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Abstract

Wheat (Triticum aestivum L.) is one of the most important cereal crops worldwide and represents a
major source of food and nutrition for the global population. Improving fertilization practices to
increase wheat productivity and grain quality has become an important objective in modern
agriculture. The objective of the study was to compare the impact of urea fertilization with various
levels of nano-potassium (Nano K) on grain production and other quality characteristics of wheat
under pot conditions of the 2025 to 2026 growing season in the experimental garden of the plant
department, Faculty of Science, Sebha University. The experiment involved six treatments: a control,
recommended urea fertilization, and urea combined with nano-potassium at levels of 500, 1000,
1500, and 2000 ppm. The treatments were arranged in five replicates under controlled pot
conditions. The results revealed significant differences among the treatments. The Nano K 1500 ppm
+ Urea treatment exhibited the highest performance, recording the maximum values for Fibers (0.028
g/100 g DW), Gluten (0.278 g/100 g DW), and Protein (0.153 g/100 g DW). Regarding mineral
content, the Nano K 1000 ppm + Urea treatment excelled in Potassium content (0.0054 g/100 g DW),
whereas the 1500 ppm concentration recorded the highest Phosphorus (0.004 g/100 g DW). For
Nitrogen accumulation, the sole Urea treatment achieved the maximum value of (0.936 g/100 g DW).
These parameters positively influenced the final yield, with the 1500 ppm concentration achieving
the highest dry weight of grains per spike (9.1 g). Conversely, increasing the Nano K concentration
to 2000 ppm led to a sharp decline across all measured traits, while the control treatment recorded
the lowest values for most parameters. These findings demonstrate the potential of nano-fertilizers
to enhance wheat productivity, grain quality, and nutrient use efficiency under controlled conditions,
with promising implications for sustainable crop production in arid and semi-arid environments.
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Introduction

Wheat (Triticum aestivum L.), as an inexpensive staple food, is an important component of world food
security, serving millions of people with much-needed calories and proteins. Wheat grains are the source of
protein, fiber, and essential minerals, and thus the crop is the core of human food and food security. Wheat
has continued to play a major role in agricultural systems, especially in arid and semi-arid areas where the
factors of production may be restricted because of environmental stress and nutrient density [1].
Wheat growth requires potassium (K), a key macronutrient that plays a vital role in various physiological
activities. It helps in enzyme activation, photosynthesis, protein synthesis, osmotic regulation, and stress
tolerance. The nutrient requirement is particularly high during the critical development phases of booting
and grain filling, and a proper supply of potassium is particularly critical. It has been reported in a previous
study that foliar potassium application at the booting stage enhanced the grain yield, protein content, and
height of the plants, and therefore, potassium management was considered important [2]. On the same note,
potassium fertilization was found to enhance grain protein ratio as well as dough qualities, which
emphasizes its significance to yield and technological quality [3].

The recent developments in nanotechnology have brought with them the use of nano fertilizers as a new way
of enhancing the efficiency of nutrient use of nutrients and the productivity of crops. Nano potassium
fertilizers have drawn a lot of attention because they are more reactive, their surface area is greater, and
they are more efficient in the absorption process compared to traditional fertilizers. Several studies have
indicated a positive impact of nano-potassium on the growth and productivity of plants. An example of the
advances in seed weight and nutrient accumulation is provided after the application of nano-K in stress
cases [4].

Equally, the addition of potassium was reported to improve the yield and mineral content under salinity
stress [5], whereas the addition of nano-K was also reported to significantly improve the chlorophyll content
and the number of spikes [6]. Moreover, the use of bio-nano fertilizers on the foliage has been linked with
enhanced nutrient absorption and augmented 1000-grain weight [7,8]. Similar positive reports have also
been observed in other crops like quinoa and rice [9]. Although these encouraging results were obtained,
the reactions of the nano-potassium fertilization are still inconsistent, and the most appropriate
concentration in the real growing conditions is yet to be determined. Moreover, very little information exists
on the synergistic use of nano-potassium and traditional nitrogen fertilization and its effect on wheat output
parts and grain quality features. Thus, the current experiment was performed to assess the impact of various
doses of nano-potassium, used in concert with the prescribed urea application rate, on the production
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aspects of wheat, the grain composition of protein, and the general grain quality in a pot assay. The research
will maximize the nano-potassium fertilization practice and promote viable nutrient management practice
in wheat systems.

Material and methods

A pot experiment was conducted at the experimental garden of the Faculty of Science, University of Sebha,
Libya, during the 2025-2026 growing season, air temperature ranged from approximately 18 to 32 °C, while
relative humidity varied between 25 and 55%. Plants were grown under natural daylight conditions and
were irrigated as required to maintain adequate soil moisture throughout the experimental period.

Plant Material and Experimental Design

The wheat variety ‘Dhahab’ was used in this study. It was obtained from a local farm in southern Libya,
where it is widely cultivated and well known among farmers. The cultivar is commonly grown in the region
and is considered a well-adapted and established variety in southern Libyan agricultural systems. A
preliminary germination test was conducted prior to sowing to ensure seed viability. 30 plastic pots were
prepared and filled with mixed soil, predominantly sandy. Twenty seeds were sown per pot, and after
complete germination, seedlings were thinned to maintain ten uniform plants per pot.

The experiment was arranged in a completely randomized design (CRD) with five replications.

Treatments

The treatments consisted of:

. Control

. Recommended urea dose

. Urea + 500 ppm nano-K

. Urea + 1000 ppm nano-K

. Urea + 1500 ppm nano-K

. Urea + 2000 ppm nano-K

Nano-K was applied as a foliar spray until complete coverage of the vegetative parts. Applications were
performed at 15, 30, 45, and 60 days after sowing.

Ul WN

Sampling Procedure

Measurements were conducted at four intervals:

* 15 days after the first application

* 15 days after the second application

* 15 days after the third application

* 15 days after the fourth application

Samples were collected one day before each subsequent fertilizer application. Two plants were randomly
uprooted from each pot at every sampling date, including the root system.

Soil Analysis
Soil samples were analyzed prior to planting to determine physical and chemical characteristics using
standard procedures [10]. Particle size distribution was determined using the hydrometer method; soil pH
was measured in a 1:1 soil-water suspension; and electrical conductivity (EC) was determined in a soil
extract as showed in (Table 1).
Measured Traits
Fiber Content (g/100 g DW)
Total dietary fiber was determined using the enzymatic-gravimetric method [14].

Fiber (%) = (Weight of dried residue / Original sample weight) x 100

Gluten Content (g/100 g DW)
Wet gluten content was determined according to International Method 38-12. Flour samples were mixed
with water to form dough, washed to remove starch, and the remaining gluten mass was weighed.

Gluten (%) = (Weight of wet gluten / Original sample weight) x 100

Protein Content (g/100 g DW)
Crude protein percentage was calculated from total nitrogen using the conversion factor 6.25:
Protein (%) = Nitrogen (%) X 6.25

Potassium Content (g/100 g DW)
Potassium was determined by flame photometry using the method [13].
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Phosphorus Content (g/100 g DW)
Phosphorus concentration was determined calorimetrically using the vanadomolybdate yellow method [12].

Nitrogen Content (g/100 g DW)
Total nitrogen was determined using the Kjeldahl digestion, distillation, and titration method [11]. Results
were expressed as a percentage of dry weight.

Grain Weight (g)

Grains were harvested at maturity and dried to constant weight. Grain weight was measured using an
analytical balance and expressed in grams (g).

Chemical constituents were expressed on a dry weight basis (g/100 g sample), and data were subjected to
analysis of variance (ANOVA) using CoStat statistical software. Treatment means were compared using the
Least Significant Difference (LSD) test at the 0.05 probability level.

Table 1. Some physical and chemical properties of the experimental soil in the pots. Particle size
distribution (gm kg-1 soil)

Particle size distribution (gm kg-1 soil)
Clay 23.0%
Sand 60.0%
Silt 17.0%
Ph. (1: 1) 7.8
Ec 2.2dSm™
Available Ca 8.0 meq L™
Mg Available 3.5%
Na Available 1.2%
Co3--+ Hco3- 2.6 %
Cl- 1.6 meq L™?
So4— 2.0 meq L™
Calcium Carbonate 4.0%
N Available 0.12 %
p Available 30mg kg™
K Available 1.2mg kg™
Organic Matter (%) 25%

Results and Discussion
The analysis of variance (ANOVA) revealed significant differences (p < 0.05) among treatments for all
measured traits.

Fiber and Gluten Content (g/100 g DW)

Nano-potassium application significantly affected fiber and gluten contents (Figure 1.A, B). The highest fiber
and gluten contents were recorded under the 1500 ppm nano-K + urea treatment (0.028 and 0.278 g/100
g DW, respectively), followed by the 1000 ppm treatment, whereas the lowest values were observed in the
control treatment.

The increase in fiber content may be attributed to enhanced carbohydrate metabolism and improved
assimilate partitioning during grain development [4,15]. Moreover, potassium nutrition plays an important
role in enzyme activation and protein synthesis, thereby contributing to gluten formation and improved
dough quality [2,3].

Protein Content (g/100 g DW)

Protein content was significantly influenced by nano-potassium levels (Figurel.C). The highest protein
content was recorded under the 1500 ppm nano-K + urea treatment (0.153 g/100 g DW), followed by the
1000 ppm treatment, while the control treatment recorded the lowest value.

The improvement in protein content may be attributed to enhanced nitrogen assimilation and increased
efficiency of protein biosynthesis under adequate potassium supply. Potassium is known to activate several
enzymes involved in nitrogen metabolism, leading to increased protein accumulation in wheat grains.
[2,3,4,6]. In addition, similar responses to grain protein concentration to nitrogen availability have also
been observed [19,20].

Potassium Content (g/100 g DW)

Potassium content differed significantly among treatments (Figurel.D). The highest value (0.0054 g/100 g
DW) was recorded under the 1000 ppm nano-K + urea treatment, followed by the 1500 ppm treatment,
whereas the control treatment showed the lowest value.
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The increased potassium concentration reflects the effectiveness of foliar nano-potassium application in
enhancing nutrient uptake and translocation within plant tissues. Nano-sized particles possess high surface
area and reactivity, which improve nutrient absorption efficiency [5,17,18].
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Figure 1. Effect of different potassium fertilization treatments on grain quality traits and grain dry weight
per spike of wheat. Values are expressed as means + SE (n = 5). Different letters above the bars indicate
significant differences among treatments according to the LSD test at P < 0.05.

Phosphorus Content (g/100 g DW)
Phosphorus content was significantly affected by the different treatments (Figurel.E). The highest

phosphorus content (0.004 g/100 g DW) was observed under the 1500 ppm nano-K + urea treatment,
followed by the 1000 ppm treatment, while the control treatment recorded the lowest value.

The increase in phosphorus concentration may be associated with improved nutrient balance and enhanced
root activity resulting from potassium application. Adequate potassium supply promotes energy transfer
processes and nutrient mobility during grain development [9,7,17].

Nitrogen Content (g/100 g DW)

Nitrogen content varied significantly among treatments (Figurel.F). The highest nitrogen content (0.936
g/100 g DW) was obtained under the sole urea treatment, whereas the control treatment exhibited the lowest
value. Among the combined treatments, the 1000-ppm nano-K + urea treatment showed higher nitrogen
accumulation than the other nano-potassium concentrations.

The superior nitrogen accumulation under urea application can be attributed to the direct supply of
available nitrogen. The relatively lower values observed under combined nano-potassium treatments may
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be due to a dilution effect associated with enhanced biomass production and carbohydrate accumulation
[19,20,21].

Grain Dry Weight per Spike (g)

Treatments significantly affected grain dry weight per spike (Figurel.G). The highest grain dry weight (9.1 g)
was recorded under the 1500-ppm nano-K + urea treatment, followed by the 1000-ppm treatment (8.8 g),
whereas the 2000-ppm treatment produced the lowest value (4.0 g), even lower than that of the control
treatment. The superiority of the 1500-ppm treatment indicates that this concentration represents an
optimum level for improving assimilate partitioning and grain filling. However, increasing the concentration
to 2000 ppm adversely affected grain development, possibly due to physiological disturbances caused by
excessive nutrient levels [4,5,6, 7,18].

Conclusion

The results of this study suggest that foliar application of nano-potassium can significantly enhance grain
quality and yield-related attributes in wheat. Among the tested treatments, the combined application of
1500-ppm nano-K with the recommended urea dose produced the highest values for fiber, gluten, protein,
nutrient content, and grain dry weight per spike. These results highlight the potential of nano-potassium as
an effective strategy for improving wheat productivity and grain quality. More field studies are suggested to
optimize nano-potassium application rates and evaluate its long-term agronomic and environmental effects.
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