلیة الزراعة   –المحاصیل البحثیة   

نُفѧِذت التجربѧة بتѧصمیم القطاعѧات     .  علѧى إنتѧاج ثلاثѧة أصѧناف مѧن قمѧح الخبѧز          الصغرى النانومتریة 
بمѧاء الѧصنبور   (ى لѧرش الѧورق  ا  معѧاملات كاملة العشوائیة بترتیب الѧشرائح المنѧشقة حیѧث تѧم وضѧع           

الزنѧѧѧѧك، +، الحدیѧѧѧѧدالمنجنیѧѧѧز +الحدیѧѧѧѧدالزنѧѧѧك،   لمنجنیѧѧѧѧز،احدیѧѧѧѧد، ال والѧѧѧѧرش الѧѧѧورقى ب }كنتѧѧѧرول {
 جѧزء فѧي الملیѧون    ٢٠٠عѧدل   مب فى الصورة النانومتریة     )الزنك+المنجنیز+الزنك، الحدید +المنجنیز

النتѧائج  حت أوضѧ . رأسѧیاً ) ١١ و جمیѧزه  ١٢ و سدس ١سدس  (أفقیاً بینما رُتِبت أصناف قمح الخبز       
الѧصغرى النانومتریѧة كѧان لهѧا     التى تم الحصول علیها أن معاملات الرش الورقى بѧبعض العناصѧر       

 وزن حبѧѧوب و حبѧة  فلѧѧ وزن الأوعѧدد حبѧѧوب الѧسنبلة   و ارتفѧاع النبѧѧات  صѧѧفاتتѧأثیر معنѧѧوى علѧى   
د  وأعطѧѧت نباتѧѧات الفمѧѧح التѧѧى رُشѧѧت بالحدیѧѧ . الموسѧѧمینفѧѧى كѧѧلا للفѧѧدان محѧѧصول الحبѧѧوبوالѧѧسنبلة 

 عѧلاوة علѧى ذلѧك فѧإن الأصѧناف      ،والمنجنیز والزنك أعلى المتوسطات لمعظم الصفات سابقة الѧذكر      
بالإضѧافة إلѧى أن صѧنف    . محل الدراسة كان لها تأثیر معنوى على جمیع الصفات التѧى تѧم دراسѧتها        

كمѧا كѧان   .  أعطى أعلى القیم فى أغلب الصفات التى تم دراستها خلال موسѧمى الزراعѧة     ١١جمیزه  
 عѧالى عض العناصر الѧصغرى النانومتریѧة وأصѧناف قمѧح الخبѧز تѧأثیر       بلتفاعل بین الرش الورقى ب  ل

صѧѧفة محѧѧصول الحبѧѧوب  علѧѧي فѧѧى الموسѧѧم الأول وتѧѧأثیر معنѧѧوى فقѧѧط فѧѧى الموسѧѧم الثѧѧانى    المعنویѧѧة 
فѧدان  / أردب٢٦٫٩٥ ، ٢٦٫٨٠  والتѧي بلغѧت   أعلى القیم لهѧذه الѧصفة    حیث تم الحصول علي   ،  للفدان

بواسѧѧѧѧѧطة  ورقیѧѧѧѧѧاً رشѧѧѧѧѧه و ١١صنف جمیѧѧѧѧѧزه  زراعѧѧѧѧѧة الѧѧѧѧѧ ن علѧѧѧѧѧى التѧѧѧѧѧوالى مѧѧѧѧѧنفѧѧѧѧѧى الموسѧѧѧѧѧمی
  .الموسمینكلا فى الصورة النانومتریة فى  الزنك+المنجنیز+الحدید


