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ARTICLE INFO ABSTRACT

Keywords: Potassium is an important macro-fertilizer for plant growth but can be lost from the soil after

Alli“m_cepa ) application via irrigation. Slow-release nano-fertilizers can achieve sustainable crop cultivation

(P;Otasi;“m nanoparticles and production, so this study evaluated the influence of potassium nanoparticles (K-NPs) with
TOW!

Yield various concentrations (0, 50, 100, and 200 mg/1) on onion development, production, pigments,

Biochemical contents chemical content, and DNA fingerprint during two sequential agriculture seasons in 2021 and

DNA 2022 at a private farm in Zagazig, Sharkia Governorate, Egypt. Spraying onion plants with K-NPs
(200 mg/1) significantly improved the vegetative characteristics of onion plant growth and pro-
duction, as well as increasing the plant pigments and the content of carbohydrate, oil, total
indole, and phosphorus in onion bulbs. Similarly, 50 mg/1 of K-NPs considerably increased the
content of nitrogen, potassium, protein, antioxidant activity, and phenols in the onion bulbs. The
content of total flavonoids and anthocyanin was increased with 100 mg/1 of K-NPs. In conclusion,
the foliar application of K-NPs improves the onion plant yield and quality and can achieve
agricultural sustainability.

1. Introduction

The onion belongs to the Alliaceae family and is cultivated worldwide as an important food crop. It is used for its distinctive relish
or potential to improve the relish of different foods [1]. It also consists of medical and veracity-reinforcing flavonoids, fructooligo-
saccharides, anthocyanins, organic sulfur components, and vitamins [2,3], as well as quercetin, a prominent and significant antiox-
idant in cancer treatment [4,5]. These and other combinations confer onion its healing properties.

Fertilizers are typically used in food production to increase crop yield but can have detrimental ecological effects, so an alternative
is the utilization of nano-fertilizers [6-8] which can boost absorption capacity by ~19 % compared to traditional fertilizers [9].
Nano-fertilizers promote plant development and production [10,11], and are easily transported into cells due to their small size where
they impact various metabolic and physiological processes [12]. Nano-fertilizers reduce the amount of fertilizer applied and envi-
ronmental pollution and ameliorate the bioavailability of plant nutrients [13-16]. Additionally, foliar spraying of micro and mac-
ronutrients is favorable for the rapid uptake of the nutrients required by the plant for growth [17,18].

Potassium nanoparticles (K-NPs) improve plant growth and production because potassium enhances nutrient transport,
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photosynthesis, protein composition, water poise, and enzymatic activity within the plant [19]. It is necessary for sugar translocation
and carbohydrate production thus the onion plant must have appropriate quantities and provenance of potassium during the stringent
growth stages to maintain development and quality [3,20]. Additionally, the onion plant has intensive roots and a prolonged growing
time, thus it requires twice as much fertilizers and essential elements as much as other vegetable crops [4]. Furthermore, potassium
promotes the volume of Allium cepa L. and root development [1]. Abd El-Aziz et al. [21] reported that potassium carboxylate
application based on cellulose nano-fibers as a nano foliar fertilizer increased onion production and enhanced the content of nutrients,
photosynthetic pigments, protein, phenols, indoles, total soluble solid, lignin and cellulose. Ali et al. [22] also found that the foliar
spraying of nano NPK at a rate of 6 L/fedaan on onion plant cv Giza 6 gave the best values of plant length and production, while the
maximum values of total exportable bulbs were gained using 75 % mineral fertilization and splattering with NPK nanoparticles at a
rate of 6 L/fedaan. Therefore, potassium is imperative for onion yield and quality [23].

Considering the importance of the Relative Afferent Pupillary Defect (RAPD) and Inter Simple Sequence Repeat (ISSR) markers for
the study of genetic diversity in plants [24-26]. Usually, DNA markers are used to differentiate diverse populations and genetic dif-
ferences. For example, ISSR primers were used to illustrate the relationship and similarity among different sunflower cultivars,
showing that primers HB-13 and HB-15 displayed the maximum polymorphism [27]. In addition, DNA markers can also be used to
study the effect of the applied compounds on a molecular basis [28]. ISSR molecular markers were used to determine the molecular
changes due to the application of the proline or glycine betaine on Cicer arietinum [29] and chemical mutagenesis by NaN3 in Olea
europaea 1 [30]. Furthermore, gene expression is affected by nano-fertilizers. Ghosh et al. [31] observed that high concentrations of
ZnO-NPs increase chromosome aberrations in Allium cepa and cause DNA strand breaks. Also, higher application of P-NPs in sweetcorn
[32], Ag-NPs in the tomato [33], and ZnO-NPs in the broad bean plant [34] affect the Genomic Template Stability percentage (GTS%).

Since potassium is an important nutrient for high-quality onion plants, this paper aims to produce potassium in nanoform for
application to onion plants and investigate its effects on onion production in comparison with conventional fertilizer to achieve
sustainable agriculture.

2. Material and methods
2.1. Materials

Citric acid, potassium nitrate (KNOg), and ferric nitrate (Fe (NO3)3.5H20) were obtained from Sigma Aldrich. Ethanol and ethylene
glycol were obtained from S.D. Fine-Chem, India. Calcium superphosphate (15.5 % P205), ammonium sulfate (20.6 % N), and agri-
cultural sulfur were purchased from Al-Nasr Company, Egypt.

2.2. Preparation of potassium ferrite nanoparticles (K-NPs)

The synthesis of K-NPs was performed by the sol-gel method [35]. Briefly, potassium nitrate solution (1 M) and ferric nitrate
solution (2 M) were mixed after that citric acid solution (2 M) and 5 ml of ethylene glycol were added. The previous solution was
heated at 80 + 5 °C under constantly magnetically stirring till a very viscous brown gel was obtained. On further heating, the gel was
completely converted to a brown-colored powder. The powder was cleaned from unreacted materials using ethanol and distilled water
and then dried overnight at 60 °C in a vacuum oven. The powder was calcined at 550 °C for 2 h, yielding K-NPs as the final product.

2.3. Characterization

The morphological characters of K-NPs were demonstrated by using a transmission electron microscope (TEM; model JEM-1230,
Japan) that was operated at 120 kV, with a maximum magnification of 600 x 10 and a resolution of 0.2 nm. The XRD patterns were
carried out on a Diano X-ray diffractometer using a CoKa radiation source energized at 45 kV and a Philips X-ray diffractometer (PW
1930 generator, PW. 1820 goniometer) with CuK radiation source (A = 0.15418 nm). The average particle size distribution of K-NPs
was determined by using a particle size analyzer (Nano-ZS, Malvern Instruments Ltd., UK).

Table 1
Characteristics of the empirical soil in Sharqia governorate, Egypt (Collective data of two seasons).

Physical characteristics

Texture Clay Silt Sand EC (ds/m) pH
(%)

Clay 56.2 32.3 11.6 0.46 7.49

Chemical characteristics

Cations (meq/1) Anions (meq/1)

Ca Mg Na SO4 CL HCO3

2.19 0.68 1.15 3.36 1.18 1.40

Macronutrient Micronutrient (mg/kg)

N (meq/1) P (mg/1) K (mg/1) Zn Fe Mn

47.2 26.5 386 1.16 5.9 0.30
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2.4. Experiment layout

Onion seeds (Allium cepa L. cv. Giza red) were gained from the Onion Research Department, Agricultural Research Center, Ministry
of Agricultural and Land Reclamation, Egypt. The onion seeds were planted on 2nd October and the acquired seedlings were acquired
on 2nd December during two seasons (2021 and 2022). The plants are planted on plots (4 m long x 80 cm wide) divided into 3 rows/
ridges, the distance between the plants is 10 cm. The trial work was conducted in clay soil at a private farm in Zagazig, Sharkia
Governorate, Egypt (latitude 30° 57’ 65" N, longitude 31° 50' 41" E, and altitude of 16 m above sea level). The physical and chemical
characteristics of the studied soil (Table 1) were tested according to Cottenie et al. [36]. Organic manures (47.6 m3/ha) were sup-
plemented during the soil elaboration with calcium superphosphate (714 kg/ha) and agricultural sulfur (119 kg/ha). Ammonium
sulfate (285.6 kg/ha) was introduced twice after one and two months from sowing.

2.5. Experiment design

Two potassium sources (KNO3 and K-NPs) were used at concentrations of 0, 50, 100, and 200 mg/l. After 30 and 60 days from
planting, different sources of K were applied twice as a foliar application on onion plants. The experiment was arranged as a split-plot
scheme with three repetitions. Main plots settled the types of K however the concentrations of K were ordered systemically in the sub-
plots.

2.6. Vegetative growth standards

Five onion plants from each replicate from every treatment were randomly taken at the vegetative stage after 70 days from planting
to estimate the vegetative growth as follows: plant length, number of leaves, the diameter of bulb and neck, as well as the fresh and dry
weight of the plant. The plants were harvested after 150 days from planting to predestine the bulb length, the diameter of the bulb and
neck, fresh and dry weight of the bulb, and yield of the bulb (t/ha).

2.7. Chemical contents

2.7.1. Photosynthetic pigments

Photosynthetic pigments were estimated from fresh onion leaves that were gathered after 70 days of agriculture in 80 % acetone
according to Lichtenthaler and Wellburn [37]. The condensations of chlorophyll a (Chl. a), chlorophyll b (Chl. b), and carotenoid
(Cart.) were gauged against a blank (80 % acetone) by UV/VIS spectrophotometer (TG 80, Germany) at 663, 644, and 452 nm,
consecutively Metzner et al. [38]. The pigment content was evaluated as (pg/ml) and calculated by the equations glimpsed by Jiang
et al. [39]. The content of chlorophyll and carotenoids was calculated based on mg/g fresh weight of the leaves of the plants.

2.7.2. Biochemical contents

The samples of fresh onion bulbs were dehydrated at 60 °C in the oven till fixed weight and then ground for analysis. Total car-
bohydrates were estimated according to Dubois et al. [40]. Protein content was measured by the Kjeldahl method N x 6.25 [41]. The
oil percentage was assessed by using the Soxhlet device that corresponded with the method mentioned in AOAC [42], and antioxidant
activity was determined utilizing the 2,2-Diphenyl-2-picrylhydrazyl (DPPH) method as described by Brand-Williams et al. [43] and
calculated as pmol Trolox per g dry weight. Total phenols were evaluated by UV/VIS spectrophotometer according to Diaz and Martin
[44], gallic acid (GA) was utilized as the standard for analyzing total phenols as mg GA similar per gram of dried weight (mg GA/g
DW). Total flavonoids were appreciated using the method reported by Chang and Wen [45], total flavonoids were evaluated as mg
quercetin equivalent per gram of dry weight tissue (mg QCE/g DW). Total indoles were determined by Glickman and Dessaux [46], and
the content of indoles was stated as mg Indole 3-acetic acids equal per gram of dry weight (mg IAA/g DW). The content of anthocyanin
was spectrophotometrically analyzed according to Gallik [47]. The anthocyanin content was expressed as mg cyanidin chloride
equivalent per gram of dry weight tissue (mg CYE/g DW).

2.7.3. Minerals assessment
Dried bulb samples were pulverized and digested using HySO4—H204. The focus of phosphorus and potassium was evaluated by
spectrophotometer, while nitrogen was gauged by the Kjeldahl method [41,48].

Table 2
ISSR primers and their sequences used in this study.
Primer Code Primer Sequence
1 14 A (CT)s TG
2 44 A (CT)g AC
3 HB 12 (CAQC); GC
4 HB 14 (CTC); GC
5 HB 15 (GTG)3 GC
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2.8. Extraction of DNA and PCR

From young leaves of treated Allium plants, DNA was isolated using the modified CTAB method [49]. A total of 10 ISSR primers
were tried, but 5 ISSR primers with positive results Table 2 were used in this study to determine the molecular differences or variations
between treated Allium cepa plants. Moreover, the primers were chosen after initial screening of more than 10 different primers, based
on the production of distinct and reproducible bands in PCR reactions. To perform PCR-based analysis, the Polymerase chain reaction
(PCR) was carried out within 15 pl reaction volumes. containing 1 pl plant genomic DNA, 7.5 pL Master Mix (Gene Direx one PCRTM),
1 pL template DNA, and 1 pL primer.

PCR was programmed as: an initial denaturation at 94 °C for 5 min, 35 cycles each of 94 °C for 1 min, 37 °C for 1 min, 72 °C for 2
min, and a final extension at 72 °C for 10 min. Amplification products were electrophoresed on 1.5 % agarose in 1 x TAE buffer. Then
gel was stained with ethidium bromide and documented using a gel documentation system.

The amplified DNA amplicons using the ISSR-marker were classified as absent (—) or present (+). Initially, the total number of
bands (TB), polymorphic bands (PB), and percentage polymorphism (PPB) were calculated. Polymorphism percentage (PB%) was
calculated according to equation (Eq. 1):

UB + PB

= O
PB% Total bands (Eq- 1)

Where: UB is the number of unique bands and PB is the number of polymorphic bands.

2.9. Statistical analysis

The acquired data were imputed for statistical analysis of variance and resolved for significant variations using LSD by performing a
5 % level of differentiation steps according to Snedecor and Cochran [50].
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Fig. 1. TEM image (A), particle size distribution (B), and XRD partum (C) of K-NPs.
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3. Results
3.1. Potassium ferrite nanoparticles (K-NPs) characterization

The K-NPs morphological structure in Fig. 1a shows that the nanoparticles are symmetric spheres less than 100 nm in size, with an
average particle size of 78 nm (Fig. 1b). Fig. 1c presents the K-NPs XRD diffraction pattern with peaks visible at 20 equal 30.4°, 35.7°,
43.5°, 54°, and 57.4°, respectively, corresponding to the crystal planes (1 3 1), (220), (11 7), (23 6) and (3 2 4), which shows that K-
NPs were properly formed.

3.2. Vegetative growth

The onion plants sprayed with K-NPs data displayed significantly superior vegetative growth characteristics such as plant length
(70.0 and 67.7 cm), number of leaves (7.9 and 7.4), diameter of bulb (2.58 and 2.49 cm) and neck (1.73 and 1.72 c¢m), and fresh (87.1
and 80.8 g/plant) and dry plant weight (8.2 and 7.7 g/plant) compared to KNO3 during the planting seasons 2021 and 2022 (Table 3).

Data recorded in Table 3 showed obviously that different concentrations augmented significantly vegetative growth characteristics
of onion plants. The highest concentration of K-NPs (200 mg/1) improved plant length (73.1 and 69.7 cm), number of leaves (8.3 and
7.7), diameter of bulb (2.80 and 2.2.61 cm) and neck (1.90 and 1.87 cm), and fresh (94.9 and 88.0 g/plant) and dry weight (9.8 and
8.9 g/plant), during two consecutive seasons 2021 and 2022.

The interaction between K-type and its concentrations had a significant impact on the vegetative growth of the onion plant as
shown in Table 3, through sequential seasons 2021 and 2022. The best plant length (73.1 and 70.6 cm), number of leaves (8.3 and 7.7),
the diameter of bulb (2.93 and 2.79 cm) and neck (2.03 and 2.00 cm), and fresh (105.7 and 95.4 g/plant) and dry weight (9.8 and 8.9
g/plant) of onion plants was achieved with plants sprayed by K-NPs at a concentration of 200 mg/1 compared with other treatments,
during two successive seasons 2021 and 2022.

Table 3
Effect of KNO3, KFeO,-NPs, their concentrations and their interaction on vegetative growth characteristics of onion plants during two seasons 2021
and 2022.

Treatments Concentrations Plant length (cm) No. of leaves Diameter (cm) Plant weight (g)
(mg/1) /Plant Bulb Neck Fresh Dry
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
KNO3 0 64.7 63.3 7.7 £ 7.4+ 2.03 1.95 1.50 1.45 62.7 + 60.4 6.3 + 6.0 +
+ 5.51 + 0.58 0.35 + + + + 2.39 + 0.24 0.15
3.51 0.15 0.05 0.10 0.06 1.51
50 68.8 66.1 7.3+ 7.0 £ 2.47 2.34 1.70 1.64 80.5 + 77.3 6.5 + 6.4 +
+ 5.30 + 0.53 0.145 + + + + 3.81 + 0.31 0.15
4.11 0.15 0.15 0.10 0.06 4.46
100 71.2 670.+ 7.7 £ 7.1+ 2.50 2.38 1.73 1.68 81.5 + 78.8 7.4 + 7.1+
+ 4.80 1.10 1.00 0.92 + + + + 5.57 + 0.36 0.31
0.46 0.44 0.06 0.05 3.24
200 72.3 68.7 8.0 + 7.4+ 2.67 2.43 1.77 1.74 84.1 + 80.5 7.8 + 7.5+
+1.15 + 0.58 0.17 + + + + 5.22 + 0.56 0.55
3.84 0.45 0.45 0.15 0.06 6.79
Mean 69.2 66.3 7.7 7.2 2.42 2.27 1.68 1.63 77.2 74.2 7.0 6.8
K-NPs 0 64.7 63.3 7.7 £ 7.4+ 2.03 1.95 1.50 1.45 62.7 + 60.4 6.3 + 6.0 +
+ 5.51 + 0.58 0.35 + + + + 2.39 + 0.24 0.15
3.51 0.15 0.05 0.10 0.06 1.51
50 69.0 66.7 7.0 £ 6.8 + 2.63 2.62 1.73 1.65 87.0 + 81.5 8.1+ 7.6 £
+ 8.19 + 0.58 0.80 + + + + 6.08 + 0.60 0.64
3.15 0.21 0.36 0.06 0.05 4.78
100 72.5 70.0 83+ 7.4+ 2.73 2.62 1.83 1.77 89.9 + 85.8 8.6 + 8.3+
+2.78 + 0.58 0.35 + + + + 4.50 + 0.61 1.10
1.66 0.47 0.42 0.12 0.06 3.92
200 73.8 70.6 8.7 + 8.1+ 2.93 2.79 2.03 2.00 105.7 95.4 9.8 + 8.9 +
+4.19 + 1.00 0.48 + + + + +5.51 + 0.49 0.50
7.64 0.21 0.20 0.23 0.19 4.41
Mean 70.0 67.7 7.9 7.4 2.58 2.49 1.78 1.72 86.3 80.8 8.2 7.7
Mean 0 64.7 63.3 7.7 7.4 2.03 1.95 1.50 1.45 62.7 60.4 6.3 6.0
50 68.9 66.4 7.2 6.9 2.55 2.48 1.72 1.66 83.8 79.4 7.3 7.0
100 71.8 68.5 8.0 7.2 2.62 2.50 1.78 1.72 85.7 82.3 8.0 7.7
200 73.1 69.7 8.3 7.7 2.80 2.61 1.90 1.87 94.9 88.0 8.8 8.2
LSD 5 % K - type 2.56 2.69 0.62 0.92 0.88 0.91 0.22 0.12 7.74 7.29 0.42 0.67
Conc. 7.14 5.70 1.07 0.85 0.36 0.32 0.14 0.11 5.27 4.98 0.54 0.70
Interaction 10.09 8.06 1.51 1.20 0.51 0.46 0.20 0.15 7.45 7.04 0.77 0.99
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3.3. Yield and its components

The increment of yield characteristics of onion plants was significant with the K-types, their concentration, and their interaction
through two growing seasons 2021 and 2022 (Table 4). Onion plants splashed with K-NPs presented a marked increase in yield as
expressed by bulb length (5.8 and 5.6 cm), the diameter of the bulb (6.7 and 6.4 cm), and neck (2.3 and 2.2 cm), fresh (117.3 and 109.9
cm), and dry weight of the bulb (17.1 and 15.6 cm), and bulb yield (t/ha) (44.4 and 41.6 cm), respectively through two consecutive
agricultural seasons 2021 and 2022 compared to KNOs.

Concerning the influence of various concentrations on the onion plants, data in Table 4 exhibited that onion plants showed superior
yield characteristics; bulb length (6.1 and 5.7 cm), the diameter of the bulb (6.9 and 6.6 cm), and neck (2.4 and 2.3 cm), fresh (131.2
and 123.8 cm), and dry weight of the bulb (22.0 and 19.1 cm), and bulb yield (49.6 and 46.8 t/ha) with the highest spray concentration
of 200 mg/1 on plants, during two sequential seasons 2021 and 2022, whereas the lowest values of productivity characteristics were
observed with the lowest concentration.

In addition, Table 4 illustrates the interaction between the K-types and their concentrations on the productivity of the onion plant.
The maximum concentration of 200 mg/1 of K-NPs showed a significant response on the best yield characteristics; bulb length (6.2 and
5.9 cm), the diameter of the bulb (7.1 and 6.8 cm), and neck (2.5 and 2.4 cm), fresh (133.7 and 127.0 cm), and dry weight of the bulb
(22.5 and 20.7 cm), and bulb yield (50.6 and 48.0 t/ha) compared with other treatments.

3.4. Photosynthetic pigments

The foliar application of K-NPs increased the content of photosynthetic pigments in onion leaves which is expressed as chl. A (1.441
and 1.340 mg/g), chl. B (0.580 and 0.540 mg/g), total chl. (2.210 and 1.880 mg/g), and cart. (0.631 and 0.605 mg/g) compared to
KNOj3 through two sequential cultivation seasons 2021 and 2022 (Fig. 2A).

The foliar application of multiple concentrations of KNO3 and K-NPs as shown in Fig. 2B, significantly increased the content of
photosynthetic pigments (Chl. a, Chl. b, total Chl., and Cart.) in onion leaves on a fresh weight basis over two growing seasons 2021
and 2022; this increase was dose-dependent. The content of Chl. a, Chl. b, total Chl., and Cart. in the leaves of onion plant became
greater at a concentration of 200 mg/1 (1.583 and 1.492 mg/g), (0.620 and 0.597 mg/g), (2.204 and 2.089 mg/g), and (0.813 and

Table 4
Effect of KNOg3, K-NPs, their concentrations and their interaction on yield characteristics of onion plant during two seasons 2021 and 2022.
Treatments Concentrations Bulb length (cm) Diameter (cm) Bulb weight (g) Bulb yield (t/ha)
(mg/D Bulb Neck Fresh Dry
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
KNO3 0 5.5+ 5.3+ 6.0 + 57 £+ 2.1+ 2.0+ 949 + 88.5 + 10.2 9.3+ 36.0 33.4
0.55 0.36 0.62 0.25 0.07 0.05 4.99 2.37 + 0.30 + +
1.11 1.95 0.91
50 54+ 54+ 6.2 + 58 £ 2.2+ 2.0+ 96.1 + 89.6 + 11.7 10.8 36.3 33.9
0.25 0.48 0.36 0.21 0.10 0.10 5.23 3.46 + + + +
1.18 0.80 2.00 1.33
100 5.6 + 55+ 6.3+ 6.0 + 22+ 22+ 103.3 96.4 + 17.0 14.8 39.1 36.4
0.38 0.29 0.26 0.10 0.35 0.31 +9.29 6.92 + + + +
2.00 1.20 3.52 1.23
200 6.1 £ 5.6 + 6.6 + 6.4 + 22+ 22+ 128.7 120.6 21.4 17.5 48.6 45.6
0.12 0.23 0.58 0.48 0.44 0.41 + 0.01 +2.78 + + + +
2.40 2.00 0.06 1.04
Mean 5.6 5.4 6.3 6.0 2.2 2.1 105.7 98.8 15.1 13.1 40.0 37.3
K-NPs 0 55+ 53+ 6.0 £ 5.7 + 21+ 2.0+ 949 + 88.5 + 10.2 9.3+ 36.0 33.4
0.55 0.36 0.62 0.25 0.07 0.05 4.99 2.37 + 0.30 + +
1.11 1.95 0.91
50 5.7 + 5.6 + 6.7 £ 6.4 + 22+ 2.1+ 111.5 102.6 17.0 15.1 42.2 38.8
0.93 0.49 0.79 0.10 0.35 0.33 + 11.81 +7.11 + + + +
1.00 2.10 4.45 2.69
100 59+ 5.7 + 6.9 + 6.7 + 23+ 23+ 129.1 121.6 18.5 17.4 48.8 46.0
0.69 0.59 0.61 0.35 0.38 0.31 + 0.85 +1.20 + + + +
1.50 1.60 0.30 0.46
200 6.2 + 59+ 7.1+ 6.8 + 25+ 2.4 + 133.7 127.0 22.5 20.7 50.6 48.0
0.42 0.40 0.40 0.23 0.38 0.27 + 3.36 + 3.19 + + + +
2.50 2.20 1.22 1.17
Mean 5.8 5.6 6.7 6.4 2.3 2.2 117.3 109.9 17.1 15.6 44.4 41.6
Mean 0 5.5 5.3 6.0 5.7 2.1 2.0 94.9 88.5 10.2 9.3 36.0 33.4
50 5.6 5.5 6.5 6.1 2.2 2.1 103.8 96.1 14.4 12.9 39.2 36.3
100 5.7 5.5 6.6 6.3 2.3 2.2 116.2 109.0 17.8 16.1 43.9 41.2
200 6.1 5.7 6.9 6.6 2.4 2.3 131.2 123.8 22.0 19.1 49.6 46.8
LSD 5 % K - type 1.02 1.04 0.62 0.67 0.86 0.54 5.36 1.49 2.59 2.40 2.17 1.28
Conc. 0.59 0.49 0.74 0.31 0.36 0.30 8.07 5.33 1.99 1.93 2.60 1.50
Interaction 0.84 0.69 1.05 0.43 0.50 0.43 11.41 7.54 2.82 2.73 3.68 2.12
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Fig. 2. Effect of KNO3 and K-NPs (A), their concentration (B), and interaction between potassium types (C) on photosynthetic pigments of onion
leaves during two seasons 2021 and 2022.

0.783 mg/g), respectively, than other concentrations during two agriculture seasons in 2021 and 2022.

The interaction between the potassium source and concentration (200 mg/1) results in the highest content of Chl. a (1.648 and
1.533 mg/g), Chl. b (0.659 and 0.613 mg/g), total Chl. (2.307 and 2.147 mg/g), and Cart. (0.832 and 0.805 mg/g) in the leaves of the
onion plant (Fig. 2C) compared to other treatments through alternate seasons 2021 and 2022.

3.5. Biochemical contents

Table 5 shows the impact of K-types, their concentrations, and their interaction on the biochemical content of onion bulbs on a dry
weight basis during two successive seasons of 2021 and 2022. The content of carbohydrates, protein, oil, antioxidant activity, phenols,
flavonoids, indoles, and anthocyanin in onion bulbs was significantly increased by the foliar application of K-NPs, with the highest
values of total carbohydrates and total indoles observed in the bulbs of plants treated with 200 mg/] K-NPs through two alternate
cropping seasons 2021 and 2022. The highest content of protein, antioxidant activity, and phenols were observed at the lowest
concentration of 50 mg/1, with the increment of oil, flavonoids, and anthocyanin content observed at a concentration of 100 mg/1 in
bulbs on a dried weight basis during sequent seasons 2021 and 2022.

The interaction between the potassium type and concentration significantly affected the biochemical content of onion plant bulbs



Table 5
Effect of KNO3, K-NPs, their concentrations and their interaction on biochemical contents of onion bulb during two seasons 2021 and 2022.
Treatments  Concentrations Total
(mg/1)
Carbohydrates Protein (%) 0il (%) Antioxidant Phenols (mg GA/g Flavonoids (mg Anthocyanin (mg Indoles (mg IAA/g
(%) activity (pmol DW) QCE/g DW) CYE/g DW) DW)
Trolox
/g DW)
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
k 0 54.6 53.2 12.4 + 12.0 £ 4.56 + 4.50 + 11.6 + 11.1 + 15.8 + 15.3 + 2.8 + 2.6 + 1.77 £ 1.70 £ 11.1 + 10.5 +
+ + 0.06 0.18 1.06 0.84 0.46 0.41 0.73 0.24 0.44 0.16 0.03 0.01 0.46 0.13
1.39 2.56
50 51.5 50.6 12.2 + 119 + 3.74 £ 3.67 £ 119+ 114 + 17.1 + 16.6 + 2.4 + 23+ 1.93 + 1.90 + 11.0 £ 10.3 +
+ + 0.31 0.31 0.38 0.22 0.61 0.44 0.83 0.26 0.06 0.08 0.07 0.02 0.39 0.15
0.76 5.17
100 56.3 53.2 129 + 12.6 + 3.86 + 371 £ 115+ 11.0 + 155 + 15.1 + 3.1+ 3.0+ 2.73 £ 2.65 £ 11.4 + 10.8 +
+ + 0.76 0.44 0.27 0.30 1.20 1.01 0.66 0.12 0.04 0.03 0.09 0.13 0.43 0.34
0.78 6.65
200 58.5 54.1 125+ 12.4 + 4.00 + 3.83+ 10.3 + 99 + 141 + 13.7 + 21+ 2.0+ 2.57 £ 2.19 £ 12.8 + 123 +
+ + 1.25 0.62 0.04 0.09 0.65 0.42 1.13 0.61 0.12 0.10 0.43 0.01 0.29 0.39
0.25 1.60
Mean 55.3 52.8 12.5 12.2 4.04 3.93 11.3 10.9 15.5 15.2 2.6 2.4 2.25 2.11 11.6 11.0
k-NPs 0 54.6 53.2 12.4 + 12.0 + 4.56 + 4.50 + 11.6 + 11.1 + 15.8 + 153 + 2.8 + 2.6 + 1.77 + 1.70 + 11.1 + 10.5 +
+ + 0.06 0.18 1.06 0.84 0.46 0.41 0.73 0.24 0.44 0.16 0.03 0.01 0.46 0.13
1.39 2.56
50 58.6 56.9 159 + 15.4 + 3.92 + 385+ 135+ 12.8 + 20.0 £ 19.7 + 3.1+ 29 + 2.24 £ 2.14 £ 11.2 + 109 +
+ + 0.31 0.10 0.17 0.13 0.72 0.68 2.48 1.85 0.10 0.06 0.04 0.04 0.52 0.13
0.38 1.69
100 58.9 57.4 14.4 £ 14.2 + 3.94 + 3.90 + 12.5 + 12.0 + 17.2 + 16.6 + 3.2+ 3.0 £ 3.04 £ 2.68 + 12.6 + 11.8 +
+ + 0.31 0.41 0.15 0.15 0.91 0.74 1.02 0.57 0.07 0.04 0.15 0.23 0.49 0.63
0.17 1.50
200 60.8 58.1 13.8 + 13.3 + 4.57 + 4.55 + 119+ 114 + 16.0 + 149 + 25+ 25+ 211 + 2.05 + 144 + 134 +
+ + 0.06 0.20 0.51 0.25 0.43 0.53 1.13 0.80 0.42 0.19 0.13 0.05 0.35 0.46
0.69 0.15
Mean 58.2 56.4 14.1 13.7 4.25 4.20 12.4 11.8 17.2 16.6 2.9 2.8 2.29 2.14 12.3 11.6
Mean 0 54.6 53.2 12.4 12.0 4.56 4.50 11.6 11.1 15.8 15.3 2.8 2.6 1.8 1.7 11.1 10.5
50 55.1 53.7 14.1 13.6 3.83 3.76 12.7 12.1 18.6 18.1 2.7 2.6 2.1 2.0 11.1 10.6
100 57.6 55.3 13.6 13.4 3.90 3.80 12.0 11.5 16.3 15.9 3.1 3.0 2.9 2.7 12.0 11.3
200 59.7 56.1 13.2 12.8 4.29 4.19 111 10.7 15.1 14.3 2.3 2.2 2.3 2.1 13.6 12.8
LSD 5 % K - type 1.03 6.01 1.55 0.74 0.33 0.22 0.91 0.75 0.77 0.71 0.34 0.18 0.08 0.22 0.18 0.43
Conc. 1.05 2.72 0.53 0.41 0.80 0.50 0.58 0.52 1.42 1.07 0.32 0.12 0.23 0.12 0.56 0.40
Interaction 1.49 3.84 0.75 0.58 1.13 0.70 0.82 0.74 2.01 1.51 0.46 0.17 0.33 0.17 0.79 0.57
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(Table 5) through two farming seasons 2021 and 2022. The best protein and phenols content, and antioxidant activity in the bulbs were
observed at the lowest concentration of 50 mg/1 K-NPs, whereas the maximum values of total flavonoids and anthocyanin were
observed at a concentration of 100 mg/1 K-NPs. Additionally, the content of carbohydrates, oil, and total indoles increased in bulbs
produced from the plants treated with a higher concentration of 200 mg/1 of K-NPs.

3.6. Minerals

Fig. 3A shows that the K-type and concentrations as well as their interaction markedly increased the proportion of nitrogen, po-
tassium, and phosphorus in the onion bulbs during two alternated seasons. Onion plants splattered with K-NPs had a good proportion
of nitrogen (2.26 % and 2.19 %), potassium (0.33 % and 0.31), and phosphorus (1.69 % and 1.65 %) in the bulbs on a dry weight base
during the two farming seasons.

Fig. 3B indicates that the mineral content of the onion bulbs reached a significant level of 5 % through the two growing seasons. The
lowest concentration of 50 mg/1 presented the best nitrogen content in onion bulbs, whereas the upper concentration of 200 mg/1 gave
a superior percentage of phosphorus in bulbs. The potassium content in onion bulbs improved with a concentration of 100 mg/1.

Fig. 3Creveals that the interaction between the potassium types and concentrations significantly impacted the content of nitrogen,
potassium, and phosphorus in the onion bulbs during two successive cultivation seasons 2021 and 2022. The maximum nitrogen
percentage was observed in onion plants treated with 50 mg/1 K-NPs, whereas the phosphorus content in bulbs was boosted with the
highest concentration of 200 mg/l K-NPs and 100 mg/1 of K-NPs achieved the optimal potassium percentage in bulbs.

N up mK
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2
= 1.5
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1
0.5
0
K Treatments K-NPs
(B) 25 - aN =P wK
2
~ 1.5
<
1
0.5
0
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Fig. 3. Effect of KNO3 and K-NPs (A), the concentrations of KNO3 and K-NPs (B), as well as the interaction between K-types, and their concen-
trations (C) on minerals contents of onion bulb during two seasons 2021 and 2022.
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3.7. ISSR-molecular markers

The effect of foliar spraying of onion plants with K and K-NPs on ISSR-markers (14 A, 44 A, HB 12, HB 14, and HB 15) was
illustrated in Fig. 4. The original pictures of the gels of ISSR-markers (14 A, 44 A, HB 12, HB 14, and HB 15) were illustrated in Figs. S1,
S2, 83, S4, and S5, respectively, as supplementary material. Furthermore, the recorded data in Tables (6 and 7) showed the effect of
both potassium and its nano-particles on reproducible DNA fragments of Allium plants. The multiple fragments with different mo-
lecular weights were detected using these primers, and the reproducible fragments were distributed between monomorphic bands,
polymorphic bands, and unique bands.

It was noticed that there were 69 bands as a total number of bands (TAF) with a polymorphism percentage average (78.99 %).
Moreover, the reproducible bands were distributed as 16 MB which were detected in all treated samples, 27 PB (among some samples
not all) and 26 UB (only in one sample). It was noticed that the highest level of polymorphism (87.50 %) was observed with primer HB

12, while the lowest polymorphism was 63.64 % with HB 14 primer (Table 6).
Moreover, the detected bands varied in number, polymorphism and range of their molecular weights between used ISSR primers.
About primer 14 A, there were 13 reproducible bands with molecular weights ranging between (114.028-475.260 bp), moreover, it

600 bp
400 bp

200 bp
100 bp

600 bp

400 bp

200 bp
100 bp

— -

e e Sl S et S

Fig. 4. Effect of foliar spraying with K and K-NPs on ISSR-markers (14 A, 44 A, HB 12, HB 14, and HB 15) of Allium plants. M = DNA Marker, 1 =
control; 2 = K (50 mg/1); 3 = K (100 mg/1); 4 = K (200 mg/1); 5 = K-NPs (50 mg/1); 6 = K-NPs (100 mg/1); 7 = K-NPs (200 mg/1).
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Table 6

Effect of K and K-NPs on ISSR-markers of Allium plants.
Primers Marker size (bp) Amplified bands PB %

TAF MB UB PB

14 A 114.028-475.260 13 3 4 6 76.92
44 A 79.749-408.325 15 4 5 6 73.33
HB 12 89.385-634.300 16 2 6 8 87.50
HB 14 149.615-484.260 11 4 4 3 63.64
HB 15 135.998-545.048 14 3 7 4 78.57
Total 69 16 26 27 -
Average 13.80 3.2 5.2 5.4 75.99

TAF is the Total amplified fragments, MB is the Monomorphic bands, UB is the Unique bands, PB is the Polymorphic bands and PB (%) is the
percentage of polymorphism.

was distributed as 3 MB, 4 UB, and 6 PB with 76.92 % polymorphism. Meanwhile, 15 bands with molecular weights (79.749-408.325
bp) and 73.33 % polymorphism were detected using 44 A primer and distributed as 4 MB, 5 UB, and 6 PB. However, HB 12 primer
detected the highest total amplified bands (16 bands), polymorphic bands (8 bands), and polymorphism % (87.50 %), also there were
2 MB and 6 UB were detected with the same primer. Moreover, molecular weights of the detected bands using this primer (HB 12)
ranged between (89.385 and 634.300 bp) as shown in Table 6.

On the other hand, the lowest total amplified bands, polymorphic bands, and polymorphism% (11 bands, 3 bands, and 63.64 %),
respectively, were scored with HB 14 primer with molecular weights ranging between (149.615-484.260 bp) as found in Table 6 and
Fig. 4.

Table 6 presents a general idea about the reproducible bands detected using the previous five ISSR primers. However, Table 7 draws
the attention to number, size, type and conjugative reproducible bands that were detected by each primer separately. Moreover, some
bands have the same molecular weight and these were called polymorphic bands and this conjunction was due to the effect of the
treatments. (Table 7).

4. Discussion

The application of K-NPs (200 mg/1) as splatter fertilizer has a salutary impact on onion plant development and production (Ta-
bles 3 and 4) in line with the study of Marquez-Prieto et al. [7] that indicated that green bean plant production improved when treated
with 200 ppm nano potassium, possibly due to increased cell split [51] and several enzymatic growth and activity to improve crop
quality [52]. Potassium acts on the enzymes responsible for protein composition, sugar conversion, nitrogen and carbon metabolism,
and photosynthesis, thereby enhancing plant productivity and quality [19,53]. Also, it is paramount for growing plant cells, which is a
critical operation for plant maturity [54]. Generally, potassium activates and regulates ATPase in the plasma membrane to produce
acid inducement, which then catalysts cell wall loosening and hydrolase stimulation [53], consequently strengthening cell evolution.
This outcome also might be due to the increased photosynthesis pigments observed with the application of 200 mg/l K-NPs (Fig. 2)
which are fundamental for photosynthesis to occur in plants [55]. Spraying of potassium nano-fertilizers promoted metabolic activities
and thus increased the leaf surface area for chemical and physical activity [56,57]. Hirak et al. [58] found that the highest dose of
potassium supplementation increased carbohydrate metabolism in plants. El-Mergawi and Abd El-Wahed [59] indicated that the total
indole content augmented with improved plant outgrowth. Yang et al. [60] revealed that phytohormone production can be affected by
nanoparticles. Similarly, El-Metwally et al. [61] reported that the percentage of total oil and protein in peanut seeds was enhanced by
applying nano-fertilizer. Ricco et al. [62] revealed that nanoparticles changed the content of fatty acids, amino acids, and phenols in
plants.

The subaltern metabolite output (i.e., flavonoids, phenols, antioxidants, and anthocyanin) and their content in plants were affected
by nano-nutrients and their concentration [63]. Fertilizers in nano-form are easily taken up by plant cells, thereby supplying sufficient
nutrients to enhance antioxidant vigor [64]. In addition, Zafar et al. [65] showed that lower NP concentrations amplified antioxidant
activity, followed by a decline at higher concentrations. Flavonoids and phenolic acids are associated with antioxidant activity [66].
Similarly, Thiruvengadam et al. [67] reported that the anthocyanin output was ameliorated by treating plants with a high concen-
tration of nanoparticles that may act as a defense against the oxidative strain caused by the NPs.

The increment of mineral content in the onion bulbs observed in this study may be due to the tardy launch of K-NPs in supplying
plants with nutrients that include the preservation of metabolism and increased crop production [68]. Furthermore, the application of
nano-fertilizers caused alterations in the absorption of other available nutrients in plants [69]. due to interactions in ion absorption and
the transport of other metals inside the plant cells [70,71]. Also, Han et al. [72] showed that potassium is widely transported within
plants and has a substantial function in cellular osmotic stress and cation/anion equilibrium in the cytoplasm.

In summary, K-NPs improve onion plant growth, production, and biochemical content due to their small size and are capable of
retaining many ions due to their increasing surface area and slow release [73]. The spray application of K-NPs is more influential than
the common fertilizer [74]. Moreover, plant biological responses depend on the chemical composition of the nanoparticles and
concentration [11], as well as the origin, volume, focus, and time of addition to plants [75,76].

Considering the importance of molecular markers i.e.: RAPD and ISSR markers for studying the genetic relationship and diversity in
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Table 7

Effect of foliar spraying with K and K-NPs on ISSR-markers of Allium plants.
MW Cont. K 50 K 100 K 200 K-NPs 50 K-NPs 100 K-NPs 200 Polymorphism

14 A

475.260 - + + + + + + PB
383.732 - + - - - - - UB
367.661 - - - + - - - UB
340.807 + - - - - - - UB
294.554 - + + + + + + PB
276.245 - - - - + + + PB
255.571 + - - - - - - UB
220.886 + + + + + + + MB
186.142 + + + + + + + MB
156.255 - - - - + + + PB
145.689 + + + + - - - PB
128.390 + + + + + + + MB
114.028 - - + + - - - PB
44 A
408.325 + + + + + + + MB
332.546 - - - - + + - PB
309.843 - - - + - - - UB
274.562 - + + - - - - PB
264.119 - - - - + + + PB
213.635 + + + + - - - PB
205.979 - - - - - - + UB
203.643 - - - - - + - UB
198.597 - - - - + - - UB
165.849 + + + + + + + MB
138.502 + + + + + + + MB
113.832 - - - - + + + PB
107.768 + - - - - - - UB
94.413 - + + + - - - PB
79.749 + + + + + + + MB
HB 12
634.300 - - - - + + + PB
532.788 - + - - - - - UB
420.207 + + + + + + + MB
359.864 + - - - - - - UB
329.813 - - - - + + - PB
316.508 + - - - - - - UB
298.633 - - - - + - - UB
283.823 - + + - - - - PB
263.930 - - - - + + + PB
245.431 + - - - - - - UB
222.229 + + + + - - - PB
184.864 - - - - + + + PB
142.312 + + + + + + + MB
114.714 - - - + + + + PB
91.577 + + + + - - - PB
89.385 - - - - - - + UB
HB 14
484.260 + - - - - - - UB
419.224 - - - - + + + PB
410.588 + - - - - - - UB
388.611 - - - + - - - UB
385.160 - - + - - - - UB
344.519 + - + + + - + PB
279.363 + + + + + + + MB
226.193 + + + + + + + MB
200.231 + + + + - - - PB
176.461 + + + + + + + MB
149.615 + + + + + + + MB
HB 15
545.048 + + + + + + + MB
428.045 - + - - - - - UB
402.455 - - + - - - - UB
369.179 - - - - + + + PB
332.039 + + + + + + + MB
280.091 + - - - + + + PB
245.778 + - - - - - - UB

(continued on next page)
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Table 7 (continued)

MW Cont. K 50 K100 K 200 K-NPs 50 K-NPs 100 K-NPs 200 Polymorphism
14 A

475.260 - + + + + + + PB

242.767 - - - - + - - UB

235.688 - + + + - - - PB

205.798 + + + + + + + MB

197.837 - - - - - + - UB

159.640 - - - - - - + UB

148.257 - - - - - + - UB

135.998 + + + + + - - PB

various genera and species of plants, very little work has been conducted on different onion varieties and cultivars [25]. So, this study
evaluated the effect of foliar spraying with KNO3 and K-NPs on onion plants via changes in the reproducible ISSR-DNA fragments as
shown in Tables (6 & 7) and Fig. 4. However, Kesralikar et al. [77] used different ISSR primers i.e: HB 12 and HB 14 to study genetic
diversity between 16 onion genotypes and reported that 66.66 % of polymorphisms were scored using both HB12 and HB14 primers.
Sudha et al. [78] studied the genetic similarity and diversity between onion cultivars using 10 ISSR primers and reported that 6 primers
only generated 28 variable polymorphic band patterns. Brahimi et al. [79] studied the genetic and phenotypic diversity within and
between onion (Allium cepa L.) ecotypes in Morocco using ISSR-markers, concluding that ISSR-markers are a powerful tool in dis-
tinguishing onion ecotypes. In addition, significant associations between marker scores and phenotypic traits could be detected,
representing particular importance for future breeding programmers.

5. Conclusion

The application of nano forms of fertilizers improves fertilizer efficiency by increasing diffusion into plant cells. The foliar
application of K-NPs on onion plants is a perfect technique for the slow release of potassium and achieving agricultural sustainability.
The application of K-NPs improved the mean onion growth, yield, and quality characteristics such as yield by 11 % and 11.5 %, total
carbohydrates by 5.2 % and 6.8 %, oil by 5.1 % and 6.8 %, phenols by 10.9 and 9.2 %, as well as total indoles 6 % and 5.4 % during two
seasons, respectively, compared to the traditional fertilizer (KNO3). Future studies should evaluate the foliar application of K-NPs with
other micronutrients.
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