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 Modern agriculture must boost food output sustainably, as conventional 
fertilizers cause soil damage, water pollution, and nitrate buildup in crops. In 
response, nano-fertilizers, especially those formulated with nitrogen, phosphorus, 
and potassium (nano NPK) are emerging as a more efficient and environmentally 
friendly alternative. This study explored how foliar-applied versus soil-applied 
nano NPK affects the growth, yield, and nutrient content of lettuce (Lactuca sativa 
L.), a fast-growing leafy vegetable with high nutrient demands. A greenhouse 
experiment was carried out during the 2022–2023 season at the Bakrajo 
Technical Institute using a randomized block design. Lettuce plants were treated 
with different concentrations of nano NPK via foliar sprays (0, 2, 4, and 6 g/L) and 
compared to soil applications of conventional NPK (30, 60, and 90 g per plant). 
Throughout the season, data were collected on plant growth, leaf traits, 
chlorophyll content, moisture, and nutrient levels. The results showed that 
moderate foliar applications of nano NPK, especially at 4 g/L, significantly boosted 
plant height, root development, total weight, and chlorophyll levels, often 
performing as well as or better than higher doses of conventional fertilizers. 
Additionally, nano treatments helped reduce nitrate buildup in leaves and 
maintained higher moisture content, which is valuable for fresh-market quality. 
On the other hand, soil-applied NPK was more effective at increasing dry matter 
and potassium uptake. These results reveal that nano NPK if applied in the correct 
dose and with the appropriate application technique, can promote the growth of 
healthier crops with fewer disadvantages to the environment. 
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1. Introduction

The production of more foods with fewer

resources while causing little disturbance to nature 

has become a major challenge for agriculture in 

recent times. While such fertilizers have increased 

yields, the misuse of fertilizers in the real sense of the 

word has also caused adverse effects like soil 

degradation, water contamination, nutrient 

imbalance, and greenhouse emissions (Zhang et al., 

2015; Aied et al., 2025). Among the most promising 

approaches are nano fertilizers and specially nano-

formulated nitrogen, phosphorous, and potash 

(Nano NPK) fertilizers, which have drawn interest 
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owing to their distinctive characteristics and 

potential applications in the complete 

transformation of crop nutrition (Liu & Lal, 2015; 

Kumar et al., 2025). 

Plant nutrients in the nano form are, in essence, 

nutrient particles engineered at the nanoscale, 

usually smaller than 100 nanometers, to exhibit 

increased reactivity, solubility, and bioavailability as 

compared to conventional fertilizers (Chhipa, 2017; 

Tofiq et al., 2021). These properties help maximize 

nutrient delivery to target sites as well as reduce loss 

by leaching or volatilization, thereby raising nutrient 

uptake by plants (Dimkpa & Bindraban, 2018). Foliar 

application of nano-NPK fertilizers, whereby 

nutrients are applied directly to the leaves, has 

demonstrated ample potential in increasing crop 

production, especially for fast-growing and nutrient-

demanding crops like lettuce (Lactuca sativa L.) 

(Subramanian et al., 2015; Helaly et al., 2021). 

Lettuce, having a short cycle of growth and 

characterized by its high-water content, is among the 

most consumed leafy vegetables (Mahmood & Abdel, 

2018). Being shallow-rooted and quick in its nutrient 

demands, lettuce is hence very quick to respond to 

fertilization (Ahmed et al., 2024). On the side, it is 

quite sensitive to the form, method, and time of 

nutrient application. Synergistically, the ability of 

nano NPK to release nutrients directly and 

efficiently, especially through the foliar route, can 

transform traditional methods of lettuce nutrition 

management. There are reports that confirm the 

application of nano fertilizers through foliar spray as 

beneficial to the leaf vegetables by enlarging leaf 

area, biomass, chlorophyll content, and quality 

parameters (Tarafdar et al., 2014; Uresti-Porras, 

2021; Semenova et al., 2024). 

Nevertheless, it is essential to acknowledge that 

foliar nutrients provide rapid responses and limited 

soil interaction, whereas nano NPK administration 

via soil is particularly effective in promoting root 

development and microbial interactions within the 

rhizosphere (Rastogi et al., 2017).  The essence of the 

argument centers on the inquiry: which application 

method, foliar or soil, is superior for enhancing 

nutrient uptake and improving output, particularly 

in actual agricultural settings? Prior research 

indicates that the efficacy of nano NPK fertilizers is 

contingent upon administration methods, plant 

species, and environmental circumstances (Duhan et 

al., 2017; Kah et al., 2018).   

If nano fertilizers can maintain or even increase 

yields with lesser fertilizer application, then the 

environmental benefits may become very 

pronounced. With the potential to reduce fertilizer 

input by 30–50% without dropping in productivity 

(Al-Khayri et al., 2023; Rajashekar and Armstrong,  

2024; Lata et al., 2025). 

The need for designing better fertilization 

technologies is becoming the soul of modern-day 

agriculture, with ever-increasing input costs and 

concerns for climate change dictating new 

paradigms for food production (Usman et al., 2020). 

In the case of lettuce, being very important in many 

local and global markets, it provides an excellent 

opportunity to study new fertilization technologies.  

Studying the comparative effects of foliar versus 

soil nano NPK is beyond a mere technical sphere; it 

instigates progress toward a sustainable future for 

nutrient management. Nano NPK, if delivered most 

efficiently, can, therefore, be implemented in 

agricultural systems to lessen their ecological risks 

while improving economic gains. The research is 

intended to study the effect of application methods 

of Nano NPK fertilizer (foliar and soil) on nutrient 

uptake, performance, growth, and yield of lettuce 

(Lactuca sativa L.). 

2. Material and Methods

The field experiment was established during the 

growing season of 2022-2023 in the greenhouses at 

Bakrajo Technical Institute, which is a part of the 

Sulaimani Polytechnic University. It is located at an 

altitude of 838 m.a.s.l. (Abdullah et al., 2015). The 

area is known for its temperate climate, with 

moderate temperatures and relative humidity.  

https://sjpas.univsul.edu.iq/article?id=1021
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Table 1. Soil traits of experimental site: Site 

Soluble 
K+ 

(mM.L-
1) 

Available 
p mgKg-1 

N 

mgKg-

1 

pH 

EC 
dsm-

1 

Clay 
gKg-1 

Silt 
gKg-1 

Sand 
gKg-1 

Properties 

0.29 31.2 0.14 7.1 0.34 421.1 457.6 121.3 Sample 
The soil analysis was conducted by the Directorate of the Agricultural Research Center in Sulaimaniyah.  

Before planting, the soil was analyzed, as presented 

in Table 1. 

2.1 Plant Material, Land Preparation, and Cultivation 

After germination and early growth, hybrid 

lettuce seedlings (Lactuca sativa L., cultivar Pito 

ZADEN) were transplanted on October 20, 2022, and 

planted along rows with a spacing of 40 cm between 

individual plants and 60 cm between rows. Weeds 

were controlled through manual hoeing and hand 

weeding as needed. The plants were regularly 

monitored throughout the growing season, and pest 

management measures were applied equally across 

all treatments whenever necessary. Harvesting took 

place between January 10 and January 20. 

The experiment relied on drip irrigation, which 

was applied one day prior to transplanting to 

moisten the soil. Irrigation scheduling was based on 

prevailing weather conditions, with the aim of 

maintaining adequate moisture levels in the root 

zone. 

The experimental layout consisted of four blocks 

(replicates), each comprising seven treatments. For 

this treatment evaluation, five plant samples from 

the various treatments were randomly chosen for 

data collection. The field data were recorded during 

the cultivation period based on visual observations 

and measurements pertaining to growth and yield 

parameters for research purposes. 

2.2 Experimental Design 

The study included two main factors: 

1. Nano foliar fertilization with balanced NPK 

(20-20-20) at four concentrations: 

▪ Control (no application) 

▪ Low concentration (2 g/L) 

▪ Medium concentration (4 g/L) 

▪ High concentration (6 g/L) 

2. Soil application of a balanced NPK fertilizer 

(20-20-20) was carried out using four 

different concentrations: 

• A low concentration (T1) of 30 g/plant. 

• A medium concentration (T2) of 60 g/plant. 

• A high concentration (T3) of 90 g/plant.  

The experiment was designed as a 4 × 4 factorial 

arrangement within a Randomized Complete Block 

Design (RCBD) with four replicates. 

2.3 Application of Treatments 

Foliar application of Nano NPK (20-20-20) 

fertilizer began in the third week after transplanting. 

Subsequent foliar sprays were applied in the fifth 

and seventh weeks, with a two-week interval 

between each application. A manual hand sprayer 

was used for all foliar treatments to ensure even 

coverage. 

In addition, soil application of the conventional 

balanced NPK (20-20-20) fertilizer was conducted 

biweekly for a total duration of six weeks. This 

approach was applied consistently across the 

designated soil-treated plots to evaluate the 

effectiveness of different application methods. 

2.4 Data Collection and Measurements 

Data collection was performed at the time of 

harvest. The following morphological and 

physiological parameters were recorded: 

• Plant height (cm) 

https://sjpas.univsul.edu.iq/article?id=1021
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• Chlorophyll content (spad) 

• Head diameter (cm) 

• Stem diameter (mm) 

• Leaf width (cm) 

• Leaf length (cm) 

• Leaf surface area(cm2) 

• Number of outer leaves 

• Number of inner leaves 

• Leaf moisture content (%) 

• Root length (cm) 

• Root fresh weight (g) 

• Fresh leaf weight (g) 

• Total plant weight (g) 

In addition to growth-related traits, the 

following chemical analyses were conducted to 

evaluate nutrient uptake: 

▪ Nitrogen (N)(%) 

▪ Phosphorus (P) (%) 

▪ Potassium (K) (%) 

▪ Nitrate content (NO₃⁻)(%) 

2.5 Statistical Analysis 

All recorded data were subjected to analysis of 

variance (ANOVA) appropriate for the RCBD design, 

as described by Stell et al. (1980). To compare 

treatment means, the Least Significant Difference 

(LSD) test was employed at a 5% level of 

significance. 

      

3. Results and Discussion  

The data from Table 2 reveal clear differences in 

how lettuce growth traits respond to foliar-applied 

Nano NPK compared to soil-applied conventional 

NPK. These findings reflect how nutrient delivery 

methods and concentrations can influence 

physiological growth patterns and overall plant 

development. 

Root length appeared to benefit most under the 

nano control treatment (14.91 cm) and the highest 

conventional NPK dose (90 gm, 14.5 cm), while the 

60 gm treatment showed a significantly shorter root 

length (12.58 cm). This suggests that moderate or 

well-regulated nutrient availability can promote 

optimal root elongation. In contrast, excessive soil-

applied nutrients may reduce root expansion, 

possibly due to feedback inhibition mechanisms. 

Nanoparticles are known to enhance nutrient 

absorption and movement within the plant, which 

could explain the better root performance at lower 

concentrations (Khodakovskaya et al., 2012). 

Concerning the root fresh weight, the maximum 

values were recorded in the treatments with 60 gm 

NPK and 2 gm nano (43.53 g and 41.43 g, 

respectively), with 6 gm nano showing a significant 

drop down to 30.50 g. This apparently signifies that 

low doses of nanoparticles could boost root biomass 

formation, just as do the high dosages of 

conventional fertilizers. Yet, a higher nanoparticle 

concentration could be counterproductive due to the 

emergence of toxicity or nutrient imbalance 

(Abbasirad  & Ghotbi-Ravandi, 2025). 

The stem diameter followed quite a similar 

trend. The 30 gm and 60 gm NPK treatments 

produced the thickest stems, on par with the nano 

control. But 2 gm nano treatment resulted in thinner 

stems (21.02 mm), indicating that at this dose the 

nutrients might not have been adequate to stimulate 

proper stem development. Such variation in the 

response corresponds with reports indicating the 

necessity of a judicious optimization of the nano-

fertilizer dose due to its narrow window range of 

efficacy (Rastogi et al., 2017). 

Plant height was generally taller in the nano 

treatments, particularly at 4 gm and 6 gm, as well as 

in the nano control. These plants grew over 33 cm 

tall and exceeded the 30 gm NPK group in 

performance (30.08 cm). This may be due to the 

faster and more efficient nutrient transportation by  

https://sjpas.univsul.edu.iq/article?id=1021


Maruf et al., / Sulaimani Journal for Pure and Applied Sciences Vol. 27 Issue 2 (2025) 115-126 

© 2025 University of Sulaimani. All rights reserved.   119 

nanoparticles, resulting in the accelerated shoot 

growth (Zhao et al., 2020). 

In terms of head diameter, the highest values 

belonged to the nano control and 60 gm NPK groups, 

with sizes beyond 39 cm. However, at the 6 gm nano 

dose, the head size significantly declined to 33 cm, 

indicating that going beyond the threshold 

nanoparticle concentration level could impair the 

head development. This may be related to oxidative 

stress or a hormonal imbalance triggered from 

overexposure to nanoparticles (Raliya et al., 2015).  

The weighted total plant production ranged in 

tandem with the dose-dependent effects. The highest 

call yield included 60 gm NPK (490 g) and nano 

control (484 g), with the 90 gm NPK also performing 

well. But at the 6 gm level, plant weight was 

decreased drastically (378 g), confirming that, when 

in excess, nano-fertilization actually harms biomass 

accumulation rather than helping it. These findings 

are consistent with studies advocating for low, 

precisely managed nano-nutrient applications to 

avoid antagonistic effects and ensure safe, effective 

use (Solanki et al., 2015). 

Taken together, the results demonstrate that low 

doses of foliar-applied nano NPK can match or even 

exceed the performance of traditional, soil-applied 

fertilizers in key lettuce growth parameters. Yet, the 

outcomes also highlight the importance of precision. 

Over-application of nanoparticles appears to reverse 

these benefits, underscoring the need for proper 

dosage calibration in nano fertilizer use (Servin et al., 

2015). 

The results in Table 3 reflect how differently 

lettuce plants respond to nano NPK applied via foliar 

spray compared to conventional NPK delivered 

through soil, specifically in terms of production traits 

such as leaf dimensions, leaf weight, and leaf count. 

Across treatments, leaf width did not show any 

statistically significant differences (P > 0.05), with 

values ranging narrowly between 9.62 cm and 10.7 

cm. Although the 90 gm NPK treatment recorded the 

highest width (10.7 cm), this was not significantly 

different from the nano treatments. This outcome 

suggests that leaf width may be relatively stable 

under varied nutrient sources and may not be the 

most sensitive trait to distinguish treatment 

efficiency. However, the consistent width across 

nano-treated plants also implies their adequacy in 

sustaining leaf development (Solanki et al., 2015). 

On the other hand, leaf area exhibited notable 

variation. The 60 gm NPK treatment produced the 

largest leaf area (5.556 cm²), significantly greater 

than all nano treatments and even the conventional 

30 and 90 gm groups. In contrast, nano treatments, 

particularly at 2 gm and 4 gm doses, showed 

markedly lower leaf areas (2.822 and 2.908 cm²). 

This may indicate that while nano-fertilizers can 

support linear growth (length and width), they 

might be less effective in promoting expansive leaf 

surface area—possibly due to the limited nutrient 

Table 2. Influence of Nano NPK via Foliar Spray Versus Soil-Applied NPK on Some Growth Traits of Lettuce.  

Treatments 

Traits 

Root 

Length 

(cm) 

Root fresh 

Weight (g) 

Stem 

diameter 

(mm)  

Plant 

Hight 

(cm) 

Head 

diameter 

(cm) 

Total plant 

Weight (g) 

Nano 

particles 

Control 14.91 a 35.53 ab 26.98 a 33.57 a 39.60 a 484.00 a 

2 gm 13.38 ab 41.43 ab 21.02 b 32.80 ab 38.80 a 420.00 ab 

4 gm 14.20 ab 33.83 ab 24.58 ab 35.20 a 36.40 ab 402.00 ab 

6 gm 13.26 ab 30.50 b 25.88 ab 35.28 a 33.00 b 378.00 b 

NPK 

30 gm 13.88 ab 39.93 ab 28.46 a 30.08 b 38.00 ab 434.00 ab 

60 gm 12.58 b 43.53 a 28.60 a 32.70 ab 40.40 a 490.00 a 

90 gm 14.50 ab 37.38 ab 24.58 ab 32.30 ab 41.20 a 478.00 a 

LSD 1.627 8.334 3.515 2.666 3.55 69.69 

Similar letters in the same column indicate no significant differences (P>0.05).  
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reservoir from foliar application compared to soil 

availability. Leaf area is directly related to 

photosynthetic capacity and is often enhanced when 

nutrient availability is continuous and systemic, as 

occurs in soil-based applications (Bielczynski et al., 

2017). 

Interestingly, leaf length remained statistically 

similar across all treatments, ranging from 23.26 to 

25.6 cm. This trait, much like leaf width, appears 

relatively insensitive to the nutrient source and 

method of delivery. It’s possible that length is 

governed more by genetic factors or water status 

than by macronutrient input (Rastogi et al., 2017). 

Wet leaf weight followed a slightly different 

pattern. While the 90 gm and 60 gm NPK treatments 

yielded the highest values (299.77 g and 296.04 g, 

respectively), these were not significantly different 

from nano or other conventional treatments. Even 

the nano control produced a relatively high wet leaf 

weight (285.07 g). These results highlight that foliar 

nano-NPK can sustain competitive leaf biomass 

production, particularly under moderate 

applications. Such efficiency is likely due to 

enhanced nutrient uptake at the foliar level, where 

nanoparticles penetrate cuticles and enter cells 

more efficiently than bulk particles (Khodakovskaya 

et al., 2012). 

Looking at the number of outer leaves, the 

highest values were found in the nano control and 90 

gm NPK treatments (16.6 and 16.4, respectively), 

although these did not significantly differ from most 

other treatments. However, the 30 gm NPK group 

showed a significantly lower number (12.6), 

suggesting that inadequate soil-based nutrient 

availability can constrain outer leaf development. 

Nano-fertilizers sprayed onto the foliage, even at 

lower doses, tend to maximize the growth of the 

outer leaves, possibly by making sure that the 

necessary N and K needed for leaf initiation and 

expansion are absorbed in time (Raliya et al., 2015). 

Regarding the number of inner leaves, the very high 

figures were observed in treatments with 60 gm and 

90 gm of NPK (both 16.4), and the lowest number of 

inner leaves was with the 6 gm nano (12.2), which 

may suggest either diminishing returns or some 

slight toxicity imposed by the higher doses of nano. 

Quite an opposite reaction in inner leaf number 

under the 6 gm nano treatment signifies that 

perhaps higher foliar concentrations might not 

effectively penetrate or could induce some local 

foliar stress, as was reported by Servin et al. (2015). 

In contrast, the balanced action of the nano control 

and 2–4 gm treatments would support the concept of 

using the lower doses of nanoparticles to assist 

internal leaf formation without burdening the 

system. 

These results highlight that foliar nano-NPK 

fertilizers are effective in sustaining many of the key 

yield-related traits in lettuce, such as leaf length, 

width, and wet weight, but may be less effective for 

traits heavily influenced by nutrient continuity, like 

leaf area and inner leaf proliferation. Conventional 

soil NPK, particularly at higher doses, remains 

superior for boosting total leaf expansion and 

density. This supports the idea of integrating nano-

fertilization with conventional methods for 

optimized productivity and sustainability in leafy 

vegetables. 

The findings in Table 4 provide insight into how 

the method and concentration of fertilizer 

application—whether nano-based via foliar spray or 

conventional NPK through soil—affect physiological 

content in lettuce plants. The measured traits 

include moisture content, dry matter percentage, 

and chlorophyll concentration, which are essential 

indicators of plant health, nutrient assimilation, and 

photosynthetic efficiency. 

Starting with moisture content, the highest 

values were recorded in the nano treatments, 

particularly at 4 gm (52.68%) and in the nano 

control group (52.58%), with no significant 

difference between them. These were notably higher 

than all conventional NPK treatments, especially the 

30 gm and 60 gm doses, which showed significantly 

reduced moisture contents (31.28% and 32.36%, 

respectively). 

https://sjpas.univsul.edu.iq/article?id=1021
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This suggests that nano-fertilizers—when foliar-

applied—help retain water within plant tissues 

more effectively than soil-applied NPK. The likely 

mechanism is the enhanced stomatal regulation and 

improved osmotic balance triggered by the small 

size and controlled release of nano-nutrients (Raliya 

et al., 2015). By contrast, soil-applied bulk fertilizers 

may lead to excessive salt buildup or osmotic stress, 

contributing to reduced water retention in tissues 

(Shalaby et al., 2016). 

In terms of dry matter content, the inverse trend 

was observed. The 30 gm and 60 gm NPK treatments 

recorded the highest dry matter percentages 

(68.72% and 67.64%, respectively), significantly 

surpassing all nano treatments. This is expected, as 

reduced water content often leads to concentration 

of structural and metabolic solids. These results 

imply that while nano-NPK helps maintain tissue 

hydration, it may not contribute as significantly to 

structural biomass accumulation compared to 

traditional soil-based fertilization. However, from a 

fresh-market perspective, moisture-rich lettuce is 

often preferred for texture and weight (Solanki et al., 

2015). 

Looking at chlorophyll content, one of the key 

indicators of photosynthetic capacity and leaf 

vitality, the highest values were observed in the nano 

control (22.70), 4 gm nano (21.70), and 6 gm nano 

(22.12) treatments. These were significantly higher 

than the 30 gm NPK treatment (14.92) and slightly 

higher than the 60 gm and 90 gm NPK treatments. 

This strongly supports the potential of nano-

fertilizers to enhance pigment synthesis and 

photosynthetic activity. Nanoparticles, particularly 

when absorbed via leaf surfaces, can improve 

nitrogen use efficiency and magnesium 

availability—both critical for chlorophyll 

biosynthesis (Khodakovskaya et al., 2012; Zhao et al., 

2020). 

Interestingly, while the 2 gm nano treatment 

showed slightly reduced chlorophyll levels (16.58), 

this may suggest an insufficient nutrient load to fully 

support pigment development at that dose. In 

contrast, mid-to-high nano dosages (4–6 gm) 

seemed to strike the right balance, enhancing 

chlorophyll while maintaining optimal moisture. 

This trend aligns with prior findings indicating that 

moderate nanoparticle concentrations can stimulate 

photosynthetic gene expression, whereas too little 

or too much can disrupt metabolic balance (Rastogi 

et al., 2017). 

Taken together, these results illustrate a 

complementary picture: Nano-fertilizers appear to 

support better hydration and chlorophyll 

accumulation, making them ideal for maintaining 

physiological quality and freshness in leafy 

vegetables like lettuce. Meanwhile, soil-applied 

Table 3. Influence of Nano NPK via Foliar Spray Versus Soil-Applied NPK on Some Production Traits of lettuce  

Treatments 

Traits 

leaf width 
(cm) 

Leaf Area 
(cm) 

leaf length 
(cm)  

Wet leaf wt. 
(g) 

Number of 
outer 
leaves 

Number of 
inner 
leaves 

Nano particles 

Control 10.24 a 4.51 b 25.33 a 285.06 a 16.60 a 14.80 ab 

2 gm 10.44 a 2.82 e 25.38 a 240.58 a 15.00 ab 13.80 ab 

4 gm 9.94 a 2.90 de 24.78 a 242.52 a 14.00 ab 13.40 ab 

6 gm 10.60 a 3.57 cd 25.60 a 237.85 a 15.00 ab 12.20 b 

NPK 

30 gm 9.68 a 4.20 bc 23.26 a 250.76 a 12.60 b 15.40 ab 

60 gm 9.62 a 5.55 a 23.90 a 296.03 a 13.80 ab 16.60 a 

90 gm 10.70 a 4.17 bc 25.06 a 299.76 a 16.40 ab 16.40 a 

LSD 1.314 0.494 1.766 49.417 2.944 2.886 

Similar letters in the same column indicate no significant differences (P>0.05).  
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Table 4. Influence of Nano NPK via Foliar Spray Versus Soil-Applied NPK on Some Plant Content of Lettuce.  

Treatments 
Traits 

Moisture % Dry matter % 
Chlorophyll 

content (spad) 

Nano particles 

Control 52.584 a 44.970 b 22.700 a 

2 gm 46.894 a 52.926 b 16.580 bc 

4 gm 52.682 a 47.318 b 21.700 a 

6 gm 50.664 a 49.336 b 22.120 a 

NPK 

30 gm 31.280 b 68.720 a 14.920 c 

60 gm 32.364 b 67.636 a 19.340 ab 

90 gm 48.672 a 51.328 b 21.700 a 

LSD 9.998 8.201 2.747 

Similar letters in the same column indicate no significant differences (P>0.05). 

conventional NPK is more effective in increasing dry 

matter, which may be advantageous for yield-

focused production systems. The evidence supports 

the idea of tailored fertilization strategies—possibly 

integrating both nano and conventional fertilizers—

to meet specific production goals (Servin et al., 

2015). 

The data in Figure 1 offer insights into how 

different fertilization methods—foliar-applied nano 

NPK versus soil-applied conventional NPK—affect 

the mineral nutrient accumulation in lettuce, 

specifically focusing on nitrate (NO₃⁻), potassium 

(K), phosphorus (P), and nitrogen (N). These 

nutrients are essential for plant metabolism, growth, 

and quality, and their distribution within plant 

tissues reflects both nutrient availability and uptake 

efficiency. 

Starting with nitrate (NO₃⁻) content, the lowest 

values were recorded in the nano control and 2 gm 

nano treatment (0.223 and 0.200, respectively), 

while significantly higher nitrate levels were 

observed in the 4–6 gm nano treatments and all NPK 

treatments (0.273–0.302). This suggests that lower 

doses of nano NPK reduce nitrate accumulation, 

which is considered beneficial from a food safety 

perspective. High nitrate levels in leafy vegetables 

like lettuce are often linked to health risks in 

humans, such as methemoglobinemia (blue baby 

syndrome) and potential carcinogenic effects 

(Santamaria, 2006). The efficient nutrient use 

associated with nano-fertilizers may reduce nitrate 

assimilation without compromising plant growth 

(Liu & Lal, 2015). 

In terms of potassium (K) content, a striking 

difference was observed. All nano treatments and 

most conventional NPK treatments showed 

relatively low K concentrations (0.072–0.120), 

except for the 60 gm NPK treatment, which had a 

significantly higher value (0.542). This suggests that 

soil-applied potassium at sufficient dosage ensures 

better systemic uptake, likely due to its higher 

mobility in soil water compared to foliar uptake 

efficiency. On the other hand, foliar-applied 

nanoparticles may require surface modification or 

formulation improvement to enhance potassium 

delivery (Subramanian et al., 2015). 

For phosphorus (P) content, values ranged 

narrowly from 0.458 to 0.509, with no significant 

differences among most treatments. The 60 gm NPK 

dose slightly outperformed others (0.509), which 

may reflect the sustained release of phosphorus 

from soil granules over time. However, the nano 

treatments—especially at 4 and 6 gm—maintained 

phosphorus levels on par with conventional 

fertilizers. This suggests that nanoscale phosphorus 

delivery is effective in maintaining adequate P levels, 

thanks to better leaf cuticle penetration and 

improved phloem mobility (Dimkpa & Bindraban, 

2018). 
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The most prominent trend was observed in total 

nitrogen (N) content. The lowest N values appeared 

in the nano control and 2 gm nano treatment (1.233 

and 1.360), while nitrogen increased significantly at 

higher nano doses (1.687–1.750) and peaked at 60 

gm NPK (1.873). These results reflect a dose-

dependent response in both delivery systems. High 

nitrogen content is generally correlated with 

increased protein synthesis and vegetative growth. 

The 4 gm nano treatment provided nitrogen levels 

comparable to high-dose conventional fertilizers, 

which indicates that moderate foliar application of 

nano-NPK is sufficient to meet nitrogen demands 

without risking over-fertilization (Parisi et al., 2015). 

Together, these results confirm the potential of 

nano NPK—especially at 4–6 gm doses—for 

improving nitrogen and phosphorus content 

efficiently while also reducing nitrate accumulation, 

a clear advantage from a consumer safety 

standpoint. However, for potassium uptake, 

conventional soil fertilization (particularly at 60 gm) 

remains more effective, likely due to the systemic 

movement and root uptake preference of K⁺ ions in 

plants (Wang et al., 2021). Therefore, a combined 

approach or formulation refinement may be 

necessary to maximize the mineral balance in leafy 

crops. 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion  

This investigation has shown that foliar 

application of nano NPK fertilizers, notably at 

the 4 g/L concentration, could greatly increase 

lettuce growth, yield, and physiological quality 

while reducing nitrate accumulation. In 

comparison to the soil-applied NPK fertilizers, 

nano fertilizers exhibited positive effects on 

height, chlorophyll content, and moisture 

retention of plants, thus contributing to fresh-

market quality and environmental 

sustainability. However, soil-applied NPK 

fertilizers performed better than nano fertilizers 

in the enhancement of dry matter and uptake of 

potassium, especially at the 60 g dose. The 

authors conclude that, therefore, an integrated 

or site-specific fertilization system that utilizes 

the advantages of both nano and conventional 

fertilizers can boost nutrient use efficiency and, 

in turn, promote sustainable crop production 

systems. 

 

 

Figure 1. Influence of Nano NPK via Foliar Spray Versus Soil-Applied NPK on Plant Mineral Content of 
Lettuce 
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