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UNFLOWER (Helianthus annuus L.) belonging to family Asteraceae is the most important

oilseed crop, its ranks third in world total oil production after soybean and peanuts.
Nanotechnology is a new approach to increase agricultural production with premium quality and
environmental safety. Nano-fertilizers provide some nano nutrients to enhance plant growth and
production. A field experiment was conducted at North Sinai, Egypt (31, 08" 04.3" N, 33,49’ 37.2" E)
during summer seasons (2021 & 2022) to study the effect of Nano and recommended NPK fertilizers.
There were 28 treatments including seven sunflower genotypes (G-245, G-465, A-770, G-775, G-880,
G-990, Gizal20 cv.) and four fertilizer applications (Nano NPK as 100, 75, 50 %, NPK
Recommended). Results showed that Giza-120 with treatment 75 % Nano surpassed in chlorophyll
percent in all growth stage at both studied seasons. Also, Giza-120 with application of 50 % Nano
gave the highest value in biological and stover yield in 2022 season, while, G-245 genotype with 50%
Nano gave the lowest value in total phenols and this the best. Generally, it recommended to cultivate
Gizal20 with 100 % Nano NPK and/or 75, 50 and 25 %; as this treatment responded positively to
Nano application and gave the highest seed yield (t fed™) followed by G-245 genotype. G-465 and G-
245 genotypes with control treatment (recommended NPK) were superior for oil content % and oil
yield (t fad™) at both seasons. Using all treatments (Nano 100, 75 & 50%) x Giza 120 responded
positively in seed without hull, protein yield and protein without content in two seasons.

Keywords: Genotypes, sunflower, Nano NPK, NPK recommended.

1. Introduction

Sunflower contains low cholesterol, so it becomes a
spark basis of the human diet (Sumon et al., 2020).
Its seeds contain a high oil percentage (40-50 %) and
protein of 26% (Petraru et al., 2021). It is a
promising oil seed crop because of its short duration,
high and wide adaptability to different soils and
climatic conditions, drought tolerant and soil salinity,
easy for cultivation and high quality of edible oil
(Vadlamudi et al., 2023). There were high variation
between different genotypes, whereas, Bapir and
Mahmood (2022) illustrated that Velko genotype
gave superiority in seed yield, seed oil and protein
percentage where the highest percent in oil and
protein content (37.66, 22.25%) compared to
Baroloro genotype in sunflower.  Nitrogen,
phosphorus and potassium are essential nutrients for
plant growth and increasing development sunflower
yield (Coélho et al., 2022), whereas, nitrogen is
promoting plant growth and yield components in all
crops. While, phosphorus is one of the most

important elements and a key for life to plant growth
as its role is critical since it is associated with
photosynthesis (Mahotra et al., 2018). For
potassium, it increased drought tolerance and
elevated oil content and improved the quality of
sunflower seeds (LI Shu-tian et al, 2018).
Nanotechnology is a tool for increasing the values of
essential oil and vegetative production (Alhasan,
2020), it has emerged as a promising alternative to
help ameliorate crop growth, productivity and
optimizing chlorophyll synthesis (Hydar et al.,
2024; Zhao et al., 2024). Also, Nanofertilizers play
an important role in plant nutrition, through their
application soil and foliar spraying on the vegetative
system (Singh et al., 2024 a, b). It could potentially
help in reduction of the quantity of fertilizers applied
to crop and reduces fertilizer wastage and minimize
environmental pollution (Upadhyaya et al., 2017;
Singh et al., 2017). There are many benefits had
recorded on the implementation Nano-fertilizers,
particularly, under climate change condition (Sari et
al. 2024), salinity (Sari et al. 2023; Singh et al. 2023
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¢; El-Ramady et al. 2024; Mahawar et al. (2024)
and nutrient deficiency El-Bialy et al. (2023). In
sunflower, the effect of Nano-NPK fertilizer
application significantly gave superiority, where, it's
gave the heavier weight in seed, biological, stalk
yields kg ha® (Vadlamudi et al. 2022). Also, Nano
NPK improving and increasing macro elements
content in soil and nutrients use efficiency, thus,
increasing crop vyields (Vadlamudi, 2023). In
addition, the highest percent oil content was observed
with application Nano-NPK fertilizer compared of
control (Vadlamudi et al. 2022); protein percent
(Bapir & Mahmood, 2022) and oil, protein content
(Hashim & Kakarash, 2024). Foliar application of
Nano fertilizers lead to higher nutrient use efficiency
and has given a rapid response to the growth of crop
(Mahil & Kumar 2019). Nano fertilizers may
consider slow-release of nutrients, enhancing and
high nutrient use efficiency, which supply cultivated
plants with the suitable amounts of nutrients for a
long time compared to conventional fertilizers
(Haydar et al., 2024). As for effect of nano-fertilizer
in some plants, the effect of NPK Nano-fertilizer
application was positively significantly and
improved growth and vyield whereby, led to hike
protein content, chlorophyll, macro elements in
wheat plants (Abdel-Aziz et al., 2016); Al-Juthery
et al.,, 2018); Burhan & Hassan 2019); augment
chlorophyll content and biological yield in Maize
(Alzreejawi & Al-Juthery, 2020); in Lettuce,
increment macro elements percent in leaf (Nofal et
al., 2021); increase macro elements percent in leaf,
chlorophyll in Grapevines (Mohamed et al., 2022);
excess protein content and total phenols in Zaghloul
date palm (AbdEl-Rahman & Abd-El-karim,
2022); enhance macro element in and chlorophyll in
gladiolus plant Rose Supremplant (Sarhan et al.,
2022); augment macro elements in plant and
chlorophyll content in Valencia orange (El-Shereif et
al., 2023); NPK content in soil cultivated by lettuce
(Abdel-Hakim et al., 2023); increment chlorophyll
and macro elements in Mahogany leaf (Nofal et al.
2024), comparing with mineral fertilizers. Finally,
Nano k excess macro elements in plant, oil, protein
and total phenols percent in onion (Salama et al.,
2024).

Eventually, the aim of this study come up to the
choicer fertilizer treatment to attained the highest
production efficiency in missionary genotypes
sunflower. Also, to reach tidally availing from
applying Nano fertilizer on sunflower in salinity soil
condition.

2. Materials and Methods

Site Description

This study was conducted in the Experimental Farm
of EL-Arish  Agriculture  Research  Station,
Agriculture Research Center (ARC), North Sinai
Governorate, (31° 08' 04.3" N, 33 49 37.2" E) on
sunflower during the two consecutive summer
seasons of 2021 and 2022. The study aimed to
evaluate of seven sunflower genotypes with four
different fertilizer treatments under North Sinai
conditions. Soil texture was sandy (fine sand 78%) at
the study site. Drip irrigation was used and water
salinity was 8.38 dsm™ with pH of 7.82.

Treatments

There were 28 treatments including seven genotypes
of sunflower (G-245, G-465, G-770, G-775, G-880,
G-990, Gizal20 cv. as control) and four different
fertilizer treatments (Nano NPK as 100, 75, 50 %,
NPK Recommended as control). Table 1 explicated
pedigrees of the studied genotypes. Fertilizer
treatments distributions as Nano NPK application
protocol are shown in Tables 2, 3, 4, 5.

Table 1. Pedigree of the studied genotypes .

No.  Genotype Pedigree

1 G -245 Line 8 X Line 3
2 G - 465 Line 53 X Line 52
3 G-770 Line 53 X Line 49
4 G -775 Line 54 X Line 49
5 G -880 Line 54X Line 52
6 G -990 Line 59 X Line 52
7 Giza -120 Line 50 X Line 1
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Photos 1, 2. presented yields and filling differentiability of sunflower as affected by recommended and

Nano fertilizer treatments after sun drying.
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Table 2. The first treatment application and growth stages of sunflower at 2021 and 2022 seasons.

1. First treatment 100% Nano NPK

Growth L
Treatment application
stage
100 % Nano NPK
Concentration 38:12:1.2
Fertilizer equation 19:06:06
First
Quantity Add 1.5 L of Nano- fertilizer liquid / 21 line / 788 plants
Adding method Spraying on the leaves of the plant
Add on 2 doses at rate of 750 ml. Nano-fertilizer liquid
Number of doses dissolved in 50 L. irrigation water, where total average 50.75 L. to one dose:
1. 1%ose was added after 10 days after sowing (DAS).
2. 2" dose was added after 15 (DAS).
Concentration 38:12:4
Fertilizer equation 19:06:20
Quantity Add 4 L. of Nano- fertilizer liquid / 21 line / 788 plants
Second Adding method Spraying on each parts of the plant
Add on 3 doses at rate of 1300 ml. Nano-fertilizer liquid dissolved in 50 L.
irrigation  water  total average 513 L to one dose
Number of doses 1. 1 dose was added after 25 (DAS).
2. 2" dose was added after 30 (DAS).
3. 3" dose was added after 35 (DAS).
Concentration 3:1:6
Fertilizer equation 15:05:30
Third

Quantity

Add 4.5 L. of Nano- fertilizer liquid / 21 line / 788 plants.

Adding method

Spraying on each parts of the plant.

Add on 3 doses at rate of 1500 ml. Nano-fertilizer liquid dissolved in 50 L
irrigation  water  total average 515 L to one dose:

Number of doses 1. 1 dose was added after 55 (DAS)
2. 2" dose was added after 60 (DAS).
3. 3" dose was added after 65 (DAS).

Genotypes seeds were obtained from Oil Crops
Research Section, Field Crops Research Institute,
(ARC), Giza, Egypt. The source of Nano - NPK
fertilizer was gotten from Nanotech Company,
Dream land, Gate 3, Wahat road, 6™ October City,
Cairo, Egypt. Nano- fertilizer application rate was
25 cm® dissolved in 1 L. irrigation water for all
treatments by addition rate 2.5 %.

Experiment design

The experimental design was randomized complete
block design (RCBD) in split — plots with three
replications. The main plots were occupied by the
seven studied genotypes, while, the four different
fertilizer treatments were assigned to the sub-plots.
The distribution of fertilizers treatments had been
controlled by water valve. The planting dates of
these experiments were 15" May and 1% May at
2021 and 2022 seasons.
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Items Value Items Value
Irrigation lines length 15m Experiment area 630 m?
Irrigation lines number 84 lines Area per one plant 02m?
Distance between lines 50 cm Number of plant in experiment 3150 plants
Distance within lines 40 cm Number of plants per one treatment. 788 plants
Plot area 75m? Number of plants per fadden 21000 plants

Table 3. The second treatment application and growth stages of sunflower at 2021 and 2022 seasons.

Growth | Treatments 2. Second treatment 75 % Nano NPK
stage application
75 % Nano NPK 25 % Recommended NPK
Concentration 3.8:1.2:1.2 Add 15.5% P,0s at rate of 150 kg fad™
Fertilizer 19:06:06 20 :20: 20
equation
Quantity SiﬁélZS ml. of Nano-fertilizer liquid / 21line / 788 Add 750 g powder NPK / 21 line / 788 plants.
First
Adding method Spraying on the leaves of the plant Put fertilizer by hand
Add on 2 doses at rate of 562 ml. Nano-fertilizer | Fertilization was applied during soil preparing and before
liquid dissolved in 50 L irrigation water total average | planting dose at rate of 750 g of NPK compound fertilizer
Number of doses | 50.562 L. to one dose: | powder on once dose.
1. 1st dose was added after 10 (DAS)
2. 2nd dose was added after 15 (DAS).
Concentration 38:12:14 Add at rate 45 N kg fad™
Fertilizer 19:06:20 20 :20: 20
equation
Quantity Sggtj L of Nano- fertilizer liquid / 21 line / 788 Add 2 kg powder NPK / 21 line / 788 plants
Adding method Spraying on each parts of the plant Injection in irrigation water
Second
- .. | Add on 5 doses at rate of 400 g of NPK compound fertilizer
Add on 3 doses at rate of 1 L. Nano-fertilizer liquid . - R
dissolved in 50 L irrigation water total average 51 L. powder d|ssolnved in 10 L. irrigation water total average 10.400
. L to one dose:
to one dose:
st
Number of doses 1. 1% dose was added after 25 (DAS) 1.1 donie was added after 26 (DAS).
nd 2. 2 dose was added after 31 (DAS).
2. 2" dose was added after 30 (DAS). 3 3 g dded fi 36 DAS
3. 3% dose was added after 35 (DAS) ' " ose  was  acce arter (DAS).
' ' 4. 4 dose was added after 41  (DAS).
5. 5" dose was added after 46 (DAS).
Concentration 3:1:6 Add 48% at rate 50 kg fad™
Fertilizer 15:5: 30 20 :20: 20
equation
Quantity Sggtgws ml. of Nano- fertilizer liquid / 21 line / 788 Add 2.250 kg powder NPK / 21 line / 788 plants
Adding method Spraying on each parts of the plant Injection in irrigation water
Third o
Add. on .3 doses at_rate of 11?5. ml.' Nano-fertilizer Add on 3 doses at rate of 750 g of NPK compound fertilizer
liquid dissolved in 50 L. irrigation water total der dissolved in 20 L. irrigati |
average 5112 L. to one dose: powder dissolved in 20 L. irrigation water total average
’ : ) 20.750 L. to one dose:
Number of doses st
L lnu dose ‘was added after 55 (DAS) .| ; s dose was added after 32 (DAS) .
2. 2™ dose was added after 60 (DAS). nd
3. 39 dose was added after 65 (DAS) 2. 2 dose was added after 37 (DAS).
: "] 3. 3"dose was added after 42 (DAS)
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Table 4. The third treatment application and growth stage of sunflower at 2021 and 2022 seasons.

3. Third treatment 50 % Nano NPK

Growth | Treatment
stage | application
50% Nano NPK 50 % Recommended NPK
Concentration | 3.8:1.2:1.2 Add 15.5% P,Os at rate of 150 kg fad™
Fertilizer 19:06:06 20 :20: 20
equation
. Add 750 ml. Nano- fertilizer liquid / 21 .
Quantity line / 788 plants Add 1.5 kg powder NPK /21 line / 788 plants
. Adding . -
First Spraying on the leaves of the plant ut fertilizer by hand
method praying p p y
Add on 2 doses at rate of 375 ml. Nano-
fertilizer ~liquid _ dissolved in 50 L Fertilization was applied during soil preparin
Number  of | irrigation water total average 50.375 L. to . op g preparing
and before planting dose at rate of 1.5 kg of NPK
doses one dose: compound fertilizer powder on once dose
1. 1% dose was added after 10 (DAS) . P P '
2. 2" dose was added after 15 (DAS).
Concentration | 3.8:1.2:4 Add at rate 45 N kg fad™
Fertilizer 19:06:20 20 :20: 20
equation
. Add 2 L. of Nano- fertilizer liquid / 21 .
Quantity line / 788 plants. Add 4 kg powder NPK / 21 line / 788 plants
Adding . S
method Spraying on each parts of the plant. Injection in irrigation water
Second Add on 3 doses at rate of 650 ml. Nano- | Add on 5 doses at rate of 800 g of NPK
fertilizer liquid dissolved in 50 L. | compound fertilizer powder dissolved in 10 L.
irrigation water total average 50.65 L. to | irrigation water total average 10.800 L. to one
Number of one dose: dose:
doses 1. 1% dose was added after 26 (DAS).
2. 2" dose was added after 31 (DAS).
1. 1% dose was added after 25 (DAS) . 3. 39 dose was added after 36 (DAS).
2. 2"dose was added after 30 (DAS). 4. 4" dose was added after 41 (DAS).
3. 3" dose was added after 35 (DAS). 5. 5"dose was added after 46 (DAS).
Concentration | 3:1:6 Add 48 % at rate 50 kg fad™
Fertilizer 1,5 5. 39 20 :20: 20
equation
. Add 2.25 L. of Nano- fertilizer liquid / 21 .
Quantity line / 788 plants. Add 4.5 kg powder NPK / 21 line / 788 plants.
Adding . S
method Spraying on each parts of the plant. Injection in irrigation water.
Third
Add on 3 doses at rate of 750 ml. Nano- | Add on 3 doses at rate of 1.5 kg of NPK
fertilizer liquid dissolved in 50 L | compound fertilizer powder dissolved in 20 L
irrigation water total average 50.75 L to | irrigation water total average 21.5 L to one dose:
Number of )
doses one dose:

1. 1% dose was added after 55 (DAS).
2. 2" dose was added after 60 (DAS).
3. 3" dose was added after 65 (DAS).

1. 1% dose was added after 32 (DAS)
2. 2" dose was added after 37 (DAS).
3. 3" dose was added after 42 (DAS).
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Table 5. The fourth treatment application and growth stage of sunflower at 2021 and 2022 seasons

4, Fourth treatment recommended NPK

Growth Treatment
stage application
Recommended NPK
Concentration Add 15.5% P,0s at rate 150 kg fad™
Fertilizer 20:20:20
eguation
First Quantity Add 3 kg. recommended NPK /21 line / 788 plants
Adding method Put fertilizer by hand
Fertilization was applied during soil preparing to cultivation dose at rate of 3 kg of NPK
Number of doses compound fertilizer powder on once dose.
Concentration Add at rate 45 kg N fad™
Fertilizer 20:20:20
equation
Quantity Add 8 kg recommended NPK / 21 line / 788 plants
Adding method Injection in irrigation water
Second g ) g
Add on 5 doses at rate of 1.600 kg of NPK compound fertilizer powder dissolved in 10
L. irrigation water total average 11.600 L. to one dose:
1. 1% dose was added after 26 (DAS).
Number of doses 2. 2" dose was added after 31 (DAS).
3. 3™ dose was added after 36 (DAS).
4. 4t dose was added after 41 (DAS).
5. 5" dose was added after 46 (DAS).
Concentration Add 48 % at rate 50 kg fad™
Fertil_izer 20: 20: 20
equation
Quantity Add 9 kg recommended NPK / 21 line / 788 plants
Third Adding method Injection in irrigation water

Number of doses

Add on 3 doses at rate of 3 kg of NPK compound fertilizer powder dissolved in 20 L.

irrigation water total average 23 L. to one dose
1. 1% dose was added after 32 (DAS)
2. 2" dose was added after 37 (DAS).
3. 3" dose was added after 42 (DAS).

Record data:

1. Chlorophyll

concentration (u mol

sodium carbonate (25 g /100 ml H,0) was added.

m™): The absorption of the mixture was measured at 730

according to Parry et al. (2014).

2. Seed oil content % (with and without hull) :
according to AOCS (2017).

3. Total phenols (mg g™): a sample of 0.5 g from
dried hull seeds was then soaked in 80% Ethyl
alcohol in dark bottles for three days. Later one ml
from the extract was mixed with half ml saturated

nm by a Milt Roy spectronic 601- spectrophotometer
at Sugar Crops Research Institute (SCRI), (ARC). A
standard curve from the Galic acid was calculated
following the same previous steps.

Total phenols (mg g¢g?') AOAC (1995), were
calculated according to the following equation:

RXFX10x1

Sample weight X 1000 X Volume of sample
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Where:
R is Reading from spectrometer for the sample.
F is Factor obtained from the standard curve.

4. Yields

4.1. Biological (kg), Stover (kg), seed and oil
yields (t fad™): Plants from 1m? (5 plants) were
harvested and weighted to give seed yield per m%
Then seed vyield (t fad®) was computed by
multiplying seed yield / m? by 4200 m?. In concern
to oil yield, it was computed by multiplying seed
yield t fad ™ by seed oil content with and without
hull seeds.

5. Macro elements in plants.

5.1. Macro elements (kg fad™): sunflower stem and
leaves after harvesting, were taken from each
treatment, then grinded to determine nitrogen,
phosphorus and potassium content. Nitrogen and
Potassium were determined according to Jackson
(1973). Phosphorus content was determined
calorimetrically using the ascorbic acid methods by
Watanabe and Olsen (1965).

5.2. Macro elements use efficiency in plants (kg
kg™): Nutrients efficiency ratio (NER) observed by
Gerloff and Gabelman (1983) to differentiate
genotypes in to efficiency and in efficiency nutrients
utilizers in sunflower stem and leaves.

Unit of yield (seed yield kg fad—1)
Unit of elements in plant in tissue kg fad—1

NER = (kgkg™)

6. Soil analyses: soil samples were taken at a depth
of 0 — 30 cm after the plants were harvested for each
treatment to determine the percentage of organic
matter, EC and pH, macro elements and use
efficiency of macro elements.

6.1. Chemical analyses of soil site: pH, Electrical
conductivity Ec (dsm™) were determined by
Jackson (1973) and organic matter (%) according to
the Walkely and Black method (Black 1982).

6.2. Macro elements content (ppm): after
harvesting date, nitrogen was determined according
to Black et al. (1965), while, phosphorus content,
according to Olsen et al. (1954) then, determined
calorimetrically using the ascorbic acid methods
Watanabe and Olsen (1965), regarding to
potassium content in soil, was determined by
Jackson (1973).

6.3. NPK use efficiency (%) : use efficiency of
macro elements in soil after harvesting date (%),

NPK UE % was calculated according to the
following equations :
NUE % was calculated according to the following

equation :

Percent N before planting — percent N after harvest % 100

Percent N before plant (total)
PUE % was calculated according to the following

equation :

Percent P before planting — percent P after harvest 100
X

Percent P before plant (total)
KUE % was calculated according to the following

equation :
Percent K before planting — percent K after harvest

X 100
Percent K before plant (total)

Statistical analysis

The data were statistically analyzed according to
Senedecor and Cochran (1990) using MSTAT- C
computer program V.4 (1991) . The means values
were compared at P < 0.05 level of probability using
Duncan$ Multiple Range Test (DMRT) Duncan
(1955).

3. Results and Discussion

1. Chlorophyll content (i mol m™).

The chlorophyll in leaves is an important factor than
can be affected by NPK application. As shown in
Table 6 chlorophyll content as affected by the
interaction between studied genotypes and different
fertilizer treatments at both studied seasons. Result
indicated that Giza-102 responded positively to with
Nano application which gave the highest chlorophyll
percent with 100, 75m 50 % NPK after 6, 7, 8
weeks from sowing (WAS) in both seasons,
followed by G-880 genotype after 8 (WAS) at 2021
and 2022. However, the lowest percent chlorophyll
was reported in G-245 genotypes with Nano 75%
NPK in 2021 season and G-245 genotype by
treatment recommended NPK after 6 at 2022 season.
The role of nano-NPK for increasing percent of
chlorophyll a, b may be due to the beneficial effect
of nano fertilizers in increasing the bioavailability of
such necessary nutrients to the growing plants
leading to increase chlorophyll forming and
improved overall growth of the plant Saad-Allah
and Ragab (2020); EL-Madah et al. (2024). The
results are harmony with those obtained by in Wheat
Abdel-Aziz et al. (2016); Al-Juthery et al. (2018);
Burhan and Hassan (2019); in Maize Alzreejawi
and Al-Juthery (2020); in Grapevines Mohamed et
al. (2022); in gladiolus plant Rose Supremplant
Sarhan et al. (2022); in Valencia orange El-Shereif
et al. (2023) and in Mahogany leaf (Nofal et al.
2024) comparing with mineral fertilizers.
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Table 6. Chlorophyll content (1 mol 1) as affected by the interaction between sunflower genotypes and different

fertilizer treatments at 6, 7 and 8 weeks after sowing at 2021 and 2022 seasons.

Chlorophyll content (1 mol I

Weeks after sowing 2021 2022
Genotypes Nano NPK 6 7 8 6 7 8
100 43.01 bcd 5224 def 71.92 abc 4493 cd 45.39 ef 76.00 hi
75 41.27 cd 43.70 f 82.25 ab  46.25 cd 53.11 def 81.43 e-i
G245 50 46.45 bcd 48.39 def 75.44 abc 4381 d 5049 c-f 79.57 f
0 47.83 bc 50.59 def 83.02 ab 4131 d 4455 f 83.10 d-i
100 4493 bed 4539 def 81.26 ab  45.68 cd 49.06 def 83.21 d-i
75 46.25 bcd 53.11 c-f 79.37 ab 4508 cd 55.31 c-f 87.50 b-g
G-465 50 43.81 bcd 50.49 def 68.16 abc 47.20 cd 54.96 c-f 8141 e-i
0 41.32 cd 4455 ef  62.01 d 4159 d 4770 def 76.58 g-j
100 4593 bcd 5258 def 68.13 abc 48.88 cd 56.12 c-f 69.92 ]
75 45.05 bcd 4892 def 74.10 abc 4539 cd 49.38 def 84.24 d-i
G770 50 4238 bcd 4828 def 73.90 abc 4238 d  49.14 def 92.69 a-d
0 4155 bcd  46.39 def 68.93 abc 4170 d  49.39 def 84.10 d-i
100 4249 bcd 63.75 b-f 77.00 abc 4231 d 68.04 a-f 7866 f-
75 4511 bcd 64.38 a-d 74.34 abc 4753cd 68.00 a-e  84.17 d-i
G773 50 41.64 bcd 6799 cf 68.88 d 4231 d 71.14 b-f 76.19 hij
0 41.83 bcd 54.79 c-f 69.05 abc 4150 d 56.72b-f 73.73 ij
100 4596 bcd 5547 c-f 87.99 ab 4930 cd 59.06 a-e 102.77 a
75 47.45 bc 60.02 c-f 83.19ab 4974 d 71.10 a-e 10147 a
G880 50 43.26 bcd 58.12 c-f 83.42ab 4381 d 59.66 b-f 88.13 b-f
0 42.94 bcd 60.09 c-f 80.21ab 4399 d 6241 a-f 86.30 c-h
100 48.67 b 66.05 a-f  70.99 abc 55.82¢ 7285 a-d 9219 a-e
75 46.22 bcd 62.16 b-f 66.99 abc 47.70cd 67.10 a-f  87.36 b-g
G990 50 41.75 bcd 66.26 a-f 7241 abc 4232 d 66.26 a-f 96.33 abc
0 39.63 d 66.57 a-f 85.35 ab  40.67d 68.91 a-f  88.89 b-f
100 74.32 ab 82.13abc  96.40 a 7584 b 7587 abc 102.11 a
. 75 78.72 a 84.75 ab  97.39 a 7899 ab 8275 ab  97.39 ab
Giza-120 50 79.49 a 70.25 a-e 9245 a 86.01 a 67.27 af 95.46 abc
0 78.02 a 89.15 a 85.35 ab 77.88 ab 87.33 a 86.18 c-h
Significant * - - x - .

*Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.

2. Seed oil content (hull and no hull %6).

The oil content stayed one of the most important
evaluation parameters of sunflower quality, whereat,
Data in Table 7 shows that there were high
significant differences on oil content with and
without hull affected by the interaction between
sunflower genotypes and different fertilizer
treatments. In concern in oil content with hull, G-
465 and G-245 genotypes with treatment control 0
% Nano was superiority wherein, gave the highest
values 37.68 &38.88 % and 37.44 and 38.64 % at
2021 and 2022 seasons, respectively,  G-465
genotype increased 84.79 and 69.42 % as compared
to Gizal20 in oil content with hull. Concerning to

Egypt. J. Agron., 47, No. 4 (2025)

oil content without hull, G-465 genotype with
control treatment gave superiority 50.24 & 51.44%
at both studied seasons. Whilst, the lowest percent
were recorded in Gizal20 x75 with hull gave the
minimum percent 22.24& 21.04 % and 50 % Nano
without hull 34.75 & 35.85 % in oil content,
respectively. Thus, using treatment control with G-
465 genotype increased (69.4, 84.8 %) as compared
to Gizal20 x 75% Nano the lowest percent with hull
seeds oil content at both studied seasons. The
variances in seed oil content may be due to the
genetic factors. These results had opposite trend
from Alhasan (2020); Bapir and Mahmood
(2022); Maklid (2023) who observed that
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application nano- fertilizer gave superiority in oil
content and Vadlamudi et al. (2022) and Bapir and
Mahmood (2022) who stated the highest oil content

Table 7. Chemical and biochemical analyses in sunflower hull and non- hull seeds as affected by the interaction

between sunflower genotypes and different fertilizer treatments at 2021 and 2022 seasons.

41.44% was recorded conventional fertilizer + NPK
Nano in sunflower, and Nano K increase oil content
in onion Salama et al. (2024).

Oil content with hull (%)

Oil content without hull (%)

Phenols (mg g™) with hull

Genotypes Nano
NP 2021 2022 2021 2022 2021 2022
100 3237 ef 3357 ¢ 4624 ae 4744 ¢ 124 bc 112 ¢
75 2822 h 2712 h 4569 b-f 4679 d 098 f 077 1
G-245
50 36.34 ab 3764 ab 4679 ad 4779 ¢ 020 j 0.19 r
0 3744 a 3864 a 4827 ab 4917 b 066 ef 089 i
100 3640 ab 3750 ab 4295 dg 4415 de 135 ab 115 ¢
75 2840 h 29.70 g 4084 gh 39.64 f 019 039 o
G465 50 3405 b-f 3515 b 4317 d-g 4207 ef 1.8 cd 1.26 b
0 3768 a 3888 a 50.24 A 5144 a 0.49 s 0.72 |
100 3430 b-f 3320 ¢ 3887 H 3997 e 120 ¢ 1.01 fg
75 3147 fg 3267 d 4252 d-h 4362 e 057 f 0.35 op
G0 50 3209 ef 3089 f 4044 g-h 3924 ef 137 ab 125 b
0 3190 ef 3310 c¢ 4558 b-f 4648 d 058 f 079 Kk
100 31.38 ef 30.18 f 46.73 ad 4783 ¢ 0.79 ef 0.57 m
75 3625 ab 3745 ab 4561 b-f 4641 d 130 b 1.07 e
e 50 2908 gh 2798 h 4244 fgh 4124 e 044 g 023
0 3471 ae 3341 c¢ 4798 abc 4683 d 039 gh 022 r
100 2719 h 2839 gh 4359 d-g 4479 de 103 e 085 j
75 3287 def 3167 e 46.24  a-e 4724 ¢ 1.39 a 1.49 a
G-880
50 3272 def 3362 ¢ 4404 cg 4524 de 111 d 0.93 h
0 3156 fg 30.66 f 4359 d-g 4279 ef 112 d 0.90 i
100 27.92 h 29.02 ¢ 49.00 ab 5020 ab 0.92 f 0.75 |
75 3417 b-f 3297 «cd 3444 | 35.64 h 0.68 ef 0.48 n
©-9%0 50 3210 ef 3300 c¢ 4603 b-f 4713 ¢ 059 f 079 k
0 2725 h 2805 gh 3530 | 36.20 h 029 i 051 m
100 27.03 h 2793 h 4834 ab 4954 b 1.00 e 1.22 bc
75 2224 i 21.04 i 4388 cg 4308 f 027 i 030 p
Giza-120
50 3334 cf 3204 d 3475 | 3585 h 077 ef 099 gh
0 3549 ad 3439 bc 4193 fgh 4073 ¢ 0.48 g 0.31 p
Significant ** *x *x *x *x *x

*Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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Table 8. Biological and stover yields after harvesting date (kg), seed and oil yields (t fad™) with and without hull as
affected by the interaction between sunflower genotypes and different fertilizer treatments at 2021 and 2022

seasons.
Biological yield (kg) Stoveryield (kg)  Seed yield (tfad®) O y'*é'tdfa‘{‘gtl? hull Ol yie'd(;”figgﬂ;’t hull
G. Nano NPK%
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
100 1.88 bc 2.32b 041bc 0.50d 0.86 1.53 abc 27.82cd 51.36 b 39.87 bcd  72.58 ab
75 1.79¢ 2.22hc 0.37bc 0.46¢g 0.96 137 a9 27.20 cd 37.07¢g 39.83bcd  63.96 bc
G245 50 1.88 bc 231b 0.66 a 0.8la 0.84 1.40 a-g 30.00bcd 52.70ab 39.53bcd 66.91b
0 148e 191d 0.28d 0.37] 0.68 137 a9 25.36 cd 52.82ab  32.81be 67.22b
100 141 ef 1.83e 0.34c 0.44i 1.12 1.27c-9 40.74 ab 47.51d 47.90abc  55.94 de
5465 Ve 148 e 171 f 28.0d 033k 0.88 1.30 b-g 2472 cd  3861f 35.79cde 5351 e
50 149e 1.92d 0.35¢c 0459 0.88 1.47 a-e 30.11bcd 51.57b 38.05 be 61.72¢c
0 1.26 f 1.69 f 0.32d 0.42d 0.69 1.37 a9 26.30 cd 53.15a 34.94 cd 70.32 ab
100 1.25f 1.63f 0.25e 0.34n 0.95 1.10 hi 3257 bcd  36.52gh 36.74 bc 43.97h
5770 75 0.85h 1.281i 021f 0.32n 0.99 1.17f-h 31.25bcd 38.13f 41.81bcd 50.90 e
- 50 220a 246 b 0.30d 0.37 j 1.01 1.20 e-h 3218 bcd 37.079g 40.81bcd 47.09¢
0 1129 155 027e 036g 071  1.00i 2260d 3310i  32.29d 46.48 gh
100 1139 1569 0.25e 0.35j 0.92 1.33a-9g 29.09 bcd 40.14ef 4328bcd  63.61 bc
6775 75 148e 1.90 de 0.35bc 045e 0.95 140 a-g 34.67abc 5243ab 43.69bcd  64.97 bc
50 147e 1.91de 0.36bc 047e 1.00 1.50 a-d 28.96 bcd 41.97e 4221bcd 61.86¢C
0 1.52d 1.96 d 0.37bc 0.47b 0.84 1.43 a-e 29.03 bcd 47.88d 40.00bcd  67.18b
100 1.80c 2.22bc 0.40c 0.49b 0.98 143 a-e 26.68 cd 40.68ef 42.80bcd 64.18 bc
G-580 75 0.74 1.16] 018g 030n 099 1.13gh 32.38bcd 35889  40.22bcd  53.52e
50 0.74 ] 1.17] 020w 0.32n 1.37 1.23d-h 44.83 a 41.45ef  60.65a 55.78 de
0 1.12¢g 155¢ 0.23 f 0.32n 0.78 1.17 f-h 24.53 cd 35.78 h 33.85de 49.94 f
100 1.52d 1.95d 0.37bc 047e 1.06 1.17f-h 29.46 bcd  33.87i 52.30 ab 58.58 ¢
75 0.85i 1.28i 0.23q 0.35i 0.95 1.30 b-g 32.51bcd 42.86¢€ 32.76 de 46.33 g
G-990
50 1.04h 1.47h 0.23f 0.33n 1.00 1.23d-h 32.01bcd 40.69 ef 45.77abc 58.11c
0 1.02h 1.45h 0.25f 0.351 0.83 1.30b-g 22.44d 36.47¢ 29.12e 47.06 g
100 1.68 cd 212c 0.38bc 0.48¢c 1.14 160a 30.60 bcd 44.69de 54.68ab 79.26 a
75 157d 201lc 0.35¢ 0.45d 1.08 1.50 a-d 23.85d 31.56 ij 47.04abc  64.62 bc
Giza-120
50 219a 252a 044b 053¢ 111 157 ab 37.00 ab 50.21bc  38.44bcd 56.18d
0 175¢ 2.18d 041bc 051c 0.97 1.43 a-e 34.27abc  49.28c 40.47bcd  58.37c
Significant *x **x * * N.S * * * * *
*Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
3. Total phenols (mg g%). treatments in 2021 and 2022 seasons., G-880

Study

total

phenols content is

important  to

genotype with using 75 % Nano NPK gave the

increasing the plant's ability stressful condition,
especially, drought. Results in Table 7 shows that
Total phenols content as affected by the interaction
between sunflower genotypes and different fertilizer

Egypt. J. Agron., 47, No. 4 (2025)

highest values 1.39 & 1.49 mg g, at 2021 and 2022
seasons. These results corroborate the study,
whereas, nano fertilizer enhanced total phenols in
plant as reported by Rico et al. (2014) and in peanut
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El-Metwally et al. (2018). In Zaghloul date palm
AbdEI-Rahman and Abd-El-karim (2022) and in

Table 9. Macro elements in stem after harvesting (kg fad™?) as affected by interaction between genotypes and

onion Salama et al. (2024).

different fertilizer treatments at 2021and 2022seasons.

Nano

NPK % Stem
Genotypes Nitrogen Phosphorus Potassium
2021 2022 2021 2022 2021 2022
100 760 h 1071 349 ¢ 189 eh 6589 bc 6153 i
75 1222 e 1533 148 e 3.08 b-g 67.82 bc 6446 gh
G245 50 1928 d  16.17 429 b 279 b-g 5150 e 4914 k
0 23.04 b 19.95 532 ab 372 ad 6074 d 6510 gh
100 2836 a 26.25 6.63 a 483 a 7849 b 7413 ef
75 2219 b 2520 486 b 336 af 6819 bc 64.89 gh
G465 50 7.71 h 10.82 147 e 307 af 67.04 bc 64.68 gh
0 2020 ¢ 22.26 582 ab 422 abc 6872 bc 7140 f
100 2178 ¢  18.69 204 d 364 ad 9739 a 9303 a
75 1033 f 1344 273 d 413 abc 7083 bc 6720 g
G710 50 5.38 i 8.40 132 e 292 bg 4977 f 4641 k
0 7.16 h 9.24 324 ¢ 184 fg 36.17 g 4053 m
100 8.06 h 1113 349 ¢ 209 d-h 59.09 d 6195 h
75 1705 d 1911 459 b 329 af 5738 de 61.74 i
G-775
50 1165 e 1470 425 b 295 b-g 5649 de 59.85 j
0 1763 d 19.74 426 b 3.06 b-g 8668 ab 8232 bc
100 1571 de 12.60 511 ab 351 af 63.00 c 59.64 |j
75 16.00 de 19.11 581 ab 441 ab 7938 b 76.02 de
-89 50 1345 e 1134 239 d 399 abc 3582 g 4011 m
0 1756 d  18.69 405 b 245 cg 6309 c 6636 gh
100 11.96 ef 9.87 460 b 300 b-g 3440 g 3738 n
75 823 g 512 516 ab 386 ad 4935 f 4599 Kl
G990 50 1529 de 12.18 426 b 216 d-h 8899 ab 8463 b
0 839 g 1050 256 d 126 h 8311 b 7875 «cd
100 1592 de 1281 214 de 154 gh 5125 e 4767 Kk
Giza-120 75 972 f 1281 524 ab 364 ae 4662 fg 4326 Im
50 1599 de 13.88 359 ¢ 350 ae 5233 e 4977 k
0 1133 ef 1344 093 f 253 c¢-h 6421 c 6657 ¢
Significant **x *x * *x *x *x

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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Table 10. Macro elements in leaves after harvesting (kg fad™) as affected by interaction between genotypes and
different fertilizer treatments at 2021and 2022seasons.

Nano L
NPK % eaves
Genotypes Nitrogen Phosphorus Potassium
2021 2022 2021 2022 2021 2022
100 4049 ab 3738 abc 421 b 315 bed 5632 cd 51.66 gh
75 3867 ab 3611 ad 418 b 315 bcd 5280 d 4956 hi
G-245
50 4196 a 3885 a 505 ab 399 ab 4758 e 5124 gh
0 3763 abc 3549 af 171 e 273 cf 5991 ¢ 5565 fg
100 3086 de 3297 af 205 de 252 cf 3888 h 3465 |
75 36.64 b 3549 af 265 d 273 cf 4879 e 4557 |
G-465
50 36.37 b 3381 af 289 d 231 cf 3669 h 3990 k
0 2797 e 31.08 af 295 d 252 cg 4485 f 4809 i
100 4217 a 39.06 a 401 b 357 abc 8320 a 7854 a
75 2473 ¢ 26.88 f 321 ¢ 294 bcd 4796 e 4557 |
G-770
50 3314 ¢ 3129 af 216 de 147 g 4880 e 4641 |
0 2782 e 3066 af 397 bc 357 abc 4085 g 3846 k
100 2432 ¢ 2688 f 259 d 210 d-h 4796 e 4557 |
75 2473 ¢ 26.88 f 276 de 210 d-h 3809 h 3570 k
G-775
50 3564 b 3255 af 302 ¢ 289 cd 5169 d 4830 i
0 3320 ¢ 3645 ad 289 d 210 d-h 6081 bc 6300 d
100 3956 ab 3654 ad 601 a 441 a 7154 ab 69.06 b
75 3524 b 3360 af 311 ¢ 210 d-h 6997 b 6531 bed
G-880
50 26.85 f 2751 ef 332 ¢ 231 d-h 3616 h 3150 m
0 3467 c 3823 ab 228 de 126 h 5842 cd 53.76 gh
100 2761 e 2961 bf 526 a 420 a 4225 g 3759 k
75 2657 f 2815 d 271 d 168 fg 5611 cd 5145 gh
G-990
50 26.14 f 2709 f 290 d 189 ef 6913 b 6447 cd
0 2986 de 3171 af 312 ¢ 210 d-h 6225 bc 5859 ef
100 3241 d 2940 cf 334 c¢ 231 d-h 6398 bc 6132 de
Giza-120 75 3189 d 2982 bf 188 e 084 i 4372 g 39.06 k
50 3524 b 3339 af 329 ¢ 231 d-h 7233 ab 6867 bed
0 30.73 de 2772 ef 321 ¢ 231 d-h 6283 bc 5817 ef
Significant * * * *ox *x *x

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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4. Yields

4.1. Biological, Stover (kg), seed and oil yields (t
fad™)

Seed yield considered the most important traits, it is
an ultimate goal and facilitates the evaluation to check
out the effectiveness of all treatments hence it should
be, it is an absolute product, physiological and
morphological processes occurring in plants during
growth. As for the effect of the interaction among
sunflower genotypes and different fertilizer treatments
on Biological, Stover, seed and oil yields, results in
Table 8 showed that had a high significant influence
whereat, superiorities were recorded in Gizal20 with
50 % Nano in biological yield (219 & 2.52 kg), and
G-245 genotype was supreme to the other genotype in
stover yield (0.66 & 0.81 kg) at both seasons. Against
the lowest, the lightest weight of biological (0.74 &
1.16 kg) and stover (0.18 & 0.30 kg) yield were
observed in G-880 genotype x 75 % Nano at 2021
and 2022 seasons. Regarding to seed yield t fad-1,
Gizal20 responded positively to with Nano
application which gave the highest seed yield (1.60,
1.50& 1.57 t fad-1) with 100, 75 and 50 % NPK
Nano followed by G-245 genotype. In concern oil
yield, G-465 genotype x control gave superiority of
oil yield with and without hull at 2022 season,
followed by G- 245 genotype x control in oil yield
with hull and without hull at 2022 season.
Consequence, G-245 genotype was decrease 8.4 %
compared of Gizal20 with application 100% Nano
NPK in non-hull oil yield the same season. Also in
the same Table, G-465 genotype using 100% Nano
was increased 70 % as compared to Gizal20 x 75%
Nano NPK interaction which considered the lowest
value in hull oil yield in 2021 season. This might be
due to the cause that foliar application of nano-NPK,
which is regarded the biological pump for the plants
to absorb nutrients, furthers the plant to absorb the
nutrients efficiently and in turn enhance the
photosynthesis rate Vadlamudi et al.. (2022; 2023).
Similar significant effects were recorded by Abdel-
Aziz et al. (2016) illustrated that nano fertilizer NPN
excess yields in Wheat; in cotton Sohair et al. (2018);
biological yield in Maize Alzreejawi and Al-Juthery
(2020); Bapir and Mahmood (2022) and Vadlamudi et
al. (2022, 2023) and Vadlamudi et al. ( 2023)
implementing NPK Nano fertilizer in sunflower
augment seed, biological, stalk yields kg ha™ in
sunflower.

5. Macro elements in plant.

5.1. Macro elements (kg fad™).

In the light results Data in Tables 9 and 10 indicated
that high significant effect in the interaction between

sunflower genotypes and different fertilizer treatments
in macro elements percent in stem and leaves after
harvesting date (kg fad™), results showed that G465 x
100% Nano NPK is supreme in nitrogen (28.36&
26.25kg fad™) and phosphorus (6.63 & 4.83 kg fad”
Ycontent in stem after harvesting at both seasons,
respectively. Also, G770 genotype x 100 % Nano
gave superior on all studied genotypes where, gave
the highest values in potassium content in stem
(97.39 & 93.03kg fad™) and leaves (83.20 & 78.54 kg
fad™) and nitrogen content in leaves (42.17 & 39.06
kg fad™) after harvesting at both seasons, respectively,
In addition, implementation 100% Nano NPK x G880
genotype gave the highest percent phosphorus in
leaves after harvesting date in 2021 and 2022 seasons.
Similar significant effects were recorded by Abdel-
Aziz et al. (2016); Al-Juthery et al. (2018); Burhan
and Hassan (2019) in wheat statyed that applying
Nano fertilizer NPK excess macro elements in plant;
in leaf Lettuce Nofal et al. (2021); in Grapevines
Mohamed et al. (2022); in gladiolus plant Rose
Supremplant Sarhan et al. (2022); in Valencia orange
El-Shereif et al. (2023); in Mahogany leaf (Nofal et
al. 2024), comparing with mineral fertilizers and
Salama et al. (2024) in onion x Nano k.

5.2. Macro elements use efficiency in plants (kg kg™)
Overall NUE in plant is a function of capacity of soil
to supply adequate levels in nutrients and ability of
plant to acquire, transport in roots and remobilize to
other parts of the plant. The evaluation of NPK use
efficiency is useful to differentiate plant genotypes for
their ability to absorb and utilize nutrients for
maximum yields, whereby, Tables 11 and 12 showed
that interaction between sunflower genotypes and
different fertilizer treatments, where, G-770 genotype
x 50 % Nano gave the highest weight in nitrogen use
efficiency in stem at both seasons and surpassed in
phosphorus use efficiency content in stem at 2021
season. Regarding to the highest weight potassium
use efficiency in stem and leaves were recorded in G-
880 genotype x 50% Nano at both studied seasons.
These results confirmed with those obtained by
Mustafa and Zaied (2019); El-Salhy(2021) whose
stated that application Nano fertilizer makes nutrients
greater available to plant through leads to regulate the
release of nutrients from fertilizers and therefore
result in enhance nutrient use efficiency and reduce in
nutrient doses and AbdEI-Aziem et al. (2020) whose,
illustrated that Nano fertilizer NPK gave the
maximum values in nitrogen, phosphorus and
potassium use efficiency in potato.
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Table 11: Macro elements use efficiency in stem after harvesting (kg kg?) as affected by the interaction between
genotypes and different fertilizer treatments at 2021and 2022seasons.

Nano

NPK % Stem
Genotypes Nitrogen Phosphorus Potassium
2021 2022 2021 2022 2021 2022
100 11355 ab 143.04 a 24728 e 91180 a 13.10 fg 2487 «cd
75 7856 d 8987 fgh 649.97 ab 36454 fgh 1415 f 21.30 de
G245 50 4372 g 8491 gh 19637 f 59440 bc 1637 e 2797 bc
0 2951 i 6777 i 12789 h 30649 hi 1120 g 20.83 de
100 3960 h 4720 ij 16938 g 24586 | 1431 f 1673 ij
75 3966 h 5131 Kk 18096 fg 51338 bcd 1291 fg 19.91 ef
G465 50 11414 ab 130.85 ab 59742 b 39420 efg 1313 fg 2222 de
0 34.16 h 62.26 ij 118.62 i 367.79 fg 10.04 h 1942 ef
100 4362 g 5960 ij 46569 c 33739 fg 975 i 1197 |
75 9555 b 8759 fgh 36154 d  258.69 i 1393 fg 1751 gh
G770 50 18773 a 14101 ab 76342 a 48343 «cd 2029 ¢ 2559 cd
0 99.16 b 10781 de 21934 ef 46072 de 1963 d 24.77 «cd
100 11452 ab 11952 cd 26470 e 57442 bc 1562 ef 2148 de
75 5589 f 7286 h 207.63 ef 46289 de 1661 e 2257 de
e 50 85,58 ¢ 101.20 ef 23459 ef 628.11 b 1765 e 2487
0 4765 g 7229 hi 197.04 f 41531  ef 9.69 i 17.31 gh
100 6238 e 11551 cd 19167 f 407.75  ef 1556 ef 2451 «cd
75 61.88 e 5867 ij 17040 gh 23206 j 1247 fg 1478 jk
o8 50 101.86 b 10758 de 57322 b 34158 fg 3825 a 3034 ab
0 4425 g 63.65 ij 19185 f 629.18 b 1232 fg 1793 gh
100 8888 ¢ 11852 «cd 23124 ef 32746 gh 3090 ab 3127 ab
75 11543 ab 8511 gh 18411 g 32248 gh 1925 d 27.97 bc
G990 50 6540 de 10315 de 23474 ef 99769 a 1124 g 1484 jk
0 9857 b 12267 bc 32343 d 102411 a 995 i 16.38  jk
100 7161 d 12431 abc 53271 bc 94925 a 2224 b 3335 a
Giza-120 75 11111 ab 117.00 cd 205.99 ef 32465 gh 2317 b 3482 a
50 69.62 de 11248 «cd 309.77 d  530.38 bcd 21.27 bc 31.38 ab
0 8535 ¢ 10660 de 639.78 ab 619.68 bc 1506 ef 2156 de
Significant * *x *x * *x *

* Means having the same letter within each column are not significantly differed at 0.05 level according to (DMRT).
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Table 12. Macro elements use efficiency in leaves after harvesting (kg kg?) as affected by the interaction between
genotypes and different fertilizer treatments at 2021and 2022seasons.

Nano Leaves
NPK %
Genotypes Nitrogen Phosphorus Potassium
2021 2022 2021 2022 2021 2022
100 2131 g 4092 ¢ 20499 f 48628 ef 1532 de 2962 c
75 2483 e 4268 cd 229.67 ef 437597 ef 18.18 cd 27.78 «cd
G245 50 20.09 h 3541 fg 166.93 gh 34447 g 17.72 cd 26.82 cd
0 18.07 i 38.31 ef 397.66 c 495.19 ef 1135 f 2442 cde
100 3639 b 37.75 ef 54780 ab 491.84 ef 2888 a 3590 ab
75 2402 e 3645 ef 33208 cd 47373 ef 1804 cd 2836 «cd
G405 50 2420 e 4224 bc 30450 cd 61823 bc 2398 b 36.16 ab
0 2467 e 4470 abc 23390 e 55034 cd 1538 de 28.89 «cd
100 2253 f 2858 j 23691 e 31192 gh 1142 f 1418 i
75 3991 ab 4383 bc 30748 d 400.27 f 2058 ¢ 25.84 cde
e 50 3048 d 3807 ef 46759 b 80636 ab 2070 c¢ 25,60 cde
0 2552 e 3267 h 178.84 ¢ 279.12 h 1738 d 2591 cde
100 3795 ab 4947 abc 35637 cd 65143 bc 1925 cd 2922 «cd
75 3854 ab 5198 ab 34529 «cd 75227 ab 2502 ab 39.05 a
e 50 2797 de 4580 abc 330.13 cd 38713 f 19.29 cd 30.80 bc
0 2530 e 3899 cd 290.66 de 47274 ef 1381 ef 2262 d
100 2477 e 39.88 cd 163.06 gh 33051 g 13.70 ef 21.02 fg
75 2809 d 3339 ¢ 31833 cd 60667 bc 1415 e 1719 h
-850 50 51.04 a 4498 abc 412,65 bc 529.15 de 3789 a 3912 a
0 2241 f 3115 i 34079 ¢ 94526 a 1330 ef 2213 d
100 3850 ab 3950 de 202.09 f 289.10 h 2516 ab 3110 bc
75 3575 b 4573 abc 35055 c¢ 76592 abc 1693 d 2505 «cd
990 50 38.26 ab 46.65 abc 34483 ¢ 668.07 bc 1447 e 1949 ¢
0 2770 de 4056 cd 26506 de 53862 cd 1329 ef 2194 ef
100 3517 b 5493 a 34132 ¢ 60209 bc 1782 d 26.04 cd
Giza-120 75 33.87 bc 50.66 abc 57447 a 527.53 de 2470 ab 3834 a
50 3158 ¢ 46.86 abc 33830 c 674.90 bc 1539 de 2273 d
0 3147 ¢ 52.02 ab 30125 cd 619.87 bc 1539 de 2461 cd
Significant * * * *x *x **

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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Table 13. Soil chemical properties of the experimental site as affected by sunflower genotypes and different fertilizer

treatments at 2021 and 2022 seasons.

Nano Chemical analyses of soil
NPK% - . — r -
pH (1:2.5) Electrical conductivity (dsm™) Organic matter (%0)
Genotypes
2021 2022 2022 2021 2022

100 812 cd 811 cf 233 b 2.45 cd 1.10 bc 1.16 c

75 814 ¢ 8.17 ae 245 ab 2.57 b 2.92 a 3.01 a
G-245

50 817 b 8.22 abc 231 bc 2.33 f 0.68 de 0.77 f

0 801 h 8.02 fg 2.36 b 241 de 251 b 2.60 b

100 8.00 i 8.01 g 2.32 bc 2.36 ef 050 g 060 |

75 821 ab 821 abc 252 a 2.65 a 0.81 c 0.89 d
G-465

50 813 ¢ 8.14 b-f 231 bc 2.35 f 0.27 k 0.31 q

0 811 d 812 b-f 221 d 226 j 064 de 073 g

100 817 b 8.19 a-d 224 cd 2.26 j 0.42 h 0.51 0

75 811 d 8.12 b-f 2.22 cd 2.24 | 0.43 h 0.51 0
G-770

50 820 b 8.22 abc 219 d 2.30 f 0.82 c 0.91 d

0 816 b 817 a-e 236 b 2.47 c 032 | 041 p

100 813 ¢ 8.14 b-f 2.20 cd 231 f 0.63 de 0.72 g

75 816 bc 817 a-e 223 cd 2.34 f 0.58 f 0.67 j
G-775

50 817 b 8.18 a-d 220 cd 231 f 0.74 d 0.83 e

0 813 ¢ 8.14 b-f 235 b 2.46 cd 0.60 e 0.69 E

100 826 a 8.28 a 2.15 d 2.26 j 0.47 h 0.53 n

75 814 ¢ 8.16 a-e 222 cd 231 f 0.49 h 0.58 mn
G-880

50 814 ¢ 8.15 b-e 226 c 2.35 f 0.65 de 0.74 gh

0 821 ab 822 abc 223 cd 2.25 ki 1.07 bc 1.16 c

100 809 e 8.11 cf 248 ab 2.53 b 0.67 de 0.68 i

75 803 f 805 efy 244 ab 253 039 i 045 p
G-990

50 813 ¢ 8.15 b-e 217 d 2.26 i 0.13 | 0.14 S

0 821 ab 8.24 abc 221 cd 2.27 f 0.56 f 0.65 kl

100 819 b 8.22 abc 224 cd 2.39 g 0.13 | 0.15 S
Giza-120 75 812 cd 8.08 dg 234 b 2.30 f 0.73 c 0.82 ef

50 814 ¢ 8.19 a-d 220 cd 2.25 j 0.21 k 0.25 r

0 811 d 8.13 b-f 2.22 cd 2.29 h 0.39 i 0.44 p
Slgnlflcant * * % % * % % * % * %

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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Table 14. Macro elements content in soil after harvesting (ppm) as affected by interaction between genotypes and
different fertilizer treatments at 2021and 2022seasons.

mgr:(o% Macro elements in soil (ppm)
G Nitrogen Phosphorus Potassium
2021 2022 2021 2022 2021 2022
100 26.79 e 2940 i 537 bc 6.70 a-e 3167 cd 3400 hi
75 2399 ef 2660 kI 607 ab 740 ad 2571 e 28.00 Kkl
G-245
50 2549 ef 2800 jkI 327 e 460 e 2768 d 30.00 jk
0 2418 ef 2660 kI 297 f 430 e 1169 j 1400 p
100 2339 f 2590 | 529 bc 6.30 ae 3971 bc 4200 de
75 2545 ef 2800 jkI 407 d 540 cde 2172 g 2400 m
G40 50 2403 ef 2660 kI 658 ab 760 abc 17.73 i  20.00 o
0 3314 ¢ 3570 ef 746 a 850 ab 3574 ¢ 3800 f
100 3244 ¢ 3500 f 521 bc 630 ae 3375 cd 36.00 gh
75 26.09 ef 2870 ijk 649 ab 7.60 abc 27.77 d 3000 jk
G770 50 2539 ef 2800 jkI 518 bc 630 ae 4775 b 5000 c
0 3659 b 3920 cd 407 d 520 cde 2964 d 3200 ij
100 3799 b 4060 bc 474 c¢ 590 b-e 4973 b 5200 c
75 3239 ¢ 3500 f 733 ab 850 ab 7174 ab 7400 b
e 50 4226 a 4480 a 602 ab 720 ae 3971 bc 4200 de
0 3099 cd 3360 fg 517 bc 650 ae 2378 f 2600 Im
100 2820 d 3080 hi 537 b 670 ae 1967 h 2200 no
75 2958 d 3220 gh 6.37 ab 7.70 abc 3177 cd 34.00 hi
©-680 50 2121 f 2380 m 567 b 700 ae 4166 bc 4400 d
0 3475 bc 3730 de 550 b 670 ae 2767 d 30.00 jk
100 3803 ab 4060 bc 378 d 500 cde 2969 d 32.00 ij
75 3944 ab 4200 b 787 a 910 a 3367 cd 36.00 gh
990 50 3246 ¢ 3500 ef 416 c¢c 540 cde 4767 b 5000 c
0 2827 d 3080 hi 575 b 7.00 ae 37.67 bc 4000 ef
100 2548 ef 2800 jkI 544 bc 6.70 ae 2967 d 3200 i
Giza-120 75 3801 ab 4060 bc 543 bc 670 ae 3567 c 3800 f
50 26.79 e 29.40 ij 332 e 460 de 3982 bc 4200 de
0 3239 ¢ 3500 ef 501 bc 630 ae 8979 a 9212 a
Significant *ox *x * * *x **

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.
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Table 15. Macro elements use efficiency in soil after harvesting (%) as affected by interaction between
genotypes and different fertilizer treatments at 2021and 2022seasons.

Macro elements use efficiency in soil %

Nitrogen Phosphorus Potassium
G Nano NPK
2021 2022 2021 2022 2021 2022
100 631 | 16.67 h 19.64 21.90 4540 d 4138 hi
G-245 75 508 m 555 j 5.67 7.93 55.67 ¢ 51.72 ef
50 1115 g 1111 i 35.61 37.87 5228 ¢ 4827 fg
0 505 m 555 39.54 41.80 7984 a 7586 a
100 718 k 516 12.61 14.87 3153 f 2759 Im
G465 75 915 i 1111 i 24.77 27.03 6255 bc 58.62 cd
50 6.03 | 580 j 18.73 20.99 6943 b 6546 b
0 3151 d 4167 de 2233 24.59 3838 e 3448 jk
100 2873 d 3889 def 1279 15.05 4181 de 3793 ij
G-770 75 856 ] 13.89 i 14.59 16.85 5212 ¢ 4828 fg
50 896 ] 1111 i 13.60 15.86 1767 i 1379 n
0 4520 bc 5555 bc 2747 29.73 4890 d 4483 gh
100 50.75 b 6111 b 21.16 23.42 1426 | 1035 n
s 75 2853 d 38.89 def 2233 24.59 2396 h 2759 Im
-775
50 67.70 a 77.78 a 6.30 8.56 3153 f 2758 Im
0 2298 e 3333 efg 9091 12.17 59.00 bc 5517 de
100 1190 g 2222 ¢ 9.18 11.44 66.09 bc 62.07 bc
G-880 75 1738 e 2778 f 11.62 13.88 4522 d 4038 h
50 1583 ef 556 j 22.24 24.50 2817 g 2414 m
0 3790 ¢ 4802 cd 972 11.98 5229 ¢ 4828 fg
100 5091 b 6111 b 30.17 32.43 4881 d 4483 gh
5.990 75 56.51 ab 66.67 b 20.71 22.97 4195 de 3793 i
50 2881 d 38.88 def 2477 27.03 1781 h 1379 n
0 1218 f 2222 ¢ 14.95 17.21 35.05 ef 31.03 Kl
100 1025 h 1111 i 14.32 16.58 4884 d 4483 gh
. 75 5083 b 6111 b 10.72 12.98 3850 e 3448 jk
Giza-120
50 931 i 16.67 h 37.84 37.84 3134 f 2759 Im
0 2853 d 3889 f-h 1493 14.93 5481 ¢ 5862 «cd
Significant * - N.S. . x .

* Means having the same letter within each column are not significantly differed at 0.05 level according to DMRT.

6. Soil analyses.

6.1. Chemical analyses of soil site.

Nano-fertilizers are highly efficient in supplying
plants with nutrients and have physical properties.
Table 13 shows that there were high significant in
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the interaction between sunflower genotypes and
different fertilizer treatments on soil chemical
properties of the experimental site after harvesting
date during two studied seasons. The highest percent
organic matter (2.92 and 3.01%) were found in G-
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245 genotype x75 % Nano NPK in soil depth 30
cm after harvesting date in both seasons. Also, the
highest percent ( 2.52 and 2.65 dsm™) of electrical
conductivity in soil analyses from the same depth
after harvesting date were recorded in G-465
genotype X 75 % Nano NPK followed by G- 245
genotype Xx75 % Nano NPK at both respective
seasons but the lowest electricity conductivity were
recorded in G-880 genotype x 100% Nano and gave
the highest values pH percent in soil analyses after
harvesting date at 2021 and 2022 seasons. The
opposite trend was obtained by Vadlamudi (2023)
who mentioned that there were non-significant in pH
and organic matter in soil .

6.2. Macro elements content in soil (ppm).

Table 14 shows that high significant effect of macro
elements in soil analyses from 0 to 30 cm after
harvesting date among sunflower genotypes and
different fertilizer treatments. Regarding to nitrogen
element percent in soil after harvesting, the highest
percent were reported in G-775 genotypes x 50 %
Nano NPK at both studied seasons followed by G-
990 genotype x 75 % Nano NPK. Respecting
potassium content in the soil were observed in Giza-
102 x control is supreme at the first and second
seasons. Respecting to phosphorus, G-990 genotype
X 75 % Nano NPK gave the maximum percent of
phosphorus content in the soil from the same depth
after harvesting date followed by G-775 genotype
X75 % Nano and G- 465 genotypes x control at both
studied seasons. The same trend was obtained by
Vadlamudi (2023).

6.3. Macro elements use efficiency in soil (%0).

Use of Nano-fertilizers is one the potential option
available for enhancing the nutrient use efficiency
and increasing crop yields and also minimize its
accumulation in the soil. Data in Table 15 shows the
interaction between sunflower genotypes and
different fertilizer treatments in macro elements use
efficiency in soil after harvesting date at 2021 and
2022 seasons. G-775 genotype x Nano 50 % NPK
gave the highest percent (67.70 and 77.78 %) of
nitrogen use efficiency followed by G-990genotype
with 75 % Nano NPK. Also, G-245 genotype gave
superiority of percent potassium use efficiency in the
soil after harvesting date (79.84 & 75.68 %) with
control 0 NPK. These results confirmed with those

obtained by Vadlamudi (2023).
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