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Impact of nano fertilization on different potato cultivars


Abstract
Given the global significance of the potato plant and Iraq's low productivity, the finest techniques and technologies must be applied to boost output and enhance quality. One of these strategies is to utilize nanofertilizers instead of conventional fertilizers to speed up and make it easier for nutrients to enter the plant. Because of the high salinity and resulting low nutrient availability in Iraqi soils, foliar spraying is a potential alternative for providing nutrients to plants. Another good substitute that can raise agricultural output is nano-fertilizers. In the Babil Governorate, the primary plots were planted and distributed with five different varieties of potatoes (Arnova, Arizona, Revera, Burren, Sifra)). Nano-fertilizer (macronutrients + micronutrients) was applied to them in the secondary plots at three different concentrations (0, 1, and 2 g liter-1). The experiment was carried out using a completely randomized block design using a split-plot arrangement. The experiment was repeated three times, and the studied indicators were measured at the end of the experiment. The results of the experiment demonstrated that the Arizona variety had the greatest success in most vegetative traits, including the number of stems that grow in the air, the number of leaves per plant and the area of the leaf. Plant-1 also had a superiority in the trait of the marketable yield of 22.27 tons Ha-1 is the small-fertilizer that has a concentration of 1 g. L-1 had a significant impact on the number of aerial stems per plant and the number of leaves per plant. The fertilizer with a concentration of 2g.L-1 had the greatest effect on the dry matter percentage in the tubers and the percentage of protein in the tubers, while the variety Arizona had the greatest number of aerial stems per plant, the marketable yield, and the percentage of protein in the tubers.
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 	Introduction
The intensifying global demand for agricultural products has been met with the excessive use of conventional fertilizers, leading to significant environmental pollution, soil and water degradation, and public health concerns. This challenge has been further exacerbated by the pressures of globalization, necessitating the adoption of more sustainable and efficient farming practices (Goyal et al., 2025). One of the major food crops in the Solanaceae family, potatoes (Solanum tuberosum L.) are one of the world's staple starchy meals (Kalsoom et al., 2023). They are the fourth most important food crop in the world. Because of its low cost and high energy production sources, this crop is important because it provides a staple food for many people around the world. Nano-fertilizers are nutrient formulations encapsulated or coated in nanomaterials, enabling controlled nutrient release and gradual dispersion in the soil. Compared to traditional fertilizer options, nano-fertilizers provide several advantages, including improved nutrient utilization, reduced environmental impact, and enhanced agricultural output and product quality. This improvement is largely attributed to the nanoscale size of these fertilizers, which facilitates better absorption and penetration into plant tissues. In addition, the interaction between nano-fertilizers and soil microorganisms is a critical area of interest because soil microbes are essential organisms for soil nutrient cycling and plant growth (Kekeli et al., 2025).
The right type, climate, fertilization, seed size, planting date, hormone treatment, farming methods, planting depth, planting distance, irrigation, and other factors all have an impact on this crop's yield. The competition between various sink consumption centers for vital metabolic products appears to be influenced by these factors taken together. Including tuber principles, which have an impact on yield quality and quantity (Al-Bahash, 2006).
Research has demonstrated that differences in the performance of genetic structures planted under identical environmental conditions, as evidenced by vegetative growth traits, yield, and quality traits, are caused by the genetic factor represented by the genes carried by the genetic structures (Sun et al., 2010; Mou, 2014; Shamim et al., 2013).
Numerous potato varieties vary in terms of the extent of their vegetative development, which is indicated by the plant's height, area, number of aerial stems, number of leaves, yield, and its constituent parts. Numerous studies have been carried out globally to identify the finest cultivars appropriate for each region's soil and climate.
These attest to the fact that there is heterogeneity in vegetative development, yield, and its qualitative attributes (Khalil and Al-Assaf, 2012). 
According to Roy et al. (2017), who studied three potato varieties—Rosetta, Granula, and Asterix—the Granule variety performed noticeably better than the Asterix variety, yielding the highest percentage of dry matter in the tubers, the highest specific weight of the tubers, and the highest yield per plant.
In his study on the best potato varieties for organic farming in Romania, Albert (2010) found that when four different varieties of potatoes were planted—Adora, Desiree, Santa, and Rustica—the Rustica variety plants performed significantly better than the other varieties in terms of the number of tubers per plant, while the Santa variety plants performed exceptionally well in terms of total yield. The Rustica variety plants had the least impact.
Traditional agriculture is unable to provide people with the food they require due to population growth, climate change, and the exhaustion of natural resources. As such, increasing the use of contemporary and innovative approaches has become essential. The utilization of nanotechnology, a contemporary science that employs materials at the nanoscale, is one of the aforementioned methods. Because of its numerous applications in the agricultural field at every step- from the production, processing, storage, and packaging of agricultural products to their transportation- this field is significant. (Ali et al., 2014).
Given the global significance of the potato plant and Iraq's low productivity, the finest techniques and technologies must be applied to boost output and enhance quality. One of these strategies is to utilize nanofertilizers instead of conventional fertilizers to speed up and make it easier for nutrients to enter the plant. This promotes plant development, increases both the quantity and quality of output, and decreases waste.
Compared to the medical and mechanical industries, the application of nanofertilizers in agriculture is still in its infancy. In Pirzada et al.,2021; Mijwel and Abod (2018) conducted a study to ascertain how nanofertilizers affected the potato plant, The results demonstrated that the whole fertilizer combination + nano-fertilizers had a substantial impact on the majority of the features under study. Six different combinations of fertilizers that are conventional and have a nano component were evaluated (the total number of tubers per plant, the average weight of the tubers in grams, the total yield of tubers per hectare in tons, the percentage of starch, the area of leaves in cm2, and the percentage of dry matter in the vegetative component). It's crucial to recognize that many countries' current agricultural practices are characterized by a decrease in production over time. To increase the yield and improve the quality of the output, it's recommended to combine chemical fertilizers with modern methods. Husen et al., (2021) and Butt et al., (2022) are two of the first studies that concentrated on potato production.

Materials and methods
It was intended as a trial with multiple subplots and a randomizer that completed a block (RCBD). The plants were sprayed three times during the early morning hours: the first after 45 days from their emergence, the second after 15 days of the first (tuber initiation stage), and the third after 15 days of the second (tuber bulking stage), following the different treatments. The traits that were studied were recorded after the experiment was concluded. Number of stems in the air. Plant-1, the number of leaves on each plant. Plant-1, the area of its leaf is cm². Plant-1, the marketable yield of tons.hectare-1, the percentage of total soluble solids (TSS) in the tubers using a Hand Refractometer, the percentage of dry matter in the tubers, and the percentage of protein in the tubers, all of which are related to the following equation:
Protein percentage = Nitrogen percentage × 6.25 (Rastovski and Vanesetal, 1987).
Table 1: Physical and Chemical Properties of Field Soil Samples
	PH
	EC
	OM
	N%
	P%
	K%
	Sand
	Silt
	Clay

	7.6
	3.3
	1.54
	0.34
	0.13
	1.02
	22
	54
	24


The samples were analyzed by the researcher.
Results and discussion

Number of aerial stems (plant stem-1)
The Fig 1  demonstrates a significant difference in the effect of the variety on the number of aerial stems at a probability of 0.05 and 0.01, the variety Arizona V2 had the highest number of aerial stems at 2.644 stems.plant-1, while the variety Bourin V5 had the lowest number at 1.367 stems.plant-1. The Fig also demonstrated a significant difference in the effect of the nano-fertilizer on the trait of the number of aerial stems, the concentration of 1 g.L-1 (N1) had the greatest effect on this trait, with a value of 2.147 stems.plant-1, but it did not significantly differ from the concentration of 2 g.L-1 (N2), which had 2.120 stems.plant-1. Significant discrepancies were also observed between the effect of the variety and the nano-fertilizer at the 0.05 and 0.01 probability levels, the Arizona variety with 2 g.L-1 (V2+N2) had the greatest value of 3.000 stems.plant-1, it was also the only one that recorded a value greater than 3.000, and the Rivera variety with no additional content had the lowest value of 1.133 stems.plant-1.


LSD 0.05 V=0.241 N= 0.107 V*N=0.292
LSD 0.01 V= 0.351 N= 0.146 V*N =0.398
Fig. 1 shows how the quantity of aerial stems on potato plants is affected by cultivar, nanofertilizer, and their interaction (stem.plant-1).



Number of leaves (leaf.plant -1)
Figure 2 demonstrates significant differences in the influence of the variety on the number of potato leaves at the probability levels of 0.05 and 0.01. The variety of Arizona (V2) had the greatest number of leaves, 59.53 leaves. Plant-1, and differed significantly from the Bourin variety (V5), which had 59.30 leaves.plant-1. On the other hand, the Rivera variety (V3) had the lowest recorded value of 39.20 leaves. plant-1. Additionally, the effect of the nano-fertilizer was significant at the probability levels of 0.05 and 0.01, with a concentration of 1 g. liter-1 (N1) having the highest value of 54.99 leaves.plant-1 compared to the control treatment, which had the lowest value of 47.86 leaves.plant-1.
While the results of the experiment showed significant differences between the effect of the variety and the nano-fertilizer, both varieties (Arizona +1g.L-1) (V2+n1) and (Borin+1g.L-1) (V5+N1) exhibited the highest value for the number of potato leaves, with 65.10 leaves per plant. Plant-1 While the Rivera V3 variety, without the addition of nanofertilizer, produced the lowest number of leaves at 31.25 leaves. Plant-1.

LSD 0.05    V=2.845       N=0.107      V*N= 3.956
LSD 0.01     V=4.140       N=2.301       V*N  =5.347
Fig. 2 shows how the number of leaves per potato plant is affected by cultivar, nanofertilizer, and their interaction (leaves.plant-1).

Leaf area (cm².plant⁻¹)
Figure 3 demonstrates that the variety's effect on leaf area is significant at the 0.05 and 0.01 probability levels, at these levels, the ArizonaV2 variety had the greatest effect, having a value of 10924 cm².plant -1.
While the concentration of the nano-fertilizer and the effect of variety and the nano-fertilizer were not significant in the trait of the leaf area of the potato plants at the probability levels of 0.05 and 0.01.

LSD  0.05     V=1716       N=N.S          V*N  =N.S
LSD  0.01       V=2498      N= NS      V*N  =NS
Fig. 3: How cultivar and nanofertilizer interact to affect potato plant leaf area (cm².plant⁻¹)

Marketable yield (ton.ha-1)
Figure 4 shows significant differences in the effect of variety on the harvestable weight of potatoes at the 0.05 and 0.01 probability levels, the variety Arizona V2 had the highest yield of 22.27 (ton.ha-1). Despite the fact that the Seira v4 variety produced the lowest yield, it was still able to produce 14.8 tons. Ha-1, no significant differences were observed for the effect of the nanofertilizer on the marketable yield at the probability levels of 0.05 and 0.01. Regarding the effect of the variety and the nano-fertilizer, significant differences were observed at the 0.05 and 0.01 probability levels, the variety (Arizona + 2g.L-1) V2+N2)) had the greatest effect on the marketable yield, it reached 24.93 tons.ha-1, while the variety Sifra v4 had no additional effects on the yield, it was 14.28 tons.ha-1.

LSD 0.05: V=2.23 N=N.S V*N= 3.00
LSD 0.01:V= 3.25 N=N.S V*N =4.06
Fig. 4: shows how the varieties and nano fertilizer effect the marketable yield of potato plants (ton.ha-1)
  
The percentage of total soluble solids in tubers (TSS)
Figure 5 shows no significant differences in the effect of the variety, nano-fertilizer, and their interaction on the percentage of soluble solids in potato tubers.




LSD 0.05 V=N.S N=N.S V*N=N.S
LSD 0.01 V= N.S N=N.S V*N= N.S
Fig. 5: The effect of cultivar and nanofertilizer and their interaction on the percentage of soluble solids in potato tubers.

The percentage of dry matter in the tubers
Figure 6 shows significant differences in the effects of variety on the percentage of dry matter in the tubers at the 0.05 and 0.01 probability levels, the Rivera V3 variety had a significantly higher percentage of 15.24%, and the Arnova V1 variety had a significantly lower percentage of dry matter at 13.51%. Similarly, regarding the effect of the nano-fertilizer, significant differences were observed in the percentage of dry matter in the tubers at the 0.05 and 0.01 probability levels, the highest concentration of 2 g.L-1 N2 led to a higher percentage of dry matter in the tubers of 14.66%, while the lowest concentration of 0 g.L-1 N0 led to the lowest percentage of dry matter in the tubers at 13.97%. However, the effect of the variety and the nano-fertilizer was not significant in the percentage of dry matter in the tubers at the 0.05 and 0.01 levels.

LSD 0.05     V=0.789        N=0.430       V*N= N.S
LSD 0.01     V=1.149        N=0.586       V*N= N.S
Fig. 6: The effect of cultivar and nanofertilizer and their interaction on the percentage of dry matter in potato tubers.
The protein content in the tubers
Figure 7 shows significant differences in the effect of variety on the protein content in potato tubers, the Bourin v5 variety had the greatest effect on the protein content of 13.57%, while the Sifra V4 variety had the lowest effect on the protein content of 11.58%.
For the effect of the nano-fertilizer, a significant increase in the protein content in the tubers was also observed at the probability levels of 0.05 and 0.01, the highest concentration of 2 g.L-1 N2 had a value of 13.16%, while the lowest concentration of 0 g.L-1 N0 had a value of 12.39%. The chart also demonstrates a significant difference in the effect of the variety and micro-fertilizer on the protein percentage in the tubers at the probability levels of 0.05 and 0.01, the variety (Bourin + 2 g.L-1) V5+N2)) had the highest protein percentage of 14.35, while the variety Sifra V4 had no additional content and had the lowest protein percentage of 11.02.
	
LSD 0.05   V=0.390            N=0.293        V*N=0.630
LSD 0.01    V=0.568           N= 0.400         V*N=0.850
Fig. 7: The effect of the variety and nano-fertilizer and their interaction on the protein content in potato tubers.

It is obvious from the above that the variety has a significant impact on vegetative growth indicators, this is attributed to the genetic diversity specific to each variety and their compatibility with the environmental conditions of their region, such as temperature, light intensity, and soil properties. This outcome is in agreement with the findings of Geremew( passam et al., 2007), who documented the existence of discrepancies between varieties regarding growth and yield, which were dependent on their genetic capacity and the environmental conditions during growth and production. It is evident from Figures 1, 2, and 3 that the Arizona variety significantly excels in vegetative growth traits (number of aerial stems per plant, number of leaves per plant, and leaf area per plant) compared to other varieties. This supremacy is likely attributable to the genetic differences between the varieties' genetic makeup, or the differences in hormones between the varieties (Saqr, 2009). Or it could be due to the environmental conditions' suitability for the superior variety, such as temperatures, which concords with what Mahmoud (2003) documented The increase in the vegetative mass (the number of aerial stems, the number of leaves, and the area of their leaves) leads to an increase in the dry matter content of the season, thus the economic gain is increased with this (Sahouki and Francis, 2004). Additionally, macro and micronutrients have an effect on critical processes within the plant, these processes increase the efficiency of photosynthesis and increase the metabolic activity of the cells. The crucial role of zinc in the creation of amino acid tryptophan is also significant in the process of cell division, this helped to enhance the plant's vegetative growth by increasing the number of stems and leaves (Fig. 1 and 2). Through the research, we can deduce the beneficial effects of nano-fertilizer on the traits studied, as it led to an increase in these traits. This is caused by the rapid entrance of nanoparticles into plant leaves through stomata, their increased ease of entrance, and their more efficient conversion into xylem and phloem tissue. Wang et al., (2013). The leaves' surfaces are highly porous on the nanometer scale, this is the primary way nutrients enter plants (Eichert and Goldbach, 2008). Nanofertilizers have unique benefits that are different from traditional fertilizers, the effectiveness of these benefits has been documented when used with various agricultural plants in terms of growth and productivity. This is caused by their smaller size and increased surface area, both of which lead to a larger absorption area and thus the capacity to enhance nutrient utilization efficiency through specific mechanisms, such as targeted delivery and slow or controlled release. This leads to an increase in the amount of photosynthesis and a higher production of nutrients in the plant ( Siddiqi and Husen, 2017; Sohair et al., 2018).
Additionally, iron oxide nanoparticles affect the activity of enzymes involved in the process of photosynthesis (Phogat et al., 2016). As a result, it has demonstrated its influence on the plant by increasing the area of the leaf, this in turn leads to an increase in the overall growth of the plant and a greater synthesis of chlorophyll (Barker and Stratton, 2015). Phosphorus is considered the second most important nutrient for plants after nitrogen. It functions as a molecule that transfers energy and is crucial to the processes of respiration, photosynthesis, nucleic acid biosynthesis, and energy production. Additionally, it is integral to the majority of components of plant cells, including phospholipids (Soliman et al., 2016).
Copper also leads to an increase in vegetative growth via its association with the structure of chloroplast proteins and its role in the electron transport chain that communicates the two systems of photosynthesis. The utilization of these materials that are produced by photosynthesis has a positive effect on the increase in vegetative mass (Abu Dahy and Al-Younis, 1988). Figure 4 demonstrates the superiority of the Arizona variety in terms of the amount of marketable produce in tons. Hectare-1, The cause may be that yield traits are derived from the genetic traits of the species (Mahmoud, 2003). Or the cause may be the environmental conditions' suitability, such as temperature, photoperiod length, or soil type, that make one variety more favorable than another. Perhaps the superior performance of the Arizona variety in regards to the trait of the number of aerial stems per plant, the number of leaves per plant, is responsible for the superior performance. The first plant and the area of its leaves are both considered. Plant-1, which led to an increase in the amount of marketable produce per hectare. This is in agreement with the findings of Zelelew et al., (2016) regarding the disparities between potato varieties regarding marketable yield. Also, potassium is involved in the regulation of osmotic pressure and the transport of photosynthetic compounds to storage organs (tubers), this increases the weight of the object and yields a beneficial harvest, which is in agreement with the findings of Wang et al., (2013).
The variety's effect is apparent in the majority of the studied qualitative traits of the potato plant. As can be seen in Figure 6, the Riviera variety has a higher percentage of dry matter in the tubers than other varieties. This discrepancy is caused by the genetic composition of these varieties. The variety's qualitative traits' variation is attributed to the variety's genetic makeup and the degree to which it adapts to its surroundings, as well as the availability of beneficial conditions for growth and metabolic processes. (Tigist et al., 2013) and (Mahmoud and Saleh, 2015) and (Tufenkci et al., 2012).
For the significant impact of the nanofertilizer on the studied quality traits, it is attributed to its utilization, which increases the rate of photosynthesis and the production of more dry mass (Qureshi, 2018). It's attributed to the significant role of boron in the life of the plant, due to its significant contribution to the majority of vital processes, including the transfer of sugars from their formation sites to the tubers, as well as its role in activating numerous enzymatic reactions, this increases the growth of the plant, expressed as an increase in dry matter. This is in agreement with what Omar et al., (1980) mentioned the superiority of the nanofertilizer at a concentration of 1 g.L-1 in increasing the percentage of protein in the tubers, this can be attributed to the role of potassium in causing many enzymes to activate, as well as its role in protein creation, in addition to its role in enhancing the plants' efficiency in absorbing nitrogen and subsequently forming the necessary amino acids for protein creation. Perrenoud (1977) documented that potassium has an effect on increasing the protein content of tubers. These findings are in agreement with those of Witek (1999) and Bahia (2001), who documented that the feeding of foliage to potato plants increased the percentage of protein in their tubers. Also, the results of Al-Zubaidi, (2004) who documented that the percentage of protein in sweet pepper fruit increased as the vegetative parts were sprayed with iron, zinc, and boron. Also, the role of zinc in protein creation has been documented through its association with the process of nitrogen transformation, as the association with RNA necessary for protein creation has been proven (Ahmed, 1967; Price et al., 1972; Abou-Dahab and El-Younes, 1988).
Other than its role in protein creation, manganese participates in the formation of ammonia from nitrates via a reduction process, this is followed by the addition of keto acids from the Krebs cycle, these acids combine with ammonia to form amino acids, which are the fundamental components of protein (Kabata and Pendias, 1992). Additionally, boron and copper are involved in the formation of proteins and nucleic acids, DNA and RNA (Passam et al., 2007).
The cause is also attributed to the function of molybdenum in the formation of proteins; it is considered the paramount to the biological way of dealing with nitrogen. The procedure of converting nitrates into ammonia involves the enzymes Nitrate reductase and Nitrogenase, this necessitates the presence of molybdenum, which is involved in their creation. Later, following the formation of amino acids, it is added to the protein creation process. The physiological effects of feeding" the plant" with nitrogen, phosphorus, potassium and Nano Elements have a positive effect on the growth and yield of potatoes. Phosphorus is considered the second most significant nutrient for potatoes after nitrogen, this is because it is involved in the transfer of energy and the creation of nucleic acids.(Mijwel and Ali, 2020)
Phosphorus facilitates the growth and development of roots, this increases the capacity of the soil to absorb nutrients. Phosphorus has the effect of enhancing the quality of tubers and increasing their solid content. The investigation concedes to (Mijwel and Jabbr,2019).
Conclusion
 The varieties differed in their response to the test, the Arizona variety had the greatest success in most of the studied indicators. As a result, this variety can be grown in the Babil district . A concentration of 2 g.L-1 of the nano fertilizer yielded the greatest results.
The most effective interaction (Arizona+2 g.-1) was recorded as it produced the greatest yield that was suitable for commercialization.
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