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Abstract

This study was conducted over two successive summer
seasons (2020 and 2021), at the Agronomy Experimental Farm,
Faculty of Agriculture, Assiut University, Egypt. The objective
was to evaluate the effects of different planting methods and
foliar applications of zinc oxide nanoparticles on key
physiological traits of the sunflower cultivar Giza 102. A
randomized complete block design (RCBD) arranged in a strip
plot format with three replications was used. Planting methods
beds, ridges, and flat drills were assigned to vertical strips,
while zinc oxide nanoparticle concentrations (0, 50, 100, 150,
200, and 250 ppm) were assigned to the horizontal strips. The
results indicated that both planting methods nanoparticle
concentrations, and their interaction, significantly or highly
significantly affected most of the measured traits. These
indicated leaf area index (LAI), leaf area duration, total
chlorophyll content, net assimilation rate, crop growth rate, and
relative growth rate. The highest net assimilation rates, 51.89
and 37.03 g/m*week in the first and second seasons,
respectively, were recorded when sunflower was grown on
ridges or beds and treated with 150 ppm zinc oxide
nanoparticles topically. Moreover, this treatment improved oil
quality by increasing the content of unsaturated fatty acids,
particularly oleic and linoleic acids.
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Introduction

Sunflower (Helianthus annuus L.), a
member of the Asteraceae family, is one of the
most important oilseeds crops globally due to
its high oil yield and valuable nutritional
properties. While oil content and seed
composition can vary depending on genotype
and environmental conditions; sunflower seeds
typically contain 45-50% oil (Pereyra-Irujo et
al., 2009). Sunflower oil is widely preferred for
human consumption because of its high
proportion of unsaturated fatty acids
(approximately 89%) and its relatively low
saturated fatty acid content (around 11%).

In Egypt, sunflower production reached
15,817 tons harvested from 15,430 feddans,
with an average yield of 1.025 tons per feddan
(FAO, 2019). However, domestic production
satisfies only about 2% of the national demand
for edible oils, with the remaining 98% met
through imports (Aswaq Financial Co., 2018).
This wide gap has prompted nationalizes aimed
at enhancing local oilseed production through
improved agronomic practices and the
selection of high-yielding cultivars. Sowing
technique plays a vital role in determining crop
phenology, morphology, and yield.
Appropriate planting methods can reduce weed
pressure, improve water and nutrient use
efficiency, and decrease seed rates without
compromising productivity (Holm et al., 2002).
Ridge and furrow systems in particular have
been shown to enhance water availability,
nitrogen uptake, and overall crop performance
compared to flat sowing/1(Nasrullah et al.,
2009). Zinc (Zn) is an essential micronutrient
involved in numerous physiological functions,
including gene expression, protein synthesis,
membrane stability, and enzymatic activity
(Shahhoseini et al., 2020; Velasco et al., 2020).
It also plays a critical role in vegetative growth
by participating 1in the Dbiosynthesis of
phytohormones, particularly auxins, which
regulate cell division and elongation (Pandey et
al., 2010). Moreover, zinc contributes to the

efficiency of photosynthetic processes and
carbohydrate metabolism by stabilizing or
activating several key proteins (Rehman et al.,
2012). Recent advancements in
nanotechnology have introduced nano-
fertilizers as a promising alternative to
conventional fertilizers. According to Prasad et
al. (2017), Gkanatsiou et al. (2019), and
Kolen¢ik et al. (2020), nano-fertilizer
formulations containing nanoparticles such as
zinc oxide (ZnO) have demonstrated
significant potential in enhancing plant
nutrition, improving crop performance, and
promoting sustainable agricultural practices.
Numerous oilseed cultivars have been created
in sunflower breeding to maximize the content
of essential fatty acids, especially oleic and
linoleic acids. As a result, different varieties of
sunflower oil, including high linoleic, high
oleic, and mid-oleic, have been identified. Both
genetic and environmental factors affect the
fatty acid profile of sunflower oil; high oleic
varieties (>80% monounsaturated fatty acids)
provide better nutritional quality and oxidative
stability (Skori¢ et al., 2008).

According to Said & Mohamed (2021),
sunflower yield parameters were significantly
impacted by the interplay between
micronutrient nanoparticles and the timing and
frequency of foliar treatments. Iron,
manganese, and zinc nanoparticles were used
in three foliar sprays at 30, 50, and 70 days
after sowing, which produced the maximum
seed and oil yields (3.47 and 3.55 t/fed;
1765.88 and 1770.67 kg/fed, respectively).

Objectives

The present study was undertaken to
investigate the effects of different sowing
methods and foliar application of zinc oxide
nanoparticles on the crop growth rate and net
assimilation rate as well as on the composition
of saturated and unsaturated fatty acids of
sunflower (Helianthus annuus L.)
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Materials and methods

This experiment was conducted over two
consecutive summer seasons (2020 and 2021)
at the Agricultural Experimental Farm, Faculty
of Agriculture, Assiut University, Egypt. The
study aimed to evaluate the effects of different
planting methods and foliar applications of
zinc oxide nanoparticles (ZnO NPs) on the
productivity and oil quality of sunflower
(Helianthus annuus L.) cultivar Giza 102. The
physical and chemical characteristics of the
experimental soil are presented in Table 1

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

season 2020 2021
Mechanical analysis (%)

Sand 27.40 27.80
Silt 23.60 23.20
Clay 49.00 49.00
Soil type Clay Clay
Chemical analysis: 7.75 7.70
pH 1.90 1.80
Organic matter % Total N%  0.08 0.09

The soil in both seasons was classified as clay,
with a stable texture and slightly alkaline pH.
Organic matter and nitrogen content showed
minimal variation between the seasons,
indicating consistent fertility  conditions
throughout the study.

The experiment followed a randomized
complete block design (RCBD) in a strip-plot
arrangement with three replications. The main
plots are assigned to three planting methods:
planting on beds (120 cm wide), on ridges, and
in hills using a flat-drill system. The subplots
received six concentrations of ZnO NP applied
as foliar sprays: 0 (control), 50, 100, 150, 200,
and 250 ppm. Each plot measured 3.5 m x 3.0

m (10.5 m?). Sunflower seeds of the cultivar
Giza 102 were obtained from the oil Crops
Department, Agricultural Research Center
(ARC), Egypt, were manually sown in 60 cm
spaced rows. Sowing dates were June 25
(2020) and June 26 (2021). Foliar applications
were carried out 30 days after sowing, using a
back sprayer at a rate of 0.5 liters per plot. The
ZnO nanoparticles (3040 nm, 99% purity)
were purchased from Sigma-Aldrich (Saint
Louis, MO, USA) and prepared by dissolving
the appropriate quantity (50-250 mg) in one
liter of distilled water per treatment. Weed
control was performed using pre-emergence
herbicide (Amex 48%, containing N-sec-butyl-
4-tert-butyl-2,6-dinitroaniline). The field had
previously been cultivated with wheat during
the preceding winter season. All other
agronomic  practices recommended  for
sunflower cultivation were uniformly applied.

Measured Traits:
1- Growth and Physiological Parameters:
a. Leaf Area Index:

The leaf area of each plant (cm2) was
calculated at the end of the growing season
using a device Area meter AM350.

LAI may be described most simply as: LAl =s
/ G where s is the functional (green) leaf area
of the canopy per ground area G as described
by/1Williams (1946).

b. Leaf Area Duration (LAD) in m* week™.

The Leaf Area Duration (LAD)
indicates the importance and continuity of the
leaf surface area, performing its function,
during the growth period of the crop as
described by Hunt (1982).

(LA2+LAq) X(T,—Ty)
2

LAD =

(LA1): - The area of the leaf surface of the plant in
the first period of time (T1).
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(LA2): - The area of the leaf surface of the plant in
the second time period (T2).

c. Total chlorophyll using SPAD apparatus at 60
days after planting.

Total chlorophyll (mg/m?): Total chlorophyll (Chl.
"a + b) was determined in sunflower leaves at 60
days after planting by Chlorophyll Meter SPAD-
502 Plus reported by Dash et al. (2007).

SPAD calibration equations:

y =0.118 x> + 0.919 x + 7.925 = mg/m?/1Where, y
represents chlorophyll concentration in mg/m?, X
represents SPAD value.

d. Net Assimilation Rat (NAR) in g m? week!:

The net Assimilation rat (NAR), based on leaf
area, is defined as the amount of increase in dry
matter, per unit area of leaf surface, per unit time,
and is estimated from the following equation
described by Watson (1958).

Wo —W;
LA;—LA,

loge LA;—loge LAy
=Ty

NAR =

(W1): - Total dry weight of the plant in the first
period of time (T1). 45 days after planting, the
samples taken in a random way were dried at a
temperature of 70 OC until the weight was stable.

(W2): - Total dry weight of the plant in the second
time period (T2). 60 days after planting, the
samples taken in a random way were dried at a
temperature of 70 OC until the weight was stable.

(LA1): - The area of the leaf surface of the plant in
the first period of time (T1).

(LA2): - The area of the leaf surface of the plant in
the second time period (T2).

Log . = logarithme népérien = 2.303xlog10.
e. Crop Growth Rate (CGR) in m? of land day™.

Calculated as:/ICGR = NAR x LAI/1by Williams
(1946).

f. Relative Growth Rate (RGR) in g day™': -

The relative rate of growth is defined as the
increase in the dry matter of the plant in a period of
time in relation to the weight at the beginning of
this period, and it is calculated from the following
equation. as decided by Grime and Hunt (1975).

Relative Growth Rate (RGR)= W

2711

(W1) = The total weight of the plant at the
beginning of the period (T1). 45 days after
planting, the samples taken in a random way were
dried at a temperature of 70 OC until the weight
was stable. (W2) = Total dry weight of the plant in
the second time period (T2). 60 days after planting,
the samples taken in a random way were dried at a
temperature of 70 OC until the weight was stable.

Log . = logarithme népérien = 2.303xlog)o .
2-Fatty acids composition:

Sunflower seeds were manually cleaned of all
foreign matter and broken seeds. Husked seeds
were then subjected to fatty acid analysis:

Preparation of Fatty Acid Methyl Esters (FAMEs):

Fatty acid methyl esters were synthesized using a
mixture of 5 mL of 3% sulfuric acid in absolute
methanol and 2 mL of benzene, following the
method of Rossel & Phil (1983). This facilitated
the conversion of fatty acids into methyl esters
suitable for gas chromatography.

Gas Chromatographic Analysis:

FAMEs were analyzed using a Perkin-Elmer gas
chromatograph (Model F22) equipped with a flame
ionization detector (FID). Nitrogen was used as the
carrier gas. The chromatographic separation was
performed on a 3-meter-long glass column (3 mm
internal diameter) packed with diethylene glycol
succinate (DEGS) supported on Chromocarb W
(80—100 mesh).

*Column oven temperature: 190°C to 230°C

(ramped at 4°C/min)
eInjector and detector temperatures: 220°C

*Gas flow rates:

32



https://ajabs.journals.ekb.eg/

Hamed et al., 2025

https://ajabs.journals.ekb.eg/

Nitrogen and hydrogen: 30 mL/min
*Air: 300 mL/min
*Chart recorder speed: 1 cm/min

Fatty acids were identified by comparing the
retention times of sample peaks with those of
authentic FAME standards. Relative concentrations
were quantified based on peak areas using an
electronic integrator.

Statistical analysis:

All collected data were subjected to analysis of
variance (ANOVA) using the SAS Statistical
Software Package version 9.2 (SAS, 2008).
Mean comparisons were conducted using the
revised least significant difference (R-LSD)
test at a 5% significance level (Gomez &
Gomez, 1984). Since the variances between
the two seasons were not homogeneous, a
combined analysis was not performed.

Results and discussions

A. Leaf Area Index (LAI):

The Leaf Area Index (LAI) is a critical
indicator of canopy efficiency in intercepting
light and utilizing water, making it a reliable
measure of plant growth and vigour. It often
reflects the effectiveness of agronomic
practices such as fertilization and irrigation and
planting techniques. LAI is influenced
by/lcanopy structure, which in turn is affected
by is influenced by cultivar characteristics,
environmental conditions, and field
management. As illustrated in. Figures 1A and
1B planting methods had significant effect on
LAI with ridge planting achieving the highest
LAI values of 3.49 and 3.61 in 2020 and 2021,
respectively. While flat drilling resulted in the
lowest 2.71 and 3.09. The superior
performance of ridge planting may be
attributed to better plant spacing, enhanced
aeration, and optimal root and shoot
development, while flat planting likely caused
waterlogging and reduced leaf expansion.

Foliar application of ZnO nanoparticles
also significantly influenced LAI. The 200-
ppm treatment recorded the highest LAI
values, 3.56 and 3.61 in 2021 and 2021,
respectively, likely due to improved leaf
formation and expansion and enhanced
physiological processes. These findings align
with previous studies by Al-Doori (2014),
Ashraf et al. (2014), and Abou-Bakr et al.
(2019). A significant interaction was also
observed between planting method and ZnO
concentration. Ridge planting combined with
200 ppm ZnO in 2020 and 250 ppm in 2021
yielded the highest LAI values (4.41 and 4.56,
respectively).

Figures 1A Leaf area index
(LAI) 2020

5 4.41
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Figures 1B Leaf area index

(LAI) 2021
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yielded the highest LAD (48.70 days), whereas
season 2020 2021 in 2021, ridge planting with 250 ppm ZnO
produced the greatest LAD (61.38 days). These

Test (F) R.LSD  Test/I(F) ~R.LSD  Test results highlight the synergistic benefits of

and 0.05 0.05 (F) optimal planting configuration and zinc
A 0.19 * 0.29 ok nutrition in sustaining leaf activity and
maximizing photosynthetic efficiency. The
B 050 * 0.64 * enhanced LAD observed in ridge planting
systems 1is likely due to better aeration and
A*B 0.76 ok 0.70 wox

elevation, which reduce moisture stress and

o o improve metabolic efficiency. These results are
* and ** indicate significance at the 5% and consistent with findings reported by Al-Doori (2014).

1% levels of probability, respectively.
B. Leaf Area Duration (days):

Leaf Area Duration (LAD) represents the Figures 2A leaf area duration
persistence and functional effectiveness of the 2020
leaf surface throughout the crop’s growth
cycle. It is a key physiological parameter that 60

reflects the plant’s ability to maintain 50 “8a
photosynthetically active foliage over time, ,, 34.336.47
thereby contributing to biomass accumulation 27.99

and yield. As shown in Figures 2A and 2B, *°

LAD was significantly influenced by planting 20

methods in both 2020 and 2021. Ridge planting 19 | |

resulted in the highest LAD values, 36.47 days 0

in 2020 and 49.34 days in 2021. These results control 50 100 150 200 250 Mean

may be attributed to more favorable growth ppm  ppm ppm ppm ppm
conditions, including improved soil aeration,
moisture distribution, and nutrient uptake
efficiency associated with ridge planting.

M Beds M Ridges Drill on flat Mean (Zn O

Foliar application of ZnO nanoparticles also . .
had a highly significant effect (P < 0.01) on Figures 2B. leaf area duration

LAD in both seasons. The 250 ppm ZnO 2021
treatment recorded the highest LAD values—
34.36 days in 2020 and 50.21 days in 2021—  7° 61.38
while the untreated control exhibited the lowest 60 0.249 34
values (27.99 and 40.23 days, respectively). 50 :
The enhanced LAD under ZnO application —, ~ J§?
may be explained by zinc’s role in promoting
antioxidant activity, delaying leaf senescence,  3°
and maintaining chloroplast structure and 20
function, which collectively extend the
productive lifespan of leaves. 0

A highly significant interaction was Control 50 100 150 200 250 Mean
observed between planting methods and ZnO ppPm  ppm  ppm  ppm  ppm

NP concentration during both seasons. In 2020,

R . . . HBeds M Ridges Drill on flat Mean (Zn O
ridge planting combined with 100 ppm ZnO
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season 2020 2021
Test (F) R.LSD Test/1(F) R.LSD Test
and LSD 0.05 0.05 F)
A 2.70 ok 3.28 *E
B 3.00 *x 2.52 *
A*B 3.78 ok 5.03 *E

*and ** indicate significance at the 5% and
1% levels of probability, respectively.

C. Total Chlorophyll content (mg m?):

Accurate measurement of leaf pigments,

particularly chlorophyll, is essential for
assessing plant stress, fertilizer effects, and
overall vegetative growth, especially in

agricultural systems where yield depends on
plant health. Chlorophyll plays a central role in
photosynthesis by capturing sunlight and
converting it into energy, making it a key
determinant of crop productivity.

The data in Figures 3A and 3B show that
planting methods had a highly significant effect
(P <0.01) on total chlorophyll content in both
2020 and 2021 seasons. Ridge planting resulted
in the highest chlorophyll concentrations
(359.94 and 409.66 mg m™=2 respectively),
likely due to improved environmental
conditions favoring optimal growth.

Zinc oxide nanoparticles (ZnO NPs)
treatments  also  significantly  influenced
chlorophyll levels. In 2020, the highest
chlorophyll content (356.72 mg m™?) was
recorded with 100 ppm ZnO, whereas in 2021,
150 ppm ZnO led to the maximum value
(353.3 mg m™?). The increase is attributed to
zinc’s role as a structural and catalytic
component in pigment biosynthesis enzymes

(Balashouri and Prameeladevi, 1995).

The interaction between planting methods
and ZnO concentration was significant in both
seasons. Sunflowers grown on ridges and
sprayed with 250 ppm ZnO in 2020 or 150

ppm in 2021 exhibited the highest chlorophyll
content (425.95 and 480.80 mg m?3

respectively). This improvement is likely due to the
combined effect of better nutrient uptake in ridges and
zinc’s involvement in chlorophyll synthesis. These
results agree with previous findings by Al-Doori (2014).

Figures 3A total chlorophyll
2020

450 425.95

400
350
30
25
20 |

0
6‘

15
(JO

356.72
359.94

o O O O
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5

o O

Q Q e
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Q Q Q Q Q

W Beds MRidges Drill on flat Mean (Zn O

Figures 3B total chlorophyll

2021
600
500 480.795
409.66
400
300
200
100
0
‘\. Q Q &
N Q Q Q Q Q
o Q Q Q O 0
S N O
B Beds M Ridges Drill on flat Mean (Zn O
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season 2020 2021
Test R.  Test/1(F) R.LSD 0.05 Test
(F) LSD (F)
and 0.05
LSD
A 19.37 ** 7.95 **
B 20.90 *ok 28.26 *
A*B  32.83 Hok 30.16 **

D. Net Assimilation Rate (NAR).

Figures 4A and 4B present the effects of
planting methods, zinc oxide nanoparticle
(ZnO NPs) concentrations, and their interaction
on the net assimilation rate (NAR) of
sunflower during the 2020 and 2021 seasons.
Planting method significantly influenced NAR,
with bed planting producing the highest mean
values (34.53 and 26.39 g/m?week in 2020 and
2021, respectively), outperforming both ridge
and flat drill methods. This improvement is
likely due to better aeration and reduced
flooding in bed planting, enhancing nutrient
uptake and photosynthesis, consistent with
findings by Gillett et al. (2001).

ZnO NP treatments also showed highly
significant effects on NAR. Foliar application
at 150 ppm yielded the highest NAR values
(36.18 and 27.31 g/m?*/week), followed by 200
ppm and 100 ppm treatments. The lowest NAR
was observed at 250 ppm ZnO, suggesting
excessive zinc may inhibit growth. Zinc’s
essential role in enzymatic processes and
chlorophyll synthesis likely explains these
results, aligning with Faizan ez al. (2018).

The interaction between planting methods
and ZnO concentration was highly significant.
In 2020, ridge planting combined with 150
ppm ZnO gave the highest NAR (51.89
g/m*week), while in 2021, bed planting with
the same ZnO concentration produced the peak
NAR (37.03 g/m?week). These outcomes
reflect the combined benefits of improved root

environment in ridges or beds and zinc’s role in
photosynthesis and enzyme activity.

Figures 4A and 4B. Average net
assimilation rate (g/m*week) of sunflower
influenced by planting methods, zinc oxide
nanoparticle  concentrations, and  their
interaction during the 2020 and 2021 growing
seasons.

Figures 4A net assimilation

rate 2020
60
51.89
50
40 34,53
30
20
. ‘ ‘
0
Control 50 250 Mean
ppm  ppm  ppm ppm ppm
W Beds M Ridges Drill on flat Mean (Zn O
Figures 4B net assimilation
rate 2021
40 37.03
35
30 27.31 26.39
25
20
15
10
5
0
Control 50 250 Mean
ppm  ppm  ppm ppm ppm
H Beds M Ridges Drill on flat Mean (Zn O
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season 2020 2021
Test (F) R.LSD  Test/1(F) R.LSD Test
and LSD 0.05 0.05 (F)
A 6.32 ok 1.22 ok
B 3.71 *ok 1.38 ok
A*B 6.20 *ox 2.10 *ok

* and ** indicate significance at the 5% and 1% levels of

probability, respectively.

E- Crop Growth Rate (CGR) (grams dry
matter/m? of land/day):

The data presented in Figures 5SA and 5B
illustrate the effects of planting methods, nano-
zinc oxide (ZnO NPs) concentrations, and their

interaction on the crop growth rate (CGR) of

sunflower during the 2020 and 2021 growing
seasons. The results clearly indicate that
planting methods had a significant effect (P <
0.05) on CGR in both seasons, with planting on
beds producing the highest average growth
rates of 104.68 and 88.84 g/m*/day for the first
and second seasons, respectively. This increase
in growth rate can be attributed to the
advantages of bed planting, which raises the
plants above the soil surface, improving
aeration, root ventilation, and access to water
and nutrients. Consequently, these conditions
promote a higher net assimilation rate (as
shown in Figures 4A and 4B), leading to
enhanced crop growth.

Furthermore, the data reveals that different
concentrations of nano-zinc oxide had a highly
significant effect (P < 0.01) on CGR in both
seasons. Foliar application of nano-ZnO at 150

ppm resulted in the highest crop growth rates of

116.21 and 99.33 g/m?*/day in 2020 and 2021,
respectively. This was followed by applications
of 50 ppm (106.89 and 87.62 g/m?/day) and 100
ppm (99.01 and 80.11 g/m?%*day). In contrast,
the lowest CGR values were recorded in control
plants without ZnO NPs treatment, with
averages of 72.17 and 72.69 g/m?/day. The
superiority of nano-zinc oxide treatments over

control is likely due to the essential role of zinc
as a micronutrient involved in many enzymatic
processes,
elongation, as well as
photosynthesis, thereby boosting growth rate.

division and
enhancing

promoting  cell

Regarding the interaction between planting
methods and nano-ZnO concentrations, the
data in Figures 5A and 5B demonstrate a
highly significant interaction effect (P < 0.01)
on CGR in both seasons. Specifically, in 2020,
the combination of planting on ridges and
foliar application of 50 ppm nano-ZnO
produced the highest growth rate of 143.46
g/m*day. In 2021, planting on beds combined
with 150 ppm nano-ZnO foliar spray resulted
in the highest CGR value of 144.69 g/m*day.
This enhanced growth can be explained by the
synergy between the favorable environmental
conditions created by ridge or bed planting—
which improve root aeration, nutrient uptake,
and water availability—and the beneficial
physiological effects of zinc on enzymatic
activity and photosynthesis. These combined
factors optimize plant growth compared to
planting on flat soil, where plants are more
exposed to waterlogging and nutrient leaching,
limiting growth.

Figures 5A crop growth rate
2020

160
143.46

140 104.68

106.89 116.21

120 99.01

100
8 72.17
6
4
2
0
S & &S

o

o

o

o

o

Q Q Q <
Q Q Q Q Q Q Q
O Q Q Q Q Q
H Beds Ridges Drill on flat Mean (Zn O
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Figures 5B crop growth rate
2021

160 144.69
140

120
72.69

99.33
100
80
6
4
2
0

Q
Q Q Q @
Q Q
N ,f>

88.84

o O O

&
<\ Q Q
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Y
B Beds M Ridges Drill on flat Mean (Zn O
season 2020 2021
Test (F) R. Test/1(F) R. Test
and LSD LSD LSD F
0.05 0.05
R.LSD 9.89 * 10.11 *
0.05
(PM) 7.48 *k 11.36 *k
ZnO NPs 14.93 *ok 16.56 *ok

F. Relative Growth Rate (RGR) in g/day:

The data in Figures 6A and 6 B reveal
that planting methods significantly (P < 0.05)
influenced the relative growth rate (RGR) of
sunflower in both growing seasons.
Sunflowers grown on beds exhibited the
highest RGR values, measuring 0.73 and 0.70
g/day in 2020 and 2021, respectively. This
increase is likely due to improved aeration
and nutrient uptake, as bed planting elevates
plants above the soil surface, optimizing light
capture and photosynthetic activity, which in
turn enhances dry matter accumulation.

Nano-zinc oxide (ZnO NPs) treatments also
showed a highly significant effect (P < 0.01)
on RGR during both seasons. Foliar
application of 150 ppm ZnO NPs produced the

greatest increase in growth rate, with averages
of 0.77 and 0.72 g/day in 2020 and 2021,
respectively. Lower concentrations (50 and
200 ppm) resulted in moderate increases, while
the lowest RGR was observed at 250 ppm in
the first season and 100 ppm in the second.
The beneficial effect of zinc at optimal
concentrations can be attributed to its role in
promoting cell division and elongation, thus
supporting biomass accumulation.

Furthermore, the interaction between
planting methods and ZnO NPs concentrations
was highly significant (P < 0.01) in both
seasons. Specifically, sunflowers planted on
beds and treated with 100 ppm ZnO NPs in the
first season or 150 ppm in the second exhibited
the highest RGR values of 0.86 and 0.89
g/day, respectively. This synergy likely results
from the combined advantages of improved
growing conditions on beds and the
physiological benefits of zinc in enhancing
photosynthesis and enzymatic activities,
ultimately boosting cell growth and relative
growth rate. These findings align with
previous research by Grime & Hunt (1982).

Figures 6A relative growth rate

2020

1
0.9 0.86
0.8 0.73
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Control 50 250 Mean

ppm  ppm ppm ppm ppm

B Beds M Ridges Drill on flat Mean (Zn O
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Figures 6B relative growth
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2. Fatty acid composition of sunflower oil.

The fatty acid composition of seed oils
varies widely among different plant species.
Unsaturated fatty acids (USFAS) have
favourable effect and positive health benefit
than saturated fatty acid (SFAS) (Petersen et
al., 2024).

The results for the fatty acids identification
and estimation in sunflower kernel meal oil
(g/100g oil) after treated by =zinc oxide
nanoparticles are reported in Tables 2 and 3.
From these results it could be noticed that the
major fatty acids were oleic and linoleic make
up more than 90 % of the total fatty acids in oil
samples. The oleic acid content was ranging
from 41.23 to 50.26 for the method of beds
cultivation, with the observation of an increase
in oleic acid as the concentrations of zinc oxide

increased, where the highest concentration i.e.
250 ppm in the first season. The oleic acid
content was ranging from 24.15 to 36.58 in the
second season. So, oleic content was increased
because of foliar spray by ZnO in treated
samples when compared with control one. The
linoleic acid content was found in highest
values ranging from 40.55 to 52.26% mg/100g
in the first season and 42.26 to 64.64%
mg/100g in the second season. Palmitic and
stearic as a saturated acids were found in
lowest contents with range of 5.09: 6.01 and
3.52: 6.70%, respectively, (Table 2 and 3).

From the recorded results it could be
noticed that the saturated fatty acid content
decreased from 9.28% in the method of
cultivation of beds to 8.59, 8.94 and 8.36% in
the method of cultivation of beds which was
sprayed by ZnO NPs at 50, 200 and 250 ppm,
respectively in the first season. More aver, in
the second season the satiated fatty acid
content decreased from 12.13 % in the method
of cultivation of beds to 8.95,10.37, 9.38,
9.81and 8.5% in the method of cultivation of
beds with ZnO NPs at 50, 100, 150 ,200, and
250 ppm respectively. While the total
unsaturated fatty acid content increased from
90.68% in the method of cultivation of beds to
91.32 ,91.41, and 90.91% ZnO NPs at 50, 200
and 250 ppm in the first season, respectively.
While the total unsaturated fatty acid content
increased from 74.74% in The method of
cultivation bed of beds to 87.83 ,89.23, 87.98
,90.42 and 91.08 % with sprayed by ZnO NPs
at 50, 100,150 ,200 and 250 ppm the second
season, respectively
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Table 2. Fatty acid composition of oil samples as affected by planting methods and Zinc oxide nanoparticles concentrations in 2020 season.

Fatty Relative concentration (%)
acids
A A A A A A B B B B |B B C C C C Cc | C
control | S0PPM | 100 150 200 | 250 control | 50 100 150 | 200 250 control | 50 100 | 150 200 | 250
(C14:0) -—-- -—-- -—-- 054 | - |- 0.32 044 | --- | - 0.31 -—-- -—-- el
(C16:0) 6.01 542 5.53 5,61 |539 517 |5.49 523 | 5.58 |546| 6.00 5.64 5.65 558 |5.09 | 583 |523|545
(C18:0) 2.68 2.74 2.92 245 1293|350 |3.11 326 | 3.13 |3.24|3.27 3.33 3.34 328 291 |3.41 |3.41]2.85
c20:00 | - 0.20 - 0.68 |0.26 | 027 | 0.23 028 | --- - 10.28 0.31 0.26 028 |0.23 | 0.26 | 0.25]0.25
Total Satu- rated | 8.69 8.36 8.45 928 |8.59 | 894 |9.15 921 |8.69 |87 |9.55 9.59 9.25 9.14 |823 |95 8.89] 8.55
fatty acids
(C14:1) - - - 031 | - |- - el - | - | -
(c16:1) | - 0.19 -—-- 0.14 |0.17 | 0.10 | 0.12 0.11 | --—-- 0.19( 0.17 0.34 0.13 032 |- 1051 |0.10/0.16
(C18:1) 41.29 41.23 42.45 | 40.67 | 46.22| 50.26 | 46.56 46.37 | 42.79 | 46.4| 38.01 | 46.04 | 44.70 4436 | 47.71| 40.81 | 46.11 41.13
(C18:2) 50.02 49.90 48.23 | 49.62 | 45.02| 40.55 | 44.17 43.71 | 48.14 | 44.7( 52.26 | 42.96 | 45.67 46.18 | 44.07| 48.74 | 44.64 50.00
Total unsated- rat 91.31 91.32 90.68 | 90.74 | 91.41| 90.91 | 90.85 90.19 | 90.93 | 91.24 90.44 | 89.34 | 90.5 90.86 | 91.78| 90.06 | 90.9¢ 91.29
fatty acids

Myristic acid (C14:0), Myristoleic acid (C14:1), Palmitic acid (C16:0), Palmitoleic acid (C16:1),, Stearic acid (C18:0), Oleic acid (C18:1),
Linoleic acid (C18:2), Arachidic acid (C20:0) *** (A :- Beds

B:-

Ridge

C:- Drill on flat)
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Table 3. Fatty acid composition of oil samples as affected by planting methods and Zinc oxide nanoparticles concentrations in 2021

season.

Fatty Relative concentration (%)
acids

A A A A A A B B B B |B B C C C C C C

control | 50PPM | 100 150 200 | 250 control | 50 100 150 | 200 250 control | 50 100 | 150 200 | 250
(C14:0) 1.37 0.57 0.15 0.29 0.19 | 0.16 0.39 0.22 0.42 0.16 | 0.19 0.26 0.26 1.7 0.54 | 0.13 0.18 | 0.14
(C16:0) 6.70 5.09 6.29 5.44 5.1 5.1 6.01 5.08 5.27 5.89 | 5.79 5.39 4.90 4.23 3.52 | 5.07 6.52 | 4.97
(C18:0) 2.07 2.24 3.05 3.86 2.89 | 2.73 2.85 3.12 2.21 3.26 | 2.60 2.64 3.55 2.16 213 | 3.25 427 1299
(C20:0) 1.99 1.05 0.88 0.22 1.20 | 0.51 1.13 0.88 0.87 1.18 | 1.25 1.27 0.77 1.59 1.79 | 1.012 | 0.81 | 1.29
Total Satu- rated | 12.13 8.95 10.37 10.82 | 9.38 | 8.5 10.38 9.3 8.77 10.49 9.83 9.56 9.48 9.68 7.98 | 9.46 11.15 9.39
fatty acids
(C14:1) 0.87 0.53 0.13 0.29 0.11 | 0.11 0.29 0.1 0.43 0.11 1 0.18 0.23 0.23 0.44 0.44 | 0.11 - 0.13
(C16:1) 1.80 0.62 0.31 0.25 0.32 | 0.25 0.45 0.34 0.74 0.15] 0.38 0.58 0.31 1.01 .78 0.23 0.50 | 0.32
(C18:1) 29.81 28.41 24.15 32.31 | 31.31] 30.51 | 27.23 32 30.71 | 28.04 26.46 24.70 34.47 36.58 | 36.45| 30.73 | 29.84 | 30.83
(C18:2) 42.26 58.27 64.64 55.13 | 58.68 | 60.21 | 57.87 57.61 | 56.15 | 60.52 62.74 64.31 54.94 48.68 | 52.41 | 58.31 | 57.15| 58.64
Total unsated- rat| 74.74 87.83 89.23 87.98 |90.42| 91.08 | 85.84 90.05 | 88.03 | 88.84 89.76 89.82 89.95 86.71 | 90.08 | 89.38 | 87.49 | 89.92
fatty acids

41



https://ajabs.journals.ekb.eg/

Hamed et al., 2025

https://ajabs.journals.ekb.eg/

Conclusion

Based on the results of this study, it is
recommended to cultivate sunflowers on beds
and apply foliar sprays of zinc oxide
nanoparticles at a concentration of 150 ppm.
This combination significantly enhances
growth rate and net assimilation. Furthermore,
ZnO nanoparticle treatments within the range
of 150-250 ppm improves oil quality by
increasing the proportion of unsaturated fatty
acids while reducing saturated fatty acids,
thereby promoting the production of
nutritionally healthier sunflower oil.

Declaration of competing interest

The authors declare that they have no known
competing financial interests or personal
relationships that could have influenced the
work reported in this paper.

References

Abdel-Hamid Ali Abdel-Mawla, E. S,
Mahmoud, A. M; Abou-Bakr, A. S;
Hassan, M. A. (2019). Response of two
sunflower cultivars to foliar spray by

different zinc oxide nanoparticles
concentrations.  Assiut  Journal  of
Agricultural Sciences, 50(3), 16-26.

https://doi.org/10.21608/ajas.2019.52641

Al-Doori, S. A. (2014). Effect of Different
Levels and Timing of Zinc Foliar
Application on Growth, Yield and Quality
of Sunflower Genotypes (Helianthus
annuus L., Compositae. College Of Basic
Education Research Journal, 13(1), 907-
922.
https://iasj.rdd.edu.ig/journals/uploads/20
24/12/19/52e5556848d592aa3¢c69bbb50e
a86162.pdf

Ashraf, M. Y, Igbal, N, Ashraf, M, Akhter, J.
(2014). Modulation of physiological and

biochemical metabolites in salt stressed
rice by foliar application of zinc. Journal
of Plant Nutrition, 37(3), 447-457.
https://www.tandfonline.com/doi/abs/10.1
080/01904167.2013.864309?utm_source
=chatgpt.com

Aswaq Financial Co. Analysis Report (2018).
On the Strategic Commodities Market in
Egypt (24/1/2019). Provided by Engineer
Attia Shaaban, Consultant for Extraction
and Refining of Edible Oils; Vice-
President of Oils and Oils By-Products
Division; Chamber of Food Industry;
Federation of Egyptian Industryl5-25.
https://graintrade.com.ua/en/holding/aswa
q-financial-co-1d7350

Balashouri, P, Prameeladevi, Y. (1995). Effect
of zinc on germination, growth and
pigment content and phytomass of Vigna
radiata and Sorghum bicolor. Journal of
Ecobiology,7(2),109-
114./1DOI:10.1016/j.arabjc.2013.07.005

Dash, J, Curran, P. J, Tallis, M. J, Llewellyn,
G. M, Taylor, G, Snoeij, P. (2007). The
relationship  between the  MERIS
terrestrial ~ chlorophyll  index  and
chlorophyll content. In Second ENVISAT
Symposium, Europian Space Agency.
Noordwijk, ESA, SP-636 (CD-Rom).

FAO(2019).FAOstat:http://www.fao.org/faosta

t/en.

Faizan, M, Faraz, A, Yusuf, M, Khan, S. T,
Hayat, S. (2018). Zinc  oxide
nanoparticle-mediated changes n

photosynthetic efficiency and antioxidant
system of tomato plants. Photosynthetica,
56,678-686. DOI: 10.1007/s11099-017-
0717-0

Gillett, A. G., Crout, N. M. J., Absalom, J. P,,
Wright, S. M., Young, S. D., Howard, B.
J., Voigt, G. (2001). Temporal and spatial

42



https://ajabs.journals.ekb.eg/
https://doi.org/10.21608/ajas.2019.52641

Hamed et al., 2025

https://ajabs.journals.ekb.eg/

prediction of radiocaesium transfer to
food products. Radiation and
environmental biophysics,40,227-235.
https://doi.org/10.1007/s004110100107

Grime, J. P, Hunt, R., (1975). Relative
growth-rate: its range and adaptive
significance in a local flora. The Journal
of Ecology,8(5),393-422.
https://doi.org/10.2307/2258728

Ch, G., Ntalli, N., Menkissoglu-Spiroudi, U.,
Dendrinou-Samara, C. (2019). Essential
metal-based nanoparticles (copper/iron
NPs) as potent nematocidal agents against
Meloidogyne spp. Journal of
Nanotechnology Research, 1(2), 44-58.
DOI: 10.26502/fjnr.004

Gomez, K.A. and Gomez, A.A. (1984).
Statistical Procedures for Agricultural
Research. 2nd Edn., John Wily and Sons,
NewYork,5(9):68-75.
https://search.worldcat.org/en/title/31814
4414

Hunt, R. (1982). Plant Growth Analysis (Vol.
4). Institute of Terrestrial Ecology,60-85.

Holm, P. B., Kristiansen, K. N., Pedersen, H.
B. (2002). Transgenic approaches in
commonly consumed cereals to improve
iron and zinc content and bioavailability.
The Journal of nutrition, 132(3), 514S-
5168S.
https://do1.org/10.1093/jn/132.3.514S

Khalifa, F. M (1984). Effects of spacing on
growth and yield of sunflower under two

systems of dry farming in Sudan. J. Of

Agri.Sci., 103(2):213-222.
doi:10.1017/S0021859600043471
Kolen¢ik, M., Ernst, D., Urik, M., Duri$ova,
L., Bujdo$, M., Sebesta, M., Kratosova, G.
(2020). Foliar application of low
concentrations of titanium dioxide and

zinc oxide nanoparticles to the common
sunflower under field conditions.
Nanomaterials, 10(8),1619.
https://doi.org/10.3390/nano10081619

Meenakshi, G; Raja, K.; Renugadevi, J.; M.
Karthikeyan (2020). Inorganic metal
oxide nanoparticles seed invigoration for
extended storability of  sunflower
(Helianthus  annus) under ambient
environment. Journal of Pharmacognosy
and Phytochemistry,9(6):1302-1306.
https://dx.doi.org/10.22271/phyto

Nasrullah H.M, Cheema M.S., M. Akhtar
(2009). Efficiency of different dry sowing
methods to enhance wheat yield under
cotton-wheat cropping system. Intl.
Conference on Sustainable Food Grain
Production-Challenges and Opportunities.

Oct. 26-27, Univ. Agric. Faisalabad.
Pakistan. p-66-72.
https://www.researchgate.net/publication/
267412513.

Palmer, C. M., Guerinot, M. L. (2009). Facing
the challenges of Cu, Fe and Zn
homeostasis in plants. Nature chemical
biology,5(5),333-340.
https://doi.org/10.1038/nchembio.166

Pandey, A. C., Sanjay, S. S.,Yadav, S.R.
(2010). Application of ZnO nanoparticles
in influencing the growth rate of Cicer
arietinum. Journal of Experimental
nanoscience,5(6),488-497.
https://doi.org/10.1080/17458081003649
648

Petersen, K. S., Maki, K. C., Calder, P. C.,
Belury, M. A., Messina, M., Kirkpatrick,
C. F., Harris, W. S. (2024). Perspective on
the health effects of unsaturated fatty
acids and commonly consumed plant oils
high in unsaturated fat. British Journal of
Nutrition, 1-12.

43



https://ajabs.journals.ekb.eg/
https://doi.org/10.1007/s004110100107
https://search.worldcat.org/en/title/318144414
https://search.worldcat.org/en/title/318144414

Hamed et al., 2025

https://ajabs.journals.ekb.eg/

doi:10.1017/S0007114524002459

Pereyra-Irujo, G. A., Izquierdo, N. G., Covi,
M., Nolasco, S. M., Quiroz,
F.,Aguirrezébal, L. A. (2009). Variability
in sunflower oil quality for biodiesel
production: a simulation study. Biomass
andBioenergy,33(3),459-468.
https://doi.org/10.1016/j.biombioe.2008.0
7.007

Prasad, R., Bhattacharyya, A., Nguyen, Q. D.
(2017). Nanotechnology in sustainable

agriculture: recent developments,
challenges, and perspectives. Frontiers in
microbiology,8,1014.

do1:10.3389/fmicb.2017.01014

Rehman, H. U., Aziz, T., Farooq, M., Wakeel,
A., Rengel, Z. (2012). Zinc nutrition in
rice production systems: a review. Plant
andsoil,361,203-226.
DOI10.1007/s11104-012-1346-9

Sadak, M. S., Bakry, B. A. (2020). Zinc-oxide
and nano ZnO oxide effects on growth,
some biochemical aspects, yield quantity,
and quality of flax (Linum uitatissimum
L.) in absence and presence of compost
under sandy soil. Bulletin of the National
Research Centre, 44, 1-12.
https://doi.org/10.1186/s42269-020-
00348-2

SAS institute (2008). The SAS System for
Windows, release 9.2. Cary NC. SAS
Institute. 15-25

Shahhoseini, R., Azizi, M., Asili, ],
Moshtaghi, N., Samiei, L. (2020). Effects
of zinc oxide nanoelicitors on yield,
secondary metabolites, zinc and iron
absorption of Feverfew (Tanacetum
parthenium (L.) Schultz Bip.). Acta
physiologiae  plantarum, 42, 1-18.
https://doi.org/10.1007/s11738-020-
03043-x

Skori¢, D., Joci¢, S. Saka¢, Z.Leti¢, N.
(2008). Genetic possibilities for altering
sunflower oil quality to obtain novel oils.
Canadian Journal of Physiology and
Pharmacology,86(4),215-221.
https://doi.org/10.1139/Y08-008

Said, M. T., Mohamed Noaman, H. (2021).
Effect of foliar spraying time by different
micronutrients nanoparticles on
sunflower yield and its attributes. Assiut
Journal of Agricultural Sciences, 52(3),
22-35.

DOI: 10.21608/ajas.2021.95041.1044

Watson, D. J. (1958). The dependence of net
assimilation rate on leaf-area index.
Annals  of Botany, 22(1), 37-54.
https://doi.org/10.1093/oxfordjournals.ao
b.a083596

Williams, R. F. (1946). The physiology of
plant growth with special reference to the
concept of net assimilation rate. Annals of
Botany, 10(37),41-72.
https://www.jstor.org/stable/42906966

Pérez Velasco, E. A., Betancourt Galindo, R.,
Valdez Aguilar, L. A., Gonzalez Fuentes,
J. A., Puente Urbina, B. A., Lozano
Morales, S. A.,Sanchez Valdés, S. (2020).
Effects of the morphology, surface
modification and application methods of
ZnO-NPs on the growth and biomass of
tomato plants. Molecules, 25(6), 1282.
https://doi.org/10.3390/molecules250612
82

44



https://ajabs.journals.ekb.eg/
https://doi.org/10.1007/s11738-020-03043-x
https://doi.org/10.1007/s11738-020-03043-x

