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Carthamus tinctorius L. response to nano-silicon foliar treatment under
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Carthamus tinctorius L. response to nano-silicon foliar treat-
ment under organic and inorganic fertilizer application

Abstract: This research was studied the impacts of usage of
nano-silicon in combination with various fertilizer treatments
on the yield and its components of safflower. The trial evaluated
the application of 0.0- and 20-mM nano-silicon in conjunc-
tion with different fertilizer treatments, including a control,
90 kg ha' NPK, and organic fertilizer at rates of 15 and 30 t
ha. Principal components approach revealed that the first two
components of the treatment by trait biplot explained 66 % and
22 % of the variability, respectively. Positive correlations were
observed among straw yield, achene yield, and harvest index,
as well as among capitula number per plant, seed per subsidiary
capitulum, and the number of the highest capitula. The polygon
indicated that the NPK with 20 mM nano-silicon resulted in
superior yield, whereas using 30 t ha’ organic fertilizer with
20 mM nano-silicon exhibited enhanced yield components.
Plant height emerged as the most representative trait, with high
discrimination potential. Treatment with 30 t ha’ organic fer-
tilizer, combined with both 0.0- and 20-mM nano-silicon, was
identified as the optimal treatments for discriminating among
traits. The NPK plus 20 Mm nano-silicon and 30 t ha' organic
manure was the best treatments.
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Odziv zafranike (Carthamus tinctorius L.) na folioarno doda-
janje nano-silicija pri razli¢ni uporabi organskih in anorgan-
skih gnojil

Izvle¢ek: Namen raziskave je bil preuciti vpliv uporabe
nano silicija v kombinaciji z razli¢nimi nacini gnojenja na
pridelek in njegove komponenete pri zafraniki. V poskusu so
bili ovrednoteni uporaba nano silicija v odmerkih 0,0- in 20-
mM v povezavi z razlicnimi rezimi gnojenja, ki so vsebovali
kontrolo, 90 kg ha”’ NPK in organska gnojila v odmerkih 15
in 30 t ha'. Ovrednotenje z glavnimi komponentami je od-
krilo, da sta prvi komponeneti pri obravnavi lastnosti v bi-
plotu razlozili 66 % in 22 % variabilnosti. Pozitivne kore-
lacije so bile ugotovljene med pridelkom slame, pridelkom
rozk in zetvenim indeksom kot tudi med $tevilom stranskih
poganjkov na rastlino, semen na stranskih koskih in $tevilom
in 20 mM nano-silicija dalo najboljsi pridelek medtem, ko je
uporaba 30 t ha' organskega gnojila z 20 mM nano-silicija
pospesila komponente pridelka. Visina rastlin se je izkazala
kot najbolj reprezentativna lastnost z velikim potencialom
razlo¢evanja. Obravnava s 30 t ha' organskega gnojila, v
kombinaciji z 0,0- ali 20-mM nano-silicija je bila prepoznana
kot optimalno obravnavanje za prepoznavanje razlik med lat-
nostmi. Obravnavanje z NPK in 20 Mm nano-silicijaon ter 30
t ha' organskega gnojila se je izkazalo kot najboljse.

Klju¢ne besede: gnojilo, organsko gnojilo, NPK, nano-si-
licij
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1 INTRODUCTION

Safflower (Carthamus tinctorius L.) is a member of
the Asteraceae and has its origins in southwest Asia. It
is cultivated for multiple purposes such as vegetable oil
production, forage, and medicinal applications. Safflower
demonstrates the potential for acceptable yields, particu-
larly in regions conducive to the growth of winter cere-
als, highlighting its versatility and underexplored possi-
bilities (Shahrokhnia and Sepaskhah, 2017). Currently,
global production estimates stand at approximately one
million metric tons of safflower achenes, harvested from
an area covering 1,200,000 ha, with a mean yield per-
formance of around 830 kg ha' (FAOSTAT, 2022). In
semi-arid regions, water availability is the primary re-
stricting factor for crop cultivation, restricting the range
of crops that can be grown successfully. Safflower, how-
ever, exhibits resilience to water scarcity due to its effi-
cient deep root system and numerous fine lateral roots.
This characteristic enables safflower to endure periods of
moisture deficiency, a trait that sets it apart from many
other crops whose performance are severely impacted by
abiotic stresses like drought (Hussain et al., 2016). Saf-
flower holds promise not only for seed production but
also as a valuable forage crop in dryland cropping sys-
tems with limited water resources. Optimal forage qual-
ity is attained during the vegetative growth period when
the plant has low pricks, rendering it palatable to farm
animals. In such areas, the green plant of safflower can be
used for feeding, contributing to livestock nutrition and
overall farm productivity.

Nutrients application has a pivotal role in address-
ing the global imperative to enhance production and
fulfill the dietary needs of an expanding population.
The use of fertilizers in agriculture has a substantial ef-
fect on crop productivity as it influences traits such as
phenological characteristics and root properties, which
subsequently impacts physiological processes like water
absorption and transpiration. (Farooq et al., 2019). How-
ever, the rates of nutrients are used vary across various
environmental conditions, a variability driven by climax
changes, crop types, and cropping systems. In rainfed ag-
riculture, nutrients application is notably shaped by pre-
cipitation levels and the availability of soil moisture. In
semi-arid regions, controlling the negative effects of ter-
minal drought needs optimizing soil’s capacity to capture
and retain precipitation, thus it maximizes water storage
for next utilization, and facilitate root penetration and
proliferation (Zia et al., 2021). The widespread adoption
of intensive chemical fertilizer application traces back to
the Green Revolution, primarily aimed at meeting the
nutrient demands of high-yielding crop varieties. De-
spite their advantages, chemical fertilizers are not with-
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out drawbacks. These include a heightened risk of leach-
ing, substantial energy consumption during production,
potential exposure to toxic chemicals, promotion of ex-
cessive growth, and depletion of soil moisture reserves.

Organic manure represents a viable option for field
crop fertilization (Das and Avasthe, 2018). Its applica-
tion can substantially enhance soil properties, leading
to reduced reliance on mineral fertilizers, improved or-
ganically equilibrium, and enhanced soil moisture re-
tention and efficiency of water usage. The application
of organic fertilizers is particularly crucial in semi-arid
regions of Iran, where soils are frequently subjected to
intensive tillage, resulting in low organic matter content
and weak structural stability (Sabaghnia and Janmoham-
madi, 2024). Moreover, the common practice of remov-
ing straw for animal feed further underscores the signifi-
cance of organic fertilizer application (Lal et al., 2020).
Organic manure has been shown to provide essential
macronutrients and micronutrients necessary for plant
growth, while also maintaining nutrients and promoting
different aspects of fertility characteristic of soil.

Nanoparticles represent a burgeoning field of re-
search with promising applications, particularly in agri-
culture, as materials for the new millennium. They inter-
change with corps, inducing various changes contingent
upon their unique characteristics. Among these nano-
particles, nano-silicon has garnered significant attention
in recent years which is abundant element in soils (Souri
et al., 2021). However, the effectiveness of nano-silicon
may vary among different crops or under diverse envi-
ronment and climatic conditions. Despite its potential,
very little research has been done to evaluate the effects
of nano silicon application on safflower in semi-arid re-
gions. Thus, this research aimed to create new insights
into the effectiveness of nano-silicon on the safflower un-
der different fertilizer management treatments.

2  MATERIALS AND METHODS

For this research, a field trial was conducted at Mara-
gheh, Iran (37°23'N 46°14, situated in an upland semi-
arid region. The soil is characterized as sandy loam, with
a particle size distribution showing a decreasing order of
sand, silt, and clay. Soil pH was measured at 7.5, with EC
0f0.51 dS m™. Organic matter content was approximately
2 g kg and nitrogen at 0.06 % while phosphorus was at
5.7 mg kg and potassium was at 34 mg kg™'. The experi-
mental design employed a factorial arrangement with
split-plot layout, following a randomized block scheme
with three replications. Fertilizer treatments were applied
to the main plots: control (Con), 90 kg ha' conventional
fertilizer (nitrogen, phosphorus, and potassium, NPK),
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15 t ha! organic manure (OM15), and 30 t ha! organic
manure (OM30). Nano-silicon (SiO,) treatments were
applied in foliar form at 0.0 Mm (NO) and 20 Mm (N20).
Field preparation included plowing and disking in the
autumn season, followed by manual sowing of the Esfa-
han variety on April 14". Each plot measured 4.0 m in
length and 3.0 m in width, comprising 12 rows spaced
0.25 m apart. Plots were rainfed and supported with
supplementary irrigated practices during the seed-filling
step. Organic fertilizer as cow manure was mixed in a
uniform position to a depth of 15 cm, while NPK fertil-
izer was surface-applied after field preparation.

For the measurement of yield components and mor-
phological traits, 10 random samples were chosen from
each unit, and the following parameters were assessed:
plant height (PH), the highest branch (HB), the high-
est capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary ca-
pitulum (SPC), seed per subsidiary capitulum (SSC), and
capitulum seed mass (CSM). Central rows of plots were
manually harvested from late June to early July, with
straw yield (SY) and achene yield (AY) measured, and
harvest index (HI) calculated. Thousand-achene mass
(TAM) was measured from three random subsamples.
Principal component analysis using a treatment by trait
(TT) interaction layout was conducted, and the biplot
model was generated via the GGEbiplot application (Yan,

2019).

3 RESULTS AND DISCUSSION

The T'T biplot elucidated 66 % to 22 % of the varia-
tion within the standardized data two-way dataset (Fig.
1), showing a relatively substantial proportion that un-
derscores the directness of associations among the traits.
However, to glean the basic structures among the traits
visually, vectors are generated from the graph origin to
the traits, facilitating the visualization of trait associa-
tions. Given that the T'T biplot model captured a consid-
erable magnitude of variability (about 88 %), the associa-
tions between two traits are estimated by the cosine of
their vectors, with cos0°= +1, c0s90°= 0, and cos180°= "
(Sabaghnia and Janmohammadi, 2023). The extensive
variability depicted by the TT biplot model emanated
from all measured traits, evident from the elongated vec-
tors (Fig. 1). Prominent associations unveiled include:
(i) positive associations among straw yield (SY), achene
yield (AY), and harvest index (HI); positive associations
among capitula number per plant (CNP), seed per sub-
sidiary capitulum (SSC), and the highest capitula (HC);
and positive associations among capitulum’s seed mass
(CSM), thousand-achene mass (TAM), capitula per sub-

sidiary branch (CSB), and seed per primary capitulum
(SPC), as depicted by acute angles. Additionally, relatively
near-zero associations were observed among SY, AY, and
HI with CSM, TAW, CSB, and SPC, as evidenced by the
near-perpendicular vectors (Fig. 1). Thus, the TT biplot
model visually delineated trait associations in safflower,
aligning with findings from other researchers such as Jan-
mohammadi et al. (2016), who reported a positively as-
sociation between straw yield, achene yield, and harvest
index of safflower. Similarly, Fattahi et al. (2023) noted
high positive associations between capitulum’s seed mass
and thousand-achene mass, as well as between capitula
per subsidiary branch and seed per primary capitulum.
However, exact parallels should not be expected between
these results and correlation coefficients because the TT
biplot model explicates associations among traits based
on the general structure of the data, whereas Pearson’s
linear simple coeflicients solely elucidate the association

between two traits.
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Fig. 1: Ranking entries (treatment combinations) based on
testers (traits).

Treatment combinations are: control plus 0.0 Mm nano-silicon
(Con-N0), control plus 20 Mm nano-silicon (Con-N20), 90 kg
ha! NPK fertilizer plus 0.0 Mm nano-silicon (Chem-N0), 90 kg
ha! NPK fertilizer plus 20 Mm nano-silicon (Chem-N20), 15 t
ha™ organic manure plus 0.0 Mm nano-silicon (OM15-NO0), 15
t ha' organic manure plus 20 Mm nano-silicon (OM15-N20),
30 t ha'! organic manure plus 0.0 Mm nano-silicon (OM30-
NO), and 30 t ha' organic manure plus 20 Mm nano-silicon
(OM30-N20).

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW), straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAW).
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Fig. 2 demonstrates how the TT biplot model can
facilitate the comparison of treatment combinations
based on the measured traits and identify those combi-
nations that excel in specific aspects, thus serving as can-
didates for ideal fertilization practices recommended to
safflower farmers. For instance, comparing Chem-N20
(NPK chemical fertilizer plus 20 Mm nano-silicon) and
OM30-N20 (30 t ha! organic manure plus 20 Mm nano-
silicon) revealed that Chem-N20 exhibited superior yield
performance (AY), whereas OM30-N20 excelled in yield
components such as CSB, CNP, SPC, SSC, and TAM (Fig.
2). Additionally, Chem-N20 showed the highest values
for plant height (PH) and highest branch (HB), while
OM30-N20, followed by OM30-NO (30 t ha organic ma-
nure plus 0 Mm nano-silicon), demonstrated high levels
of the highest capitula (HC) and capitulum’s seed mass
(CSM).

Although, the TT biplot model may not precisely
depict the averages of traits for treatment combinations,
as it does not encompass all variance of the dataset, it pro-
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Fig. 2: Which entry (treatment combinations) wins which tester
(trait).

Treatment combinations are: control plus 0.0 Mm nano-silicon
(Con-NO0), control plus 20 Mm nano-silicon (Con-N20), 90 kg
ha! NPK fertilizer plus 0.0 Mm nano-silicon (Chem-N0), 90 kg
ha! NPK fertilizer plus 20 Mm nano-silicon (Chem-N20), 15 t
ha™ organic manure plus 0.0 Mm nano-silicon (OM15-NO0), 15
t ha' organic manure plus 20 Mm nano-silicon (OM15-N20),
30 t ha' organic manure plus 0.0 Mm nano-silicon (OM30-
NO), and 30 t ha' organic manure plus 20 Mm nano-silicon
(OM30-N20).

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW), straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAM).
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vides insights into the underlying properties of the data
structure. The polygon of the TT biplot model delineated
four sections, with the remaining treatment combina-
tions, such as Con-NO (control plus 0 Mm nano-silicon)
and OM15-N20 (15 t ha' organic manure plus 20 Mm
nano-silicon), not performing optimally for any of the
measured traits. Likewise, Con-N20 (control plus 20 Mm
nano-silicon), Chem-NO (NPK chemical fertilizer plus 0
Mm nano-silicon), and OM15-N0 (15 t ha! organic ma-
nure plus 0 Mm nano-silicon) were situated in unfavor-
able sectors or undesirable positions within favorable
sectors, rendering them unsuitable candidates for advis-
ing to safflower farmers as proper fertilization practices.
According to the TT biplot model (88 % in current case),
if it adequately estimates the dataset, treatment combina-
tions falling on the same section of the vertical line as AY
should perform above the mean, whereas those on the

opposite side should perform below the mean.

Fig. 3 illustrates the representative and discrimina-
tion potential of the traits, with vector length serving as
a scale of discrimination potential, where a longer vec-
tor indicates a greater potential for discriminating a trait.
Additionally, the stretch of a trait’s projection onto the
mean trait coordinate signifies its representative poten-
tial, with a shorter distance indicating a higher potential
for representation of a trait. Notably, plant height (PH)
exhibited the highest potential for both representative
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Fig. 3: Ranking testers (traits) based on discriminative and rep-
resentativeness potentials.

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW), straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAW).
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and discrimination capabilities, positioned at the ideal

trait location (Fig. 3).

Following PH, traits such as CSB, CNP, HC, SSC,
and HB also demonstrated strong representative and dis-
crimination potentials. Traits CSM, TAM, CSB, and SPC,
as well as SY, AY, and HI, exhibited good discrimina-
tion potential, as they were positioned far from the plot
center, but their representative capabilities of the trait’s
mean were limited due to their long projection onto the
mean trait coordinate. In the future studies of saftlower,
using these identified traits as good indices will be useful
for detection differences among treatments. In Fig. 4, the
center of the circles denotes the location of an ideal treat-
ment combination, with its projection on the vertical axis
of the mean trait coordinate set to be equivalent to the
largest vector among all treatment combinations. This
projection on the horizontal axis of the mean trait coor-
dinate is zero, indicating low variability and higher reli-
ability. Thus, the closer a treatment combination’s inter-
val to this hypothetical treatment, the more optimal the
treatment is. Consequently, OM30-N0 and OM30-N20,
followed by Chem-N20, were the closest to the position
of the ideal treatment combination. Conversely, the re-
maining treatment combinations, including OM15-NO,
OM15-N20, Chem-NO, and Chem-NO, did not exhibit
significant differences, while other treatment combina-
tions were inferior (Fig. 4). Consequently, OM30-NO,
OM30-N20, and Chem-N20 treatment combinations
were capable of discriminating the differences among the
measured traits of safflower.

Inspecting the performance of Chem-N20 for the
measured traits of safflower (Fig. 5) revealed that straw
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Fig. 4: Ranking entries (treatment combinations) based on test-
ers (traits).

yield (SY), achene yield (AY), and harvest index (HI)
were proximate to this treatment combination. Therefore,
for achieving high achene yield in safflower, the recom-
mendation is to utilize 90 kg ha' conventional chemical
fertilizer (nitrogen, phosphorus, and potassium or NPK)
along with foliar application of 20 Mm nano-silicon. The
observed enhancement in safflower yield performance
with the use of NPK aligns with the reports of Sampaio
et al. (2016), who found favorable yield outcomes with
nitrogen, phosphorus, and potassium application in saf-

flower cultivation.

However, the specific NPK requirements for saf-
flower may vary depending on soil conditions, farming
practices, cultivar selection, crop growth stage, and en-
vironmental factors. Additionally, the potential for high
saftlower yields is closely linked to the soil’s phosphorus
and potassium levels, Although, drought conditions can
hinder their uptake and translocation in the crop due to
reduced transpiration rates (Silva et al., 2022). Usage of
nano-silicon in foliar form has shown to increase crop
growth and performance by boosting the reaction of an-
tioxidants and improving the yield of the photosynthetic
system. In the research of Seyed-Sharifi et al. (2024), the
application of nano-silicon under water-limited condi-
tions led to increased safflower seed yield by augmenting
total chlorophyll content and enhancing the antioxidant
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Fig. 5: Ranking traits based on the target entry (Chem-N20); 90
kg ha? NPK fertilizer plus 20 Mm nano-silicon.

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW), straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAW).

Acta agriculturae Slovenica, 120/4 - 2024

5



N. SABAGHNIA et al.

enzymes functions and compatible osmolytes like pro-
line and soluble sugars.

Similarly, analyzing the performance of OMS30-
N20 for the measured traits of safflower (Fig. 6) revealed
that most yield components (CNP, SPC, SSC, CSM, and
TAM), as well as the highest capitula (HC), were in close
proximity to this treatment combination. Therefore, for
achieving a high number of seeds and heavier seeds in
safflower, the recommendation is to apply 30 t ha! organ-
ic fertilizer along with foliar usage of 20 Mm nano-sili-
con. The utilization of organic fertilizer has shown to en-
hance the yield components of safflower, is in accordance
with the findings of Sudhakar et al. (2020), who found
a remarkable enhance in yield performance of safflower
due to the positive impacts of organic fertilizer. These
impacts are attributed to the delivery of nutrients by or-
ganic fertilizer, which provides the required energy for
microorganisms and aids in the degradation of organic
matter, serving as an additional energy source for field
microflora. Furthermore, Karchedu et al. (2023) demon-
strated that usage of nano-silicon in foliar form in rice
resulted in increased yield performance and zinc content.
Silicon plays a significant role in improving rice quality
by providing essential macronutrients, such as nitrogen,

thereby contributing to enhanced yield outcomes.

Upon examining the achene yield (AY) across the
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Fig. 6: Ranking traits based on the target entry (OM30-N20); 30
t ha! organic manure plus 20 Mm nano-silicon.

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW, straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAW).
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studied treatment combinations, it was evident that
only Chem-N20 (NPK chemical fertilizer plus 20 Mm
nano-silicon) demonstrated high levels of achene yield,
while all other treatment combinations fell below aver-
age for this trait (Fig. 7). Moreover, utilizing AY as the
reference for evaluating the other measured traits (Fig.
8) reaffirmed the significance of straw yield and harvest
index. Among the other traits, the order of importance
for AY was as following list: the highest branch (HB) >
plant height (PH) > capitula per subsidiary branch (CSB)
> capitula number per plant (CNP) > the highest capitula
(HC) > seed per subsidiary capitulum (SSC) > seed per
primary capitulum (SPC) > capitulum’s seed mass (CSM)
> thousand-achene mass (TAM), indicating the relatively
low importance of thousand-achene mass for safflower.
Nanomaterials represent a novel approach to improving
productivity by improving the efficiency of nutrient use
and facilitating slow release of nutrients, thereby reduc-
ing the risk of overuse of growth stimulants and fertiliz-
ers (Kumar et al. 2023). Such nano-materials not only
improve yield performance but also decrease farming
costs, thereby playing a significant role in sustainable
agriculture (Usman et al., 2020). Consistent with previ-
ous research, our findings demonstrate that nano-silicon
application enhances crop production, with foliar ap-
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Fig. 7: Ranking treatment combinations based on the target
tester AY (achene yield).

Treatment combinations are: control plus 0.0 Mm nano-silicon
(Con-NO0), control plus 20 Mm nano-silicon (Con-N20), 90 kg
ha' NPK fertilizer plus 0.0 Mm nano-silicon (Chem-NO0), 90 kg
ha' NPK fertilizer plus 20 Mm nano-silicon (Chem-N20), 15 t
ha™ organic manure plus 0.0 Mm nano-silicon (OM15-NO0), 15
t ha’ organic manure plus 20 Mm nano-silicon (OM15-N20),
30 t ha'! organic manure plus 0.0 Mm nano-silicon (OM30-
NO), and 30 t ha' organic manure plus 20 Mm nano-silicon
(OM30-N20).
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Fig. 8: Ranking traits based on the target tester AY (achene
yield).

Traits are: plant height (PH), the highest branch (HB), the
highest capitula (HC), capitula per subsidiary branch (CSB),
capitula number per plant (CNP), seed per primary capitulum
(SPC), seed per subsidiary capitulum (SSC), capitulum’s seed
mass (CSW), straw yield (SY), achene yield (AY), harvest index
(HI), and thousand achene mass (TAW).

NO), 15 t ha'! organic manure plus 20 Mm nano-silicon (OM15-
N20), 30 t ha' organic manure plus 0.0 Mm nano-silicon
(OM30-N0), and 30 t ha! organic manure plus 20 Mm nano-
silicon (OM30-N20).

plication of nano-silicon in conjunction with chemical
NPK fertilizer or organic fertilizer leading to increased
safflower productivity. However, using nano-silicon and
chemical fertilizers in minimal amounts presents an en-
vironmentally friendly option, promoting low-cost pro-
duction within a sustainable agriculture system, and may

be advisable for many farmers.

The release of nano-silicon into crops should be
carefully managed to ensure effectiveness. Simultane-
ous use of nano-silicon and chemical NPK fertilizers has
been shown to enhance yield performance in potato (Ha
et al,, 2019) and rice (Elekhtyar and Al-Hugqail, 2023).
Nanotechnology is increasingly becoming commonplace
in crop production, as the use of nano-materials not
only reduces fertilizer usage but also decreases produc-
tion costs. Application of nano-silicon has demonstrated
positive effects in crops under environmental stresses
(Namjoyan et al., 2020; Hajihashemi and Kazemi, 2022).
Despite the benefits of nanotechnology, it has major im-
portance to acknowledge the potential risks related with
its use in crop production. Some scientists are actively
working to evaluate these risks to ensure safe and re-
sponsible usage in agriculture. However, challenges such
as high evaluation costs, public environmental concerns,

and human health risks remain major obstacles in this
field. In other word, it is important to recognize the po-
tential risks associated with the use of nanotechnology in
agriculture, despite its many benefits, so some agrono-
mists are assessing these risks to guarantee the biologic
safety of these technologies in crop sciences. The agri-
cultural field still faces significant barriers, including ex-
pensive evaluation and public worries about the environ-
ment, and potential risks to human health. Therefore, it is
imperative to establish international standards to moni-
tor this field before widespread public release and com-
mercial usage.

4 CONCLUSION

The optimal fertilizer treatment for maximizing
saftlower yield was found to be the usage of 90 kg ha™
NPK (nitrogen, phosphorus, and potassium) fertilizer,
coupled with foliar application of 20 Mm nano-silicon.
Conversely, for achieving high yields of safflower com-
ponents, the most effective fertilizer treatment was the
usage of 30 t ha'! organic manure combined with 20 Mm
nano-silicon foliar application. Understanding these nu-
ances will contribute to optimizing crop yield and quality
across various agricultural settings.
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