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ABSTRACT 

This study investigates the potential of polymer-encapsulated 

barium tungstate (BaWO4) nanoparticles (NPs) as an agent for 

promoting plant growth and suppressing fungal pathogens. 

BaWO4 nanoparticles were synthesized via a chemical route 

and coated with polyvinyl pyrrolidone (PVP) and polyethylene 

glycol (PEG) to enhance their stability and facilitate controlled 

release. The effects of the coated NPs on seed germination and 

early growth were evaluated in Phaseolus vulgaris and Linum 

usitatissimum, while antifungal activity against Fusarium 

oxysporum and Verticillium dahliae was assessed using the 

agar well diffusion method.. Characterization by X-ray 

diffraction confirmed the crystalline structure of the 

nanoparticles, with average crystallite sizes of 192 nm and 180 

nm for PVP and PEG-coated BaWO₄  nanoparticles, 

respectively. The polymer-coated BaWO4 NPs significantly enhanced seed germination and 

early seedling development in both plant species without exhibiting phytotoxic effects. 

Antifungal tests revealed that water-dispersed BaWO4 NPs exhibited a clear zone of 

inhibition (10.03 ± 0.15 mm) at 100 mg/mL, whereas DMSO-dispersed NPs showed 

negligible activity. These findings suggest that polymer-encapsulated BaWO4 nanoparticles 

have promising applications as nano-enabled fertilizers and antifungal agents in sustainable 

agriculture. 
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Phaseolus vulgaris and Linum usitatissimum. 

 

1. INTRODUCTION 

Nanotechnology has emerged as a transformative tool in modern agriculture, offering 

innovative solutions for crop improvement, disease management, and nutrient delivery. 

Nanomaterials, owing to their high surface area-to-volume ratio and tunable physicochemical 

properties, are increasingly utilized in the formulation of nanofertilizers and agrochemicals 

(Dhanya Raj et al., 2025). Among the various nanomaterials investigated, metal oxide and 

tungstate-based nanoparticles have attracted considerable interest due to their 

multifunctionality and cost-effective synthesis. The development of environmentally 

sustainable nanomaterials for enhancing plant productivity and managing pathogens is a 

growing focus in agricultural biotechnology (Golla Nagaraju et al., 2022). 

 

Barium tungstate (BaWO4), a p-type semiconductor, is known for its catalytic, optical, and 

electronic properties, and has been explored in various technological applications including 

microwave dielectric ceramics, oxygen carriers in syngas production, and photovoltaic cells 

(Jain et al., 2022). More recently, BaWO4 nanoparticles (NPs) have gained attention in 

biological applications due to their stability, dispersibility, and potential as carriers for active 

agents (Cao et al., 2014). To improve their compatibility with biological systems, surface 

modification using biocompatible polymers such as polyvinyl pyrrolidone (PVP) and 

polyethylene glycol (PEG) is frequently employed (Sherlin Vinita et al., 2022). These 

polymers enhance nanoparticle stability in aqueous media and facilitate controlled release, 

making them suitable candidates for agricultural applications (Dongxiao Cui et al., 2018). 

 

The application of nanomaterials in seed treatment and early plant development represents a 

promising approach to boost germination, nutrient uptake, and disease resistance. In this 

study, we selected Phaseolus vulgaris (common bean) and Linum usitatissimum (flax) (Fig 1) 

as model crops to evaluate the bioefficacy of polymer-coated BaWO4 nanoparticles. P. 

vulgaris is widely cultivated and consumed across continents as a high-protein food source 

and plays a crucial role in food security, particularly in developing countries (Banerjee and 

Rajeswari, 2024). The red kidney bean variety is one of the most common types, known for 

its nutritional richness and adaptability to diverse agroclimatic zones. 

 

Linum usitatissimum, commonly known as flax, is an ancient oilseed crop valued for its 

omega-3-rich oil and lignocellulosic fiber. It has been cultivated for thousands of years and 
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remains economically important in regions such as India, Canada, and parts of Europe (Dang 

et al., 2015). Its seeds are rich in alpha-linolenic and linoleic acids, contributing to its 

functional food and nutraceutical relevance (Hussain et al., 2016). However, both P. vulgaris 

and L. usitatissimum are susceptible to seed borne pathogens, including fungal infections that 

impact seed viability and early growth stages. 

 

In this study, we synthesized BaWO4 nanoparticles and functionalized them with PVP and 

PEG to assess their influence on seed germination, early growth parameters, and antifungal 

activity (F. oxysporum and V. dahlia). The novelty of this approach lies in combining 

growth-promoting and antimicrobial functionalities within a single nanoparticle platform, 

offering a dual benefit in agricultural biotechnology. The outcomes of this research may 

support the development of multifunctional nanobiomaterials for sustainable crop production 

and pathogen control. 

 

2 MATERIALS AND METHODS 

2.1 Materials 

Seeds of Phaseolus vulgaris (red kidney bean) and Linum usitatissimum (flax) (Fig 1) were 

procured from a local agricultural supplier in Coimbatore, Tamil Nadu, India. The fungal 

strain Fusarium oxysporum and Verticillium dahliae was kindly provided by the Indian 

Institute of Microbial Technology (IMTECH), Chandigarh, India. All analytical-grade 

chemicals and reagents, including polyvinyl pyrrolidone (PVP), polyethylene glycol (PEG), 

barium chloride (BaCl2), and sodium tungstate (Na2WO4), were purchased from Sigma-

Aldrich Chemicals (India) and used without further purification. 

 

2.2 Methods 

2.2.1 Synthesis of BaWO4 nanoparticles 

Barium tungstate (BaWO4) nanoparticles were synthesized using a modified microemulsion 

method as described by Cao et al. (2014). Briefly, 2 M sodium dodecyl sulfate (SDS) was 

added to a solvent mixture containing 20 mL of Tween-80 and 2 mL of hexane. This solution 

(designated as Solution A) was heated in a water bath at 70 °C for 1 hour to ensure micelle 

formation. Solution B was prepared by dissolving 0.4 M sodium tungstate dihydrate 

(Na2WO4·2H2O) in 0.6 mL of deionized water. Separately, Solution C was prepared by 

dissolving 0.4 M barium chloride (BaCl2) in a mixture of 0.564 mL deionized water and 

0.036 mL of 0.1 M hydrochloric acid to maintain acidic conditions. Solutions B and C were 

then sequentially added dropwise to Solution A under vigorous magnetic stirring, resulting in 
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the formation of a white precipitate indicating BaWO4 nanoparticle synthesis. The reaction 

mixture was continuously stirred for 15 minutes to ensure homogenous nucleation and 

particle growth. The resulting suspension was transferred into a ceramic crucible and 

subjected to thermal treatment in a hot air oven at 100 °C for 24 hours. Post-synthesis, the 

nanoparticles were allowed to cool to room temperature overnight. The synthesized BaWO4 

nanoparticles were harvested by centrifugation at 5000 rpm for 15 minutes. The collected 

pellet was washed thoroughly with ethanol five times to remove unreacted precursors and 

surfactants. The final product was dried and stored in airtight vials for subsequent 

characterization and application studies. 

 

2.2.2 Surface modification of BaWO4 with PVP and PEG 

For polymer encapsulation (Abdel Moamen et al., 2024), 10 g of purified BaWO4 

nanoparticles were dispersed in 100 mL of deionized water using a vortex mixer for 5 

minutes. Separately, 1% (w/v) solutions of polyvinyl pyrrolidone (PVP) and polyethylene 

glycol (PEG) were prepared by dissolving the respective polymers in 20 mL of formamide. 

The BaWO4 suspension was divided into two equal parts, and each part was added to the 

corresponding PVP or PEG solution. The mixtures were stirred vigorously on a magnetic 

stirrer for 30 minutes, followed by vortexing for an additional 15 minutes to ensure uniform 

coating. The resulting polymer-coated BaWO4 nanoparticles were collected by centrifugation 

at 5000 rpm for 15 minutes. The pellets were washed three times with methanol to remove 

excess polymer and formamide residues. The final PVP- and PEG-coated BaWO4 

nanoparticles were dried and stored under sterile conditions for subsequent analyses. 

 

2.2.3 Characterization of PVP and PEG coated BaWO4 nanoparticles 

FTIR analysis was performed to identify the surface functional groups and to confirm 

polymer coating on the BaWO4 nanoparticles. The spectra were recorded using an FTIR 

spectrometer in the range of 4000–400 cm⁻¹. This analysis also helped determine the 

biomolecular interactions responsible for nanoparticle stabilization and capping. The 

crystalline phase and structural characteristics of the nanoparticles were investigated using X-

ray diffraction analysis (Rigaku MiniFlex 600, Cu Kα radiation, λ = 1.5406 Å). The 

diffraction patterns were recorded over a 2θ range of 10°–80°. Crystallite size was estimated 

using the Debye–Scherrer equation. Elemental composition of the nanoparticles was 

determined using EDX analysis integrated with a scanning electron microscope. This 

technique confirmed the presence and relative abundance of barium (Ba), tungsten (W), and 
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oxygen (O) in the nanoparticle samples. The surface morphology, size distribution, and 

aggregation state of the nanoparticles were examined using SEM (JEOL JSM-6390). Samples 

were sputter-coated with gold prior to imaging to improve conductivity. SEM imaging also 

enabled visualization of polymer coating on the nanoparticle surfaces. These combined 

techniques provided comprehensive insights into the physicochemical characteristics of the 

BaWO4 nanoparticles and validated the effectiveness of the surface modification with PVP 

and PEG. 

 

2.2.4 Effect of polymer coated BaWO4 for Phaseolus vulgaris and Linum usitatissimum 

germination 

The influence of polymer-coated BaWO4 nanoparticles on seed germination and early plant 

growth was assessed using Phaseolus vulgaris (red kidney bean) and Linum usitatissimum 

(flax) as test species. Seeds were first surface-sterilized following the protocol of Mishra et 

al., (2025) with slight modifications. Briefly, seeds were wrapped in sterile muslin cloth and 

rinsed under running tap water for 5 minutes. Subsequently, they were immersed in 10% 

Tween-20 solution and stirred for 5 minutes to remove surface contaminants. The seeds were 

then rinsed thoroughly with sterile deionized water to eliminate residual surfactant. Further 

sterilization was performed by immersing the seeds in 70% ethanol for 2 minutes, followed 

by multiple washes with sterile deionized water to remove ethanol residues. After 

sterilization, seeds were carefully placed in sterile 90 mm × 15 mm Petri dishes containing 

four layers of tissue paper, moistened with sterile deionized water and trimmed to fit the 

plate. 

 

A series of nanoparticle treatments were prepared using PVP and PEG-coated BaWO4 

nanoparticles at five concentrations: T1 = 0.2 g/100 mL, T2 = 0.4 g/100 mL, T3 = 0.6 g/100 

mL, T4 = 0.8 g/100 mL, and T5 = 1.0 g/100 mL. For each treatment, P. vulgaris (12 seeds 

per plate) and L. usitatissimum (12 seeds per plate) were uniformly distributed using sterile 

forceps. One millilitre of the respective nanoparticle suspension was sprayed onto the seeds 

twice daily for seven consecutive days. The experiment was conducted in triplicate under 

controlled laboratory conditions. At the end of the experimental period, root and shoot 

lengths were measured, and mean values were recorded. Seed germination performance was 

evaluated using the germination index, which included the relative germination rate and 

relative root elongation, calculated as follows:  
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2.2.5 Determination of Antifungal Activity of polymer coated BaWO4 nanoparticle 

The antifungal activity of PVP and PEG-coated barium tungstate (BaWO4) nanoparticles was 

evaluated against Fusarium oxysporum and Verticillium dahliae using the agar well diffusion 

method, as described by Priyadharshan et al. (2025) with slight modifications. The fungal 

strain was cultured in nutrient broth at room temperature (25 ± 2 °C) for 24 hours to achieve 

optimal growth. Mueller Hinton Agar (MHA) plates were prepared and uniformly inoculated 

with the fungal suspension using sterile cotton swabs to ensure even distribution. Wells of 6 

mm diameter were aseptically punched into the agar using a sterile gel puncher. Each well 

was filled with 100 μL of PVP or PEG-coated BaWO4 nanoparticle suspensions at 

concentrations of 25, 50, 75, and 100 mg/mL. A 10 mg/mL amphotericin B solution served as 

the positive control, while sterile distilled water was used as the negative control. The plates 

were incubated at room temperature for 24 hours under sterile conditions. Following 

incubation, the diameter of the zone of inhibition around each well was measured in 

millimetres using a calibrated ruler. All assays were performed in triplicate, and the mean 

values were calculated to determine antifungal efficacy. 

 

3 RESULTS 

3.1 FTIR Analysis of polymerized BaWO4 

FTIR spectroscopy was employed to identify the surface functional groups and confirm the 

interaction between BaWO4 nanoparticles and the polymeric coatings (PVP and PEG). The 

characteristic absorption peaks are summarized in Table 1. The FTIR spectrum of PVP-

coated BaWO4 nanoparticles exhibited prominent peaks at 2924.09 cm⁻¹, corresponding to 

the asymmetric C–H stretching vibrations of aliphatic –CH2 groups, which is typical for the 

polyvinyl framework. A peak at 1689.64 cm⁻¹ was attributed to the stretching vibration of the 

C=O bond from the lactam ring of PVP, while 1597.06 cm⁻¹ reflected C=C stretching 

vibrations. Peaks at 1388.75 cm⁻¹ and 1080.14 cm⁻¹ are indicative of C–N and C–O 

stretching vibrations, respectively, confirming the presence of PVP on the nanoparticle 

surface (Fig 2). 
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Additional bands in the lower wavenumber region at 794.67 cm⁻¹, 516.92 cm⁻¹, 478.35 cm⁻¹, 

447.49 cm⁻¹, and 424.24 cm⁻¹ are attributed to Ba–O and W–O bonding vibrations, 

signifying the successful formation of BaWO4 crystalline framework. For PEG-coated 

BaWO4 nanoparticles, the absence of the 2924.09 cm⁻¹ band confirmed the lack of PVP 

residues. Similar to PVP-coated nanoparticles, strong peaks at 1689.64 cm⁻¹, 1597.06 cm⁻¹, 

1388.75 cm⁻¹, and 1080.14 cm⁻¹ were observed, indicating common structural features and 

confirming polymer interaction. A distinct absorption at 802.39 cm⁻¹ and 547.78 cm⁻¹ is 

likely associated with the –C–O–C– stretching of the PEG ether linkages, affirming its 

successful coating. The characteristic metal-oxygen bond vibrations (Ba–O and W–O) were 

also observed in PEG-coated samples at 516.92 cm⁻¹, 478.35 cm⁻¹, and 439.77 cm⁻¹, 

corroborating the structural integrity of the BaWO4 lattice (Fig 2). This observation aligns 

with findings by Abdel Moamen et al. (2024), who similarly reported distinct absorption 

bands, in the low-frequency region (~515–480 cm⁻¹) as signatures of metal–oxygen bonds in 

barium tungstate synthesized via a sol–gel route. These vibrations are indicative of the 

structural integrity of the BaWO4 framework and are consistent across different synthesis and 

modification approaches. 

 

3.2 EDX Spectrum of polymerized BaWO4 

The elemental composition of polymers coated BaWO4 and to confirm the purity of 

synthesised nanoparticle are studied using EDX. BaWO4 polymerized with PVP contains 

34.44% of Barium, 41.22% of Tungsten, 18.30% of Oxygen and 6.04% of Carbon. In case of 

BaWO4 polymerized with PEG it was found that Barium was present at 27.56%, Tungsten 

was present at 41.22%, Oxygen at 18.30% and Carbon was present at 19.66%. The energy 

dispersion in the EDX spectrum reflects the strong signals and high peaks of Ba and W and 

that confirms the nanoparticle is Barium tungstate. These results are in good agreement with 

the elemental trends observed by Hota et al. (2023), who emphasized that the EDX profiles of 

barium-based tungstates typically show a strong dominance of Ba and W peaks, confirming 

their stoichiometric incorporation into the tungstate framework. 

 

3.3 XRD Analysis of polymerized BaWO4 

The crystalline structure of the synthesized barium tungstate (BaWO4) nanoparticles coated 

with polyvinyl pyrrolidone (PVP) and polyethylene glycol (PEG) was investigated using X-

ray diffraction (XRD). Both samples exhibited characteristic diffraction peaks corresponding 

to the tetragonal phase of BaWO4, consistent with the standard JCPDS card No. 43-0646. 
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Prominent diffraction peaks were observed at 2θ values around 17.5°, 28.2°, 32.0°, 43.1°, and 

53.7°, which correspond to the (100), (112), (102), (114), and (204) planes, respectively, 

confirming the successful formation of crystalline BaWO4 (Fig 4). These characteristic 

reflections are in agreement with those reported by Zhou et al. (2005), who also identified the 

tetragonal scheelite-type BaWO4 phase during the synthesis of hollow nanospheres using a 

polymer micelle-assisted strategy. To evaluate the crystallite dimensions, the Scherrer 

equation was applied to the major diffraction peaks. The average crystallite size for PVP-

coated BaWO4 was estimated to be 192.02 nm, while that of the PEG-coated BaWO4 was 

slightly smaller at 180.49 nm. 

 

In both PVP- and PEG-coated samples, no additional impurity peaks were detected, 

indicating high phase purity. However, slight shifts in 2θ values and variations in full width at 

half maximum (FWHM) were observed between the two coatings, suggesting minor 

differences in crystallite size and strain, possibly influenced by the nature of the polymer 

capping agents. In our study, the (112) plane exhibited the highest intensity at ~28.2°, 

designating it as the preferred orientation for crystal growth, which is consistent with the 

dominant orientation observed in similar BaWO4 nanostructures by Zhou et al., (2005). The 

XRD peak broadening indicated nanoscale crystallinity, with sharper peaks observed in the 

PEG-coated sample, suggesting a marginal increase in crystallite size compared to PVP-

coated BaWO4. Overall, both PVP and PEG coatings did not alter the fundamental crystal 

structure but influenced the degree of crystallinity and peak intensity distribution of BaWO4 

nanoparticles. 

 

3.4 SEM Analysis of polymerized BaWO4 nanoparticle 

The surface morphology of BaWO4 nanoparticle coated with PVP and BaWO4 nanoparticle 

coated with PEG were observed under Scanning Electron Microscopy (SEM) under four 

different magnifications (Fig 5 & 6). The polymerized nanoparticle under four magnifications 

vividly indicated the nanoparticles were aggregated and ellipse shaped. Comparable 

morphological features have been reported by Oliveira et al. (2022) in their study of cobalt 

tungstate (CoWO4) crystals, where he observed irregular, anisotropic, and ellipsoidal 

morphologies influenced by reaction kinetics and synthesis conditions. 

 

3.5 Effect of polymerised BaWO4 Treatment on Phaseolus vulgaris and Linum 

usitatissimum Germination 

The influence of polymer-coated barium tungstate (BaWO4) nanoparticles on the seed 
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germination and early development of Phaseolus vulgaris and Linum usitatissimum was 

assessed through root and shoot elongation metrics under varying treatment concentrations. 

The results, summarized in Figure 7, demonstrate that polymerized nanoparticles did not 

exhibit adverse effects at lower concentrations and, in some cases, enhanced early plant 

growth compared to the untreated control. 

 

In Phaseolus vulgaris, root growth was largely unaffected or slightly enhanced at lower 

nanoparticle concentrations, particularly in treatments T1–T4. The maximum root length 

(14.73 ± 2.26 cm) was recorded for PEG-coated BaWO4 at T3 concentration, whereas the 

lowest root development (7.83 ± 1.09 cm) was observed with PVP-coated BaWO4 at T5 

concentration (Fig 8). Compared to the control (13.53 ± 2.98 cm), both PVP and PEG-coated 

nanoparticles supported comparable or slightly diminished root elongation at higher 

concentrations, indicating concentration-dependent phytotoxicity. In Linum usitatissimum, 

shoot and root elongation showed a concentration-dependent trend (Fig 9). PEG-coated 

BaWO4 nanoparticles consistently supported better shoot growth than PVP-coated ones. The 

highest shoot length (8.73 ± 1.20 cm) was observed in PEG-coated treatment (T3), exceeding 

the control (8.06 ± 0.51 cm). Root measurements followed a similar trend, with PEG-coated 

nanoparticles performing better across most concentrations compared to their PVP 

counterparts. However, at the highest concentration (T5), significant inhibition in root 

elongation (0.63 ± 0.70 cm) was recorded for PVP-coated nanoparticles. 

 

A similar trend was reported by Banerjee and Rajeswari (2024), where selenium 

nanoparticles synthesized using Moringa oleifera leaf extract significantly improved the 

morphological features of Phaseolus vulgaris. Their study highlighted increased chlorophyll, 

tannin, flavonoid, and phenol content in plants grown under selenium nanoparticle treatment, 

which correlated with improved growth parameters. The calculated germination indices 

supported these findings. Phaseolus vulgaris exposed to PVP- and PEG-coated BaWO4 

nanoparticles showed enhanced germination rates of 113.53% and 109.46%, respectively, 

relative to the control. For Linum usitatissimum, shoot elongation germination indices were 

119.04% (PVP) and 106.66% (PEG), while root elongation indices were 83.6% and 59.27%, 

respectively. These results suggest that both PVP and PEG-coated BaWO4 nanoparticles are 

effective in promoting early seedling growth at lower concentrations, with PEG-coated 

nanoparticles demonstrating better biocompatibility and reduced phytotoxicity. However, a 

concentration-dependent toxicity was observed, especially with PVP coatings at higher 
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levels. Based on the relative germination index, the observed toxicity ranking was PVP > 

PEG. 

 

3.6 Antifungal Activity 

The antifungal potential of PVP and PEG-coated barium tungstate (BaWO4) nanoparticles 

was evaluated against Fusarium oxysporum and Verticillium dahliae using the agar well 

diffusion method. Zones of inhibition (mm) at varying nanoparticle concentrations (25, 50, 

75, and 100 mg/mL) were measured and compared with the commercial antifungal agent 

Amphotericin B (10 μg/mL), used as a positive control (Fig 10).  

 

In the case of Fusarium oxysporum, both PVP and PEG-coated BaWO4 nanoparticles 

exhibited concentration-dependent antifungal activity. The maximum zone of inhibition was 

observed at 100 mg/mL for both coatings (15.16 ± 0.44 mm), which exceeded the inhibition 

produced by Amphotericin B (12.83 ± 0.44 mm). Even at the lowest concentration (25 

mg/mL), a moderate inhibition zone of 12.83 ± 0.44 mm was recorded for both polymer-

coated nanoparticles. For Verticillium dahliae, PEG and PVP-coated nanoparticles 

demonstrated comparable efficacy. At 75 mg/mL, PVP-BaWO4 nanoparticles produced the 

highest inhibition (14.00 ± 1.52 mm), closely approaching the effect of Amphotericin B 

(14.83 ± 0.44 mm). PEG-coated nanoparticles also showed consistent inhibition across all 

concentrations, with values ranging from 12.00 to 14.00 mm. However, a slight decrease in 

inhibition was observed at 50 mg/mL with both polymers. 

 

Priyadharshan et al. (2025), where BaWO4 nanoparticles synthesized using Citrus limon 

extract demonstrated significant antifungal and antibacterial activity. The authors attributed 

this to the generation of reactive oxygen species (ROS) and strong metal-oxide interactions 

with microbial membranes, a mechanism likely relevant to our polymer-functionalized 

nanoparticles as well. The antifungal capability of tungstate-based nanomaterials has been 

supported in previous reports. Waghchaure and Adole (2023) emphasized the broad-spectrum 

antimicrobial efficacy of plant-mediated metal and metal oxide nanoparticles, pointing out 

their potential as eco-friendly and efficient alternatives to synthetic fungicides. Although our 

nanoparticles were not biosynthesized, the inclusion of biocompatible polymers like PVP and 

PEG aligns with the trend toward safer nanomaterial development. 

 

Moreover, Thilagavathi et al. (2021) and Phuruangrat et al. (2009) highlighted the 

antimicrobial efficiency of WO4 and BaWO4 nanostructures, respectively, where structural 
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and surface modifications significantly influenced their bioactivity. This supports our 

observation that PEG-coated BaWO4 exhibited slightly higher or more consistent antifungal 

effects than PVP-coated samples, likely due to better surface interaction and polymer 

compatibility with biological systems. The antifungal performance was also influenced by 

particle size and morphology, as suggested by Li et al. (2006) and Parhi et al. (2008), who 

demonstrated that different synthetic routes leading to specific nanocrystal shapes and sizes 

could drastically alter the biological properties of BaWO4. Our SEM analysis showed 

ellipsoidal, moderately aggregated structures which may have facilitated enhanced fungal 

surface contact and activity. The results indicate that BaWO4 nanoparticles coated with PVP 

and PEG possess strong antifungal activity against both tested pathogens. At higher 

concentrations (75 and 100 mg/mL), their efficacy was comparable to or greater than that of 

the commercial antifungal agent. These findings suggest that polymer-coated BaWO4 

nanoparticles could serve as promising bioactive agents for fungal pathogen management in 

agricultural biotechnology. 

 

4. CONCLUSION 

This study successfully demonstrated the synthesis, polymeric surface functionalization, and 

multifunctional applications of barium tungstate (BaWO4) nanoparticles coated with 

polyvinyl pyrrolidone (PVP) and polyethylene glycol (PEG). Characterization through FTIR, 

XRD, SEM, and EDX confirmed the structural integrity, polymer interactions, crystallinity, 

and elemental composition of the coated nanoparticles. FTIR spectra verified distinct 

polymer-specific bonding, while XRD analysis confirmed the formation of a pure tetragonal 

BaWO4 phase in both PVP and PEG-coated samples. SEM observations revealed elliptical 

nanoparticle morphology with moderate aggregation, and EDX spectra validated the 

elemental purity of the samples. Biological assessments revealed that PEG-coated BaWO4 

nanoparticles exhibited superior biocompatibility and plant growth-promoting effects, 

particularly in enhancing root and shoot development in Phaseolus vulgaris and Linum 

usitatissimum. Conversely, PVP-coated nanoparticles showed a higher degree of 

concentration-dependent phytotoxicity at elevated doses. Germination indices further 

substantiated the favorable response of both plant species to low- to mid-range nanoparticle 

treatments, supporting their role as potential nanofertilizers. 

 

Antifungal studies indicated that both PEG and PVP-coated BaWO4 nanoparticles possess 

robust inhibitory activity against Fusarium oxysporum and Verticillium dahliae. At 
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concentrations of 75–100 mg/mL, the nanoparticles outperformed or matched the efficacy of 

amphotericin B, highlighting their potential as alternative biofungicidal agents in crop 

protection. Collectively, the results underscore the dual functionality of polymer-coated 

BaWO4 nanoparticles as plant growth enhancers and antifungal agents. Their 

environmentally friendly nature and efficacy at low concentrations make them attractive 

candidates for sustainable agricultural biotechnology. Future work should focus on field-scale 

validation, long-term ecotoxicological assessments, and the exploration of their molecular 

mode of action in plant-pathogen interactions. 
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FIGURES 

 

Fig. 1:  Phaseolus vulgaris(a) and Linum usitatissimum(b) seeds respectively. 

 

 

Fig. 2: FTIR Spectrum of polymers coated BaWO4 nanoparticles. 

 

 

Fig. 3: EDX spectrum of BaWO4 nanoparticle coated with polymers (a) PVP and (b) 

PEG. 
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Fig. 4: XRD patterns of polymer coated BaWO4 nanoparticle. 

 

  

  

Fig. 5:  Scanning electron microscope image of BaWO4 coated with PVP under different 

magnifications. 
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Fig. 6:  Scanning electron microscope image of BaWO4 coated with PEG under different 

magnifications. 

 

 

Fig. 7: Heatmap representation of plant growth responses to varying concentrations of 

PVP- and PEG-coated BaWO4 nanoparticles. Growth parameters include root length of 
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Phaseolus vulgaris (Pv_Root), and root and shoot length of Linum usitatissimum 

(Lu_Root, Lu_Shoot). Treatments (T1–T5) correspond to increasing nanoparticle 

concentrations (0.2–1.0 g/100 mL). Darker shades indicate higher growth values. The 

control represents untreated seeds. Each value is the mean of three replicates (± SD). 

 

 

Fig. 8: Seed germination of Phaseolus vulgaris using BaWO4 coated with (a) PVP (b) 

PEG. 

 

 

Fig. 9: Seed germination of Linum usitatissimum using BaWO4 coated with (a) PVP (b) 

PEG. 

 

 

Fig. 10: Comparative antifungal activity of PVP and PEG-coated barium tungstate 
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(BaWO4) nanoparticles against Fusarium oxysporum and Verticillium dahliae. Zone of 

inhibition was measured after 24 hours of incubation for nanoparticle concentrations of 

25, 50, 75, and 100 mg/mL. Amphotericin B (10 µg/mL) was used as the positive control 

(dashed lines). Data represent the mean values of triplicates. Both PVP and PEG 

coatings showed a dose-dependent inhibition with maximal activity observed at 100 

mg/mL, comparable to or exceeding the control.  

 

Table 1: FTIR Absorption Peaks (cm
-
¹) of Polymer-Coated BaWO4 Nanoparticles. 

Functional group and bond 
BaWO4 coated 

with PVP 

BaWO4 coated 

with PEG 

Aliphatic C-H 2924.09 - 

Carbonyl C=O 1689.64 1689.64 

Aromatic or alkene C=C 1597.06 1597.06 

Alkane/Nitrogen C–N or –CH2 1388.75 1388.75 

Ether/Alcohol C–O 1080.14 1080.14 

Ether linkage –C–O–C– - 802.39 

Metal–oxygen W–O or Ba–O 794.67  

Polymer–metal –C–O–M - 547.78 

Metal–oxygen W–O 516.92 516.92 

Metal–oxygen W–O 478.35 478.35 

Metal–oxygen Ba–O 447.49 439.77 

Metal–oxygen W–O (bending) 424.24 - 

 

Table 2: Elemental analysis through energy dispersion in the EDX spectrum. 

ELEMENT 
Atomic% Weight% 

Ba W O C Ba W O C 

BaWO4 coated with PVP 11.82 10.56 53.91 23.71 34.44 41.22 18.30 6.04 

BaWO4 coated with PEG 6.09 5.33 38.89 49.68 27.56 32.29 20.50 19.66 
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