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Abstract 
The present study was carried out during the two successive summer seasons 

of 2020 and 2021 at Agronomy Experimental Farm, Faculty of Agriculture, Assiut 
University, Assiut, Egypt to investigate the influence of planting methods and 
foliar spray by zinc oxide nanoparticles on seed and oil yields of sunflower cv. 
Giza 102. The experiment was laid out in randomize complete blocks design 
(RCBD) using strip plot arrangement with three replications. The studied planting 
methods i.e., beds, ridges and drill on flat were arranged vertically while, the 
studied zinc dioxide nanoparticles concentrations i.e., control, 50, 100, 150. 200 
and 250 ppm were allocated horizontally. The obtained results showed that the 
studied planting methods, zinc oxide nanoparticles concentrations and their 
interaction had a significant or highly significant effect on most studied traits i.e., 
100-ssed weight (g), seed weight head -1 (g), seed yield fed.-1 (kg), seed oil content 
and oil yield fed.-1 (kg). in addition, cultivation of sunflower plants on ridges and 
spray it with a concentration of 200 parts per million of nanometric zinc oxide gave 
the highest mean values for the average oil yield per feddan, which amounted to 
1403.24 and 1269.93 kg per feddan for the first and second seasons, respectively. 
Keywords: Sunflower, Zinc Dioxide Nanoparticles, Planting Methods 

Introduction 
Sunflower (Helianthus annuus L.) belongs to family Asteraceae and 

considered an important oilseed crop in the world. Seeds of  sunflower contain 
approximately 45 to 50% oil with different quality from region to region (Pereyra-
Irujo et al. 2009). Sunflower oil has a high percentage of unsaturated fatty acid 
content (about 89 %) and low percentage of  saturated fatty acid content (about 
11%) . Also, its rich in linoleic acid (Omega 6) and Trochophores (vitamin E) that 
are very appreciated by consumers all over the world (Onat et al., 2017). therefore, 
it has a  high nutritional value. There are, many uses of sunflower products 
including human consumption, animal diets, flour and protein isolates for food 
products ( pectin). 
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In Egypt, sunflower production arrived to 15817 ton, which was produced 
through 15430 faddans  with an average of 1.025 ton/ faddans (FAO, 2019). The 
total quantity of oil produced in Egypt via extraction of local as well as imported 
oilseed covers only two percent of the consumption needs of edible oil. The 
remaining 98% has been covered through imported oils (Aswaq Financial Co., 
2018). There is a big gap in edible vegetable oils in Egypt. There is great interest 
in improving sunflower production by choosing the suitable cultivar and using the 
best sowing practices, including; appropriate sowing methods, fertilization, 
irrigation, pests-control, etc. to increase the production of sunflower oil and 
decrease the gap between edible oil consumption and production.  

Sowing methods is one of the most important agronomic practices which 
affect the performance of sunflower crop by modifying its phenological and 
morphological phases. Choosing the suitable sowing method, has been shown to 
improve water use efficiency, nutrients use efficiency, reduced weed infestation 
and also reduce seeding rate without reducing yield (Holm et al., 2002). Sowing 
in narrow rows revealed optimal conditions, yield increase , and adaptive 
responses to abiotic stresses (Khalifa, 1984). In addition, improvement in water 
use efficiency is also endorsed due to better availability of plant nutrients; lower 
weed density in ridges sowing, and ultimately an enhanced final crop yield in 
furrows sowing method as compared to the flat bed sowing (Nasrullah et al., 2009). 

Zinc is considered one of the most important micronutrients for crops, which 
plays a printable role in many metabolism functions inside plant tissue i.e., gene 
expression, synthesis of protein, maintaining membranes structural and functional 
stability, and as a catalyst for a large number of  enzymes (Shahhoseini et al., 2020 
and Velasco et al., 2020). It is also an essential nutrient for vegetative development 
(Pandey et al. 2010) as it acts as a precursor in Phyto-hormones such as auxins, 
which affect cell elongation and division. Furthermore, zinc is essential for 
photosynthesis and facilitates carbohydrate metabolism in plants by stabilizing or 
activating proteins participation in these processes (Rehman et al., 2012).  
Application of bulk ZnO or nano-ZnO to plants improves biochemical aspects, 
growth and consequently yield (Sadak and Bakry 2020). 

Nowadays, the use of Nano-fertilizers containing active nanoparticles has 
increased due to the great benefits that these particles have shown in various fields 
of agriculture and plant protection (Prasad et al., 2017; Gkanatsiou et al., 2019 and 
Kolenčík et al., 2020). Moreover, Abou-Bakr et al. (2019) revealed that seed index 
and seed weight head-1 (g), Seed yield (kg fed.-1), oil percentage (%) and oil yield 
(kg fed.-1) of sunflower were significantly affected by studied zinc oxide 
nanoparticles concentrations in both seasons in favor to 200 ppm concentration.  

The objective of this research was to evaluate the effect of sowing methods 
and foliar spray by zinc oxide nanoparticles on the seed and oil yields of sunflower. 
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Materials and methods 
The present study carried out during 2020 and 2021 seasons at the 

Agricultural Experimental Farm, Faculty of Agriculture, Assiut University, Assiut, 
Egypt, to investigate the influence of sowing methods and foliar spray by zinc 
oxide nanoparticles on seed and oil yields of sunflower cv. Giza 102. The 
mechanical and chemical analyses of the experimental soil were presented in Table 
1. 
Table 1. Some physical and chemical properties of the experimental Soil. 
Properties 2020 2021 

Mechanical analysis (%) 

Sand 27.30 27.90 

Silt 22.70 22.10 

Clay 50.00 50.00 

Soil type Clay Clay 

Chemical analysis 

pH 7.70 7.65 

Organic matter % 1.85 1.75 

Total N% 0.09 0.08 

Strip plot arrangement with three replications under randomize complete 
blocks design (RCBD) was used in experiment layout. The studied sowing 
methods i.e., beds, ridges and drilling on flat were arranged vertically while, the 
studied zinc dioxide nanoparticles concentrations i.e., 50, 100, 150. 200 and 250 
ppm plus control (without ZnO NPs) were distributed horizontally. The plot size 
was 10.5 m2 (3.5 long * 3.0 m width). Seeds of sunflower cv.102 ( Oil Crops 
Section,  Field Crops Research Institute, Agricultural Research Centre, Egypt. 
seeds of sunflower were hand sown on rows at 60 cm. , drilling, on ridges and on 
beds (bed width was 120 cm) in hills 20 cm apart during 25th and 26th of June 2020 
and 2021 seasons, respectively. Control plants were treated with water (without 
ZnO NPs) while the others were sprayed by the concentrations of ZnO NPs. The 
used zinc oxide nanoparticles for foliar spray were produced by Sigma-Aldrich 
Company (Saint-Louis, MO, USA). The particle size of nano-zinc oxide was about 
30 - 40 nm with 99% purity of white color. Solutions of nano-ZnO were prepared 
at the concentrations of 50, 100, 150, 200 and 250 ppm by dissolving 50, 100, 
150,200 and 250 mg nano- ZnO in one liter of distilled water. Spraying was carried 
out by the back sprayer at a rate of 0.5 liter for each experimental unit at 30 days 
after sowing. Weeds control was done using Amex 48% (N-sec -butyl-4-tert - butyl 
– 2,6 – dinitroaniline) before emergency.  The preceding winter crops in the two 
study seasons was wheat. All other recommended cultural practices for sunflower 
were performed in both seasons. 
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Studied traits  
at harvest the follows traits were measured 
1-Hundred seeds weight (g): The average weight in grams of two random 

100 seed samples taken randomly from each experimental unit.  
2-Seed weight head-1 (g): The average weight of separated seeds from five 

heads chosen randomly from each experimental unit. 
3- Seed yield (Kg fed-1): Heads of five bagged inner ridges of each 

experimental unit were harvested and left two weeks until fully air dried and seeds 
were manually separated then weighted and transferred to kg fed 

4- Seeds oil content (%): oil percentage in sunflower seeds was estimated by 
extraction using Soxhlet apparatus and petroleum ether (bp 60 – 80 °C) as solvent 
according to A.O.A.C. (2000). 

5- Oil yield (kg fed.-1 ):  oil yield =seed yield fad.-1 ×  seed oil percentage. 
Statistical analysis: 

All collected data were analyzed via analysis of variance (ANO…VA) 
Procedures, using the SAS Statistical Software Package v.9.2 (SAS, 2008). 
Differences between means were compared by revised least significant difference 
(R LSD) at 5% level of probability (Gomez and Gomez, 1984). Variances of the 
two seasons were not homogenous, consequently the combined analysis was not 
performed.  
Results and discussions 
Hundred seed weight (g) 

Data presented in Table 2 revealed that the studied sowing methods had a 
significant (p≤0.01) effect on seed index of sunflower only for the second season, 
while the differences between the studied sowing methods failed to reach the  
significance in the first season. Thus, the highest mean value of hundred seed 
weight of sunflower cv.102 (7.90 g) in the second season was recorded for bed 
sowing method while the least mean value (5.93 g) was gained from drilling on 
flat method. In addition, an increase in seed index was noticed by the second 
season with using sowing on beds compared to the others two methods of sowing 
amounted to 13.34 and 33.22%,  for ridges or drilling on flat, respectively. This 
could be explained by the role of bed sowing methods in avoiding plants the bad 
effect of flooding and improving aeration and consequently enhancing nutrient 
availability and uptake which resulted in heavier seeds due to an increase in 
translocation of metabolic products to seeds which considered a main sink of 
sunflower plants. Similar trend was observed by Mahmoud et al. (2020) who found 
that sowing sesame using terraces method gained the heaviest sesame seeds as 
compared to drill or furrows methods. Furthermore, the hundred seed weight trait 
of sunflower cv. Giza 102 was affected highly significantly (p≤0.01) by the tested 
zinc oxide nanoparticles concentrations in the two growing seasons (Table 2). 
Sunflower plants which were sprayed by 200 ppm of ZnO NPS produced the 
maximum mean values of 100- seed weight of sunflower reached about 8.30 and 
7.21 g in the first and second seasons, respectively. Zinc has been considered as an 
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essential micronutrient for its role in plants metabolic activities. It regulates the 
various enzyme activities and requires in biochemical reactions leading to 
formations of chlorophyll and carbohydrates which led to an increase in seeds 
weight (Palmer and Guerinot, 2009). Similar trend was obtained by Abou-Bakr et 
al. (2019). 

 Moreover, the exhibited data in Table 2 focus that the interaction between 
the studied planting methods and the tested ZnO NPs concentrations had a 
significant (p≤0.05) and highly significant (p≤0.01) influences on 100 seed weight 
of sunflower cv.102 in the first and second seasons, respectively. Thus, sowing 
sunflower plants on bed and fertilized it by 200 ppm ZnO NPs in the first season 
or 50 ppm in the second one gained the maximum mean values of 100 seed weight 
(8.72 and 8.89 g in the two respective seasons). These aforementioned results can 
be attributed to the fact that this interaction combined the benefits of the sowing 
on beds, which is to provide a good environment for growth in terms of ventilation 
to help the roots breathe and provide the energy needed to absorb water and the 
necessary nutrients, in addition to the role of zinc, which is necessary in 
photosynthesis and enzymatic activity, which helped to increase the products of 
photosynthesis and transfer them from the sources (plant leaves) to the sinks 
(seeds), which led to the filling of the seeds and an increase in their weight. 
Table 2. Means of 100- seed weight of sunflower as affected by planting methods, 

zinc oxide nanoparticles concentrations and their interaction in 2020 and 2021 
seasons.  

2021 2020 Season 

Mean 
Planting methods 

Mean 
Planting methods Zinc oxide 

nanoparticles 
(ppm) 

Drill 
on flat Ridge Bed Drill 

on flat Ridge Bed 

7.11 6.64 6.95 7.73 7.71 7.81 7.86 7.47 Control 
6.96 5.4 6.59 8.89 7.84 8.34 7.66 7.51 50 ppm 
7.18 6.34 6.78 8.41 7.18 7.03 7.31 7.21 100 ppm 
6.66 5.38 7.25 7.37 7.52 7.36 7.54 7.66 150 ppm 
7.21 6.21 7.28 8.15 8.30 7.75 8.43 8.72 200 ppm 
6.49 5.61 6.98 6.87 7.68 8.29 7.36 7.39 250 ppm 

 5.93 6.97 7.90  7.76 7.69 7.66 Mean 

Rev LSD 0.05 F Test Rev LSD 0.05 F Test F Test and 
R.LSD 0.05 

0.38 ** 0.40 ** Planting 
methods 

0.29 ** 0.46 ** Zinc NPS 
0.66 ** 0.83 * Interaction 

Where* and ** mean significant at 5 and 1 % level of probability, respectively 

Seed wight head-1 (g) 
It’s clear from the obtained data in Table 3 that the studied planting methods 

had a highly significant (p≤0.01) effect on the seed weight head-1 trait in the two 
growing seasons.   The method of planting sunflower on ridges outperformed the 
rest of the tested cultivation methods and gave the highest seed weight per head, 
which amounted to 77.23 and 73.34 g per head in the first and second seasons, 
respectively. This previous result may be attributed to the increase in the number 
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of seeds for the head formed as a result of using the method of planting on ridges 
(unpublished data), which is the main component of the weight of the seeds per 
head. Buttar (1995) found higher dry matter of sunflower with ridge sowing as 
compared to flat method. The previous founding is in a good line with those 
obtained by Jasmeet et al. (2016). 

Also, data in Table 3 showed that the seed weight.  head -1 was significantly 
affected (p≤0.05) and highly significantly (p≤0.01) by the studied ZnO NPs 
concentrations in both seasons, respectively.  Sprayed sunflower plants by 200 
ppm ZnO NPs recorded the  highest mean values of seed weight. head-1 (75.96 and 
65.16 g in the two respective seasons). This was expected, since the same ZnO 
NPs concentration gained the maximum average values with regard to hundred 
seeds weight as mentioned before (Table 2) . The previous findings are agreement 
with those obtained by Abou-Bakr et al. (2019). 

Concerning the effect of the interaction between sowing methods and zinc 
oxide nanoparticles concentration, data illustrated in Table 3 cleared that the 
interaction had a highly significant influence on seed weight head -1 for the first 
and second seasons. Thus, sowing sunflower on ridges and fertilized with 200 ppm 
ZnO NPs gained the highest average values of   seed weight. head-1 (91.64 and 
87.79 g in the two respective seasons). These aforementioned results can be 
attributed to the fact that this interaction combined the benefits of the sowing on 
ridges, which provide a good environment for growth in terms of ventilation to 
help the roots breathe and provide the energy needed to absorb water and the 
necessary nutrients, in addition to the role of zinc, which is necessary in 
photosynthesis and enzymatic activity, which helped to increase the products of 
photosynthesis and transfer them from the sources (plant leaves) to the sinks 
(seeds), which led to the filling of the seeds and an increase in their weight head-. 
Table 3. Means of Seed weight head -1 (g)of sunflower as affected by planting 

methods, zinc oxide nanoparticles concentrations and their interaction in 2020 
and 2021 seasons.  

2021 2020 Season 

Mean 
Planting methods 

Mean 
Planting methods Zinc oxide 

nanoparticles 
(ppm) 

Drill 
on flat Ridge Bed Drill 

on flat Ridge Bed 

50.95 44.80 64.11 43.94 67.17 65.12 72.00 64.39 control 
56.26 49.39 69.67 49.72 66.92 64.81 62.40 73.56 50 ppm 
56.17 55.47 76.05 36.99 71.40 65.34 81.93 66.95 100 ppm 
62.19 49.78 79.24 57.54 74.36 52.59 86.47 84.03 150 ppm 
65.16 62.25 87.79 45.44 75.96 66.00 91.64 70.26 200 ppm 
57.60 54.7 63.15 54.94 73.4 86.1 68.95 65.15 250 ppm 
------ 52.73 73.34 48.09 ------ 66.6 77.23 70.72 Mean 

Rev LSD 0.05 F Test Rev LSD 0.05 F Test F Test and 
R.LSD 0.05 

3.84 ** 3.80 ** Planting method 
2.12 ** 5.61 * Zinc NPS 
4.90 ** 6.36 ** Interaction 

Where, * and ** mean  significant at 5 and 1 % level of probability, respectively 
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Seed yield (kg fed.-1): 
The presented data in Table 4 showed that the tested sowing methods had a 

significant (p≤0.05) and highly significant (p≤0.01) effects on seed yield / fed.-1. 
during the two respective seasons. Sowing sunflower seeds on ridges out yielded 
the maximum mean values of seed yield fed.-1 (2703.11 and 2566.72 kg fed.-1 in 
the two respective seasons). This was logic since the same trend was observed 
regarding seed weight. head-1 as shown previously in Table 3, since, seed weight. 
head -1  is considered the main component of seed yield fed.-1. Similar results were 
detected by Buttar (1995) and Jasmeet et al. (2016). 

Also, the results shown in Table 4 indicated that there was a significant effect 
of the zinc nanometric concentrations under study on seed yield per feddan in the 
2020 season and highly significant in the second season. Whereas, spraying 
sunflower plants with a concentration of 200 parts per million of nanometric zinc 
oxide led to the highest values of the average seed weight in kilograms per feddan, 
which amounted to 2658.83 in 2020 season and 2280.60 in the second season. In 
addition, spraying sunflower plants with a concentration of 150 parts per million 
of nanometric zinc oxide came in second rank in terms of the amount of seeds per 
feddan (2602.72 and 2176.53 kg fed.-1 in the two respective seasons), with a 
statistically insignificant difference from the foliar spray with a concentration of 
200 ppm.  This increase in seed yield per feddan with foliar spraying of 200 parts 
per million is attributed to the fact that the same concentration of nanometric zinc 
oxide led to an increase in the components of the crop under study, such as the 
weight of 100 seeds and the weight of seeds for the head, and thus led to an increase 
in the weight of seeds per feddan. Similar trend was obtained by Abou-Bakr et al. 
(2019). 
Table 4. Means of seed yield (kg fed.-1) of sunflower as affected by planting methods, zinc oxide 

nanoparticles concentrations and their interaction in 2020 and 2021 seasons.  
2021 2020 Season 

Mean 
Planting methods 

Mean 
Planting methods Zinc oxide 

nanoparticles 
(ppm) 

Drill 
on flat Ridge Bed Drill 

on flat Ridge Bed 

1783.25 1568.00 2243.85 1537.90 2350.95 2279.20 2520.00 2253.65 Control 
1969.10 1728.65 2438.45 1740.20 2342.32 2268.35 2184.00 2574.60 50 ppm 
1965.95 1941.45 2661.75 1294.65 2499.23 2286.90 2867.55 2343.25 100 ppm 
2176.53 1742.30 2773.4 2013.90 2602.72 1840.65 3026.45 2941.05 150 ppm 
2280.60 2178.75 3072.65 1590.40 2658.83 2310.00 3207.40 2459.10 200 ppm 
2015.88 1914.50 2210.25 1922.90 2569.00 3013.50 2413.25 2280.25 250 ppm 
------- 1845.61 2566.72 1683.33 ------ 2333.10 2703.11 2475.32 Mean 

Rev LSD 0.05 F Test Rev LSD 0.05 F Test F Test and 
R.LSD 0.05 

134.4 ** 133 ** Planting 
methods 

74.2 ** 196.35 * Zinc NPS 
171.5 ** 222.6 ** Interaction 

Where* and ** mean non-significant and significant at 5 and 1 % level of probability, respectively 
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Regarding the effect of the interaction between the tested sowing methods 
and the nanometric zinc concentrations under study, the data in Table 4 showed 
that there was a  highly significant effects of this interaction on the characteristics 
of seed yield per feddan during the two study seasons. Sowing of sunflower plants 
on ridges and spraying  with a concentration of 200 parts per million of nanometric 
zinc oxide gave the highest values of the average seed yield per feddan, which 
amounted to 3207.40 and 3072.65 kg per feddan for the first and second seasons, 
respectively. 
Seed oil content (%) 

Data in Table 5 reveal that the seed oil content was significantly affected 
(p≤0.05) in the 2020 season and highly significantly (p≤0.01) in the second one by 
the studied sowing methods. Sowing sunflower seeds on bed surpassed the others 
studied sowing methods in this respect and recorded the highest mean values of 
seed oil content in both season which were 43.99 and 40.42 % in 2020 and 2021 
seasons, respectively. This could be attributes to the role of bed sowing methods 
in avoiding sunflower plants the bad effects of flooding and improving aeration 
and consequently enhancing nutrient availability and uptake which led to an 
increase in photosynthesis process as well as the transformation of carbohydrate to 
fatty acids consequently to oil. 

Furthermore, data in Table 5showed that the tested zinc oxide nanoparticles 
concentration had a highly significant (p≤0.01) effect on seed oil content in the 
two seasons. Thus, the maximum seed oil content in the 1st season (44.08 %) was 
obtained from sunflower plants which were sprayed by 150 ppm ZnO NPs 
concentration while, the highest average value in the second season (41.50 %) was 
recorded from sunflower plants which were sprayed by 250 ppm ZnO NPs 
concentration. This might be due to the superiority of ZnO NPs concentration 
capability in transformation of sugar to fat in seed tissue. The recorded results are 
in agreement with those obtained by Sankaran et al. (2001), Gitte et al. (2005) and 
Abou-Bakr et al. (2019).  

Concerning the interaction between sowing methods and ZnO NPs 
concentrations, data presented in Table 5 showed that the interaction between 
sowing methods and ZnO NPs concentrations had a highly significant (p≤0.01) 
effect on seed oil content in both seasons. In addition, the highest average value of 
seed oil content in the first season was 46.17 % which was recorded from 
sunflower plants which were planted on beds and sprayed by 100 ppm ZnO NPs 
concentration . While the corresponding value in the second season was 43.5 % 
which was recorded from sunflower plants which were planted on beds and 
sprayed by the high ZnO NPs concentration (250 ppm). This might be ascribed to 
the role of this interaction. This is attributed to the role of the interaction between 
the method of sowing on terraces and foliar spraying with nanometric zinc oxide 
in providing a good environment for growth, increasing enzymatic activity and the 
photosynthesis process, as well as increasing the efficiency of converting sugars 
resulting from photosynthesis into oils. 



 
Impact of Planting Methods and Foliar Spraying with Zinc Dioxide… 

Assiut J. Agric. Sci. 53 (3) 2022 (1-13)              9 

Table 5.Means of seed oil content (%) of sunflower as affected by planting methods, 
zinc oxide nanoparticles concentrations and their interaction in 2020 and 2021 
seasons.  

2021 2020 Season 

Mean 

Planting methods 

Mean 

Planting methods Zinc oxide 
nanoparticles 
(ppm) 

Drill 
on 
flat 

Ridge Bed Drill 
on flat Ridge Bed 

39.94 38.50 40.33 41.00 43.67 45.50 41.75 43.75 Control 
39.83 40.00 41.00 38.50 42.36 41.83 40.75 44.50 50 ppm 
37.17 35.00 36.00 40.50 43.42 40.33 43.75 46.17 100 ppm 
38.33 38.00 37.67 39.33 44.08 44.75 45.50 42.00 150 ppm 
40.00 39.00 41.33 39.67 43.50 43.75 43.75 43.00 200 ppm 
41.50 39.00 42.00 43.50 43.33 41.00 44.50 44.50 250 ppm 

--- 38.25 39.72 40.42 ----- 42.86 43.33 43.99 Mean 

Rev LSD 0.05 F Test Rev LSD 0.05 F Test F Test and 
R.LSD 0.05 

1.07 ** 1.02 * Planting 
methods 

0.71 ** 1.95 ** Zinc NPS 
2.16 ** 1.18 ** Interaction 

Where, * and ** mean significant at 5 and 1 % level of probability, respectively 

Oil yield (kg fed.-1) 
 The results showed in Table 6 indicated that there is a significant effect of 

the sowing methods used on the characteristics of the oil yield per feddan for both 
seasons of the study. Sowing on terraces outperformed the other sowing methods 
under study in this regard and gave the highest values for the averages of this trait, 
which amounted to 1175.13 and 1017.65 kg fed.-1 for the two sowing seasons, 
respectively. That was an expected results since, the highest average values of the 
seed yield per fed. was obtained from using the same sowing method as previously 
explained in Table 5, also, seed yield per fed. is the main component of the of the 
oil yield per feddan. The aforementioned result was obtained. Similar findings 
were recorded from Caliskan et al. (2004) and Mahmoud et al. (2020) in sesame 
crop. 

In the meantime, the obtained data shown in Table 6 indicated that there was 
a highly significant effect of zinc nanometric concentrations on the oil yield per 
feddan in the 2020 season and significant in the second season. The highest 
averages of the oil yield per feddan were obtained from sunflower plants which 
were sprayed with a concentration of 200 ppm of nanometric zinc oxide, which 
amounted to 1157.09 and 916.85 kg per feddan for the first and second seasons, 
respectively. This result was expected, since the same concentration of nanometric 
zinc oxide led to obtaining the highest average values of the seed yield per feddan, 
which is the main component of oil yield . The obtained data of the oil yield per 
feddan.  The recent results are in a good line with those obtained by Praksh and 
Halaswamy (2004), Gitte et al. (2005) and Abou-Bakr et al. (2019). 
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Regarding the effect of the interaction between the studied sowing methods 
and the nanometric zinc concentrations under study, data in Table 4 reveal that 
there was a highly significant and significant effect of this interaction on the 
characteristics of oil yield per feddan in the two respective seasons. Sowing of 
sunflower plants on ridges and sprayed with a concentration of 200 parts per 
million of nanometric zinc oxide gave the highest mean values for the average oil 
yield per feddan, which amounted to 1403.24 and 1269.93 kg per feddan for the 
first and second seasons, respectively. This was logic, since the same interaction 
was significant with regard to seed yield fed.-1 trait. 
Table 6. Means of oil yield (kg/fed.) of sunflower as affected by planting 

methods, zinc oxide nanoparticles concentrations and their interaction 
in 2020 and 2021 seasons. 

2021 2020 Season 

Mean 

Planting methods 

Mean 

Planting methods Zinc oxide 
nanoparticles 
(ppm) 

Drill 
on 
flat 

Ridge Bed Drill 
on flat Ridge Bed 

713.06 603.68 904.95 630.54 1025.04 1037.04 1052.10 985.97 Control 
787.067 691.46 999.76 669.98 994.84 948.85 889.98 1145.70 50 ppm 
720.69 679.51 958.23 524.33 1086.25 922.31 1254.55 1081.88 100 ppm 
832.96 662.07 1044.74 792.07 1145.32 823.69 1377.03 1235.24 150 ppm 
916.85 849.71 1269.93 630.91 1157.09 1010.63 1403.24 1057.41 200 ppm 
837.14 746.65 928.31 836.46 1108.05 1235.54 1073.90 1014.71 250 ppm 

---- 705.52 1017.65 680.715 -------- 996.34 1175.13 1086.82 Mean 

Rev LSD 0.05 F Test Rev LSD 0.05 F Test F Test and 
R.LSD 0.05 

61.20 ** 60 ** Planting 
methods 

50.20 ** 100.35 * Zinc NPS 
242.3 * 110.00 ** Interaction 

Where* and ** mean non-significant and significant at 5 and 1 % level of probability, respectively 

Conclusion 
It might be recommended that, sowing of sunflower plants on the ridges 

along with foliar spraying with 200 parts per million of nanometric zinc oxide 
produce the highest yield of oil per feddan. 
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محصـــــولي البذور والزیت  علىالزنك النانومتري  بأكســـــیدطرق الزراعة والرش الورقي  تأثیر
 لدوار الشمس

 عبد المنعم عوض هللا عمر، حسني عبد الرؤوف علي علي،باھي راغب بخیت، السعدي عبد الحمید 
 مصر أسیوط،جامعة   ،كلیة الزراعة ،قسم المحاصیل

 مصر  ،جامعة اسوان، كلیة الزراعة والموارد الطبیعیة المحاصیل،قسم 

 الملخص 
ــیل  في    2021و  2020 أجریت ھذه الدراســـة خالل موســـمي كلیة    ،البحثیةمزرعة المحاصـ

الزنك   مـصر لدراـسة تأثیر طرق الزراعة والرش الورقي بأكـسید أـسیوط،  أـسیوط،جامعة    الزراعة،
بتصـمیم   . نفذت التجربة102لعباد الـشمس صـنف جیزة    والزیتعلى محصـولي البذور   النانومتري
ترتیب طرق  ) بترتیب الشـــرائح المنشـــقة بثالثة مكررات. تم RCBD(  كاملة العشـــوائیةالقطاعات  

تخـصیص  تم   ارض مـسطحة عمودیًا بینما  علىوتـسطیر    وخطوط الزراعة المدروـسة ھي مـصاطب  
جزء في الملیون أفقیًا.  250 ،200،  150  ،100  ،50  ،كنترولوسـة ھي تراكیز جزیئات الزنك المدر

النتائج المتحصـــل علیھا أن طرق الزراعة المدروســـة وتراكیز جســـیمات أكســـید الزنك   وكانت
ــة مثل   النانومتریة ــفات المدروسـ وتفاعلھا كان لھا تأثیر معنوي أو عالي المعنویة على معظم الصـ

محتوى الـبذور   )،محصـــــول الـبذور للـفدان (كجم  )،وزن الـبذرة للراس (جم  )،ـبذرة (جم  100  وزن
فإن زراعة نباتات عباد الشـــمس   ذلك،من الزیت ومحصـــول الزیت للفدان (كجم). باإلضـــافة إلى  

الزنك النانومتري أعطت أعلى قیم   جزء في الملیون من أكســـید  200  تركیزعلى خطوط ورشـــھا ب
كجم للفدان للموســــم االول   1269.93و  1403.24  محصــــول الزیت للفدان والتي بلغتلمتوســــط 

 .التوالي علىوالثاني  
 

 
 


