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Abstract 
The biosynthesis of zinc oxide nanoparticles (ZnO NPs) 

using plant growth-promoting rhizobacteria (PGPR) 

offers an environmentally acceptable and sustainable 

alternative to traditional chemical and physical 

synthesis methods. This work explores the production 

of ZnO NPs using PGPR isolated from the rhizosphere 

soil of two medicinal plants Curcuma longa (turmeric) 

and Zingiber officinale (ginger). The isolated PGPR 

were characterised by their plant growth-promoting 

features, including phosphate solubilization, cellulose 

degradation, zinc solubilization, indole acetic acid 

(IAA) synthesis and siderophore secretion.  
 

Additionally, the screened isolates were tested at 

various salt concentrations, ranging from 0.5% to 

7.5%, to assess their salt stress tolerance. The 

biosynthesis of ZnO nanoparticles using bacterial 

isolates was validated by visual monitoring of turbidity 

changes in reaction mixes containing zinc salts. The 

formation of turbidity suggested nanoparticle 

production. The present study demonstrates the 

successful production of zinc oxide nanoparticles (ZnO 

NPs) using plant growth-promoting rhizobacteria 

(PGPR) from Curcuma longa and Zingiber officinale.  
 

Keywords:  PGPR, Curcuma longa, Zingiber officinale, 

Biosynthesis, ZnO nanoparticle. 

 

Introduction 
Nanotechnology has gained traction in a variety of scientific 

sectors including agriculture, health and environmental 

sciences, with ZnO NPs being particularly recognised for 

their large surface area, catalytic effectiveness and 

antibacterial qualities. The biosynthesis of zinc oxide 

nanoparticles (ZnO NPs) by plant growth-promoting 

rhizobacteria (PGPR) is an environmentally friendly 

alternative to traditional chemical and physical synthesis 

processes, which frequently produce harmful byproducts. 

Several metabolic steps are involved in PGPR-mediated 

synthesis including the use of bacterial metabolites, enzymes 

and proteins as reducing and capping agents for zinc ions. 

The process begins with metal ion biosorption on the 

bacterial cell surface, followed by enzymatic reduction 

which results in nanoparticle nucleation and stability via 

bacterial proteins and polysaccharides.  

This green synthesis approach eliminates the need for harsh 

chemicals and high-energy inputs, making it a sustainable 

and environmentally friendly alternative9,10,16. 

Biosynthesised ZnO NPs have shown significant 

antibacterial activity in medical applications. These 

nanoparticles, known for their biocompatibility and 

powerful antibacterial activity, successfully battle clinical 

pathogens such as multidrug-resistant bacteria, making them 

intriguing candidates for novel antimicrobial therapeutics. 

Their mode of action involves breaking bacterial cell 

membranes, producing reactive oxygen species and 

interfering with DNA replication, suggesting a viable 

strategy for combating antibiotic resistance11,12,15.  

 

ZnO NPs have shown significant potential in drug 

delivery13. These biosynthesised nanoparticles have shown 

strong cytotoxic effects on HeLa cell lines, cervical cancer14 

and breast cancer treatment2 indicating their promise in 

cancer treatment. They are selectively harmful to cancer 

cells and have negligible effects on healthy cells. 

Furthermore, ZnO NPs manufactured in a green technique 

with Zingiber officinale (ginger) extracts use the plant's 

natural phytochemicals to decrease and stabilise zinc ions, 

resulting in nanoparticle formation5.   

 

The positive impacts of plant growth-promoting 

rhizobacteria (PGPR) on plant health, such as nutrient 

solubilization, phytohormone synthesis and biocontrol 

mechanisms, have been extensively researched through a 

variety of mechanisms, including phosphate solubilization, 

indole acetic acid (IAA) synthesis and siderophore secretion. 

These bacteria invade the rhizosphere and stimulate plant 

growth1,8. The potential of PGPR in the biosynthesis of metal 

oxide nanoparticles has also been investigated recently, 

offering an environmentally responsible and sustainable 

method of producing nanomaterials16. The utilisation of 

PGPR in the biosynthesis of zinc oxide nanoparticles (ZnO 

NPs) not only enhances the stability and functional 

properties of the nanoparticles but also contributes to plant 

growth and stress tolerance.  

 

Several PGPR genera including Bacillus, Pseudomonas, 
Azospirillum and Rhizobium, facilitate the synthesis of ZnO 

NPs, which play a crucial role in strengthening plant defence 

mechanisms. The combined application of ZnO NPs and 
PGPR has been shown to enhance antioxidant enzyme 

activities, including superoxide dismutase (SOD), catalase 

(CAT) and peroxidase (POD), thereby maintaining cellular 
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homeostasis and reducing oxidative damage under 

environmental stress conditions. In agricultural systems, this 

synergistic approach has demonstrated effectiveness in 

enhancing soil enzyme activity, optimising biochemical 

metabolism and improving plant resilience to abiotic stresses 

such as drought, heat and salinity. For instance, studies on 

wheat cultivated under saline irrigation have reported 

improved plant productivity and stress tolerance when ZnO 

NPs are applied in conjunction with PGPR4.  

 

Zinc oxide (ZnO) nanoparticles produced from plant extracts 

and plant growth-promoting rhizobacteria (PGPR) have 

shown great promise in agricultural applications. These 

biosynthesised nanoparticles act as nano fertilisers, 

promoting plant growth, boosting crop yields and improving 

disease resistance. One of their primary environmental 

benefits is increased nutrient uptake and efficiency, notably 

for zinc, an important mineral for plant metabolism. Field 

investigations have indicated that using these nanoparticles 

can boost agricultural yields by 15-25%, depending on the 

crop variety and weather conditions. Furthermore, their use 

stimulates better root development and biomass 

accumulation, which contributes to overall plant vitality.  

 

Furthermore, ZnO nanoparticles have antibacterial 

capabilities that aid in minimising pathogen incidence, 

particularly soil-borne plant diseases. These nanoparticles 

require lower application rates than conventional fertilisers, 

reducing potential environmental effects such as soil damage 

and nutrient runoff. Their incorporation into agricultural 

practices is especially beneficial for combating zinc 

deficiency in soils, a global problem that affects nearly half 

of cultivated lands. ZnO nanoparticles provide a long-term 

solution for boosting plant health and productivity by 

reducing biotic stress and increasing nutrient availability6. 

Overall, this eco-friendly and sustainable strategy presents a 

promising avenue for enhancing agricultural resilience while 

advancing the development of environmentally responsible 

nanotechnology.  

 

Recent research highlights the potential of biosynthesising 

zinc oxide nanoparticles (ZnO NPs) using Curcuma longa 

and plant growth-promoting rhizobacteria (PGPR) as an 

effective strategy for enhancing bioactive compound content 

and antibacterial properties in Curcuma longa3. 

Furthermore, the incorporation of ZnO NPs into plant 

cultivation has been shown to enhance growth parameters 

and modify bioactive component profiles, thereby 

improving the production of therapeutic compounds in 

Curcuma longa2. 

 

This study focuses on the biosynthesis of ZnO NPs using 

PGPR isolated from the rhizospheric soil of two medicinal 

plants, Curcuma longa (turmeric) and Zingiber officinale 

(ginger), both of which are widely recognised for their 
medicinal properties and significance in traditional 

medicine. The research aims to isolate and characterise 

PGPR from the rhizosphere, to assess their plant growth-

promoting traits and to evaluate their efficacy in ZnO NP 

biosynthesis.  

 

Additionally, the study examines the physicochemical 

properties of the synthesised ZnO NPs and explores their 

potential applications in agriculture and biomedicine.  

 

Material and Methods 
Collection of Soil Sample: Soil samples were collected 

from the rhizospheric region of medicinal plants in the 

Sangli district, Maharashtra. Two samples of Curcuma longa 

(Turmeric) were collected from Karandwadi (16°56’21.71” 

N, 74°27’30.83” E and 16°56’10.60” N, 74°27’52.54” E) 

and one sample from Kavathepiran (16°52’57.81” N, 

74°27’54.73” E). Samples of Zingiber officinale (Ginger) 

were collected from Burungwadi (17°01’71.71” N, 

74°51’24.539” N), Vasagade (16°58’40” N, 74°30’36” E) 

and Wangi (17°23’68.47” N, 74°43’25.944” E). The 

geographic coordinates were recorded using the Digital 

Compass application. According to  Garcia et al7, soil 

samples were taken from the rhizosphere at a depth of 

roughly 20 cm. After being promptly sealed, appropriately 

labeled and packed in sterile plastic bags, the samples were 

taken to the microbiology lab for additional examination. 

The following labels were applied to the soil samples: ginger 

samples (G1, G2, G3) and turmeric samples (T1, T2, T3). 

 

Physicochemical Analysis of Soil: The collected soil 

samples were analyzed for organic carbon, nitrogen, 

phosphorus, potassium and pH. Organic carbon was 

analyzed using the Walkley method19. Available nitrogen 

was analyzed using the Kjeldahl method. Available 

phosphorus was analyzed using Bray’s P-1 method. 

Available potassium was analysed using the ammonium 

acetate method and pH was measured using a digital pH 

meter. 

 

Plant Growth-Promoting Rhizobacteria (PGPR) 
Isolation: 1 g sample of soil was serially diluted up to 10⁻⁶ 

after being inoculated in 10 mL of sterile distilled water. 

Each diluted sample was scattered onto sterile nutrient agar 

plates in a 0.1 mL aliquot and the plates were then incubated 

for 24 hours at room temperature (R.T.). Eight colonies in 

all were chosen for additional research, purified on nutrient 

agar plates and then cultured in the same manner. The 

isolate’s morphological characteristics were documented. 

The biochemical characteristics of isolates were also 

examined for the amylase, caseinase, catalase and formation 

of hydrogen sulphide. 

 

PGPR screening 
a) Phosphate Solubilization: After being spot-inoculated, 

isolated colonies were cultured for 24 to 48 hours at R.T. 

Phosphate solubilization ability was demonstrated by the 

presence of a halo zone8. The following formula was used to 

determine the phosphate solubilization index (SI):  

 

S I = colony diameter + halo zone diameter/ colony diameter 



Research Journal of Chemistry and Environment__________________________________Vol. 29 (11) November (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/2911rjce018027        20 

b) Cellulose Degradation: For 48 hours, carboxymethyl 

cellulose agar was spot-inoculated with a loopful of bacterial 

suspension and incubated at room temperature. A clear 

hydrolysis zone around the colony suggested cellulose 

breakdown. The ratio of the hydrolysis zone diameter (D) to 

the bacterial colony diameter (d) was used to calculate the 

cellulase activity. 

 

c) Zinc Solubilization: The isolates were cultured for 48 

hours at room temperature after being inoculated into a 

minimum salt medium containing 0.1% zinc oxide. The 

development of a transparent halo zone indicated zinc 

solubilization18. 

 

d) Production of Indole Acetic Acid (IAA): Bacterial 

isolates were inoculated in a broth containing 5 millilitres of 

tryptone/peptone yeast extract and incubated for 72 hours at 

room temperature. Following incubation, 1.5 mL of the 

culture was centrifuged for 10 minutes at 12,850 × g. After 

adding 1 mL of Salkowski reagent (50 mL of 35% perchloric 

acid and 1 mL of 0.5 M FeCl₃ solution) to the supernatant, it 

was allowed to sit at room temperature in the dark for an 

hour. IAA production was denoted by a red coloring17. A 

standard curve with known IAA values (0–100 μg/mL) was 

used to calculate IAA concentrations. 

 
e) Production of Siderophores: Isolates were cultured at 

room temperature for 48 hours after being spot-inoculated 

onto Chrome Azurol S (CAS) agar plates. Siderophore 

production was indicated by the existence of a halo zone. 

 
f) Ammonia Production: After inoculating 4% peptone 

broth, isolates were cultured for 72 hours at room 

temperature. Nessler's reagent (1 mL) was added following 

incubation. Ammonia production was indicated by a yellow 

to brown precipitate8. 

 

Study on the effect of salt concentration on the growth of 

the isolates: The isolates were further tested for their 

reaction to environmental variables, including salt tolerance. 

The isolates were inoculated into nutrient broth enriched 

with 0.5%, 1.5%, 2.5%, 5.0% and 7.5% NaCl and incubated 

at R.T. for 24 hours separately. 

 

Extracellular nanoparticle synthesis:  Bacterial 

suspensions were inoculated into the nutrient broth and 

incubated at R.T. on a rotary shaker for 24 hours. The culture 

was centrifuged at 1000 rpm for 10 minutes and the 

supernatant was collected. Equal volumes of 0.250 mM zinc 

nitrate and zinc sulfate solutions were added. The mixture 

was incubated at R.T. for 24 hours until turbidity developed. 

The solution was centrifuged at 8000 rpm for 10 minutes, 

washed three times with double-distilled water and subjected 

to a final wash with 70% ethanol12. The purified sample was 

dried in an oven at 80°C. 
 

Statistical Analysis: All experiments were conducted in 

triplicate to ensure reproducibility. 

Results and Discussion 
Physicochemical characteristics of soil: The 

physicochemical analysis of soil samples collected from the 

rhizosphere of Curcuma longa (named as T1, T2, T3) (Table 

1) and Zingiber officinale (named as G1, G2, G3) (Table 1) 

from different sites revealed variations in soil pH, nutrient 

content and mineral composition. The soil pH ranged from 

7.19 to 8.12, indicating a slightly alkaline nature, especially 

in Curcuma longa samples. Potassium levels exhibited 

significant variation, whereas phosphorus and nitrogen 

levels were relatively lower in some samples, suggesting 

potential nutrient deficiencies. The soil pH ranged from 7.19 

to 8.12, indicating a somewhat alkaline environment.  

 

Among the macronutrients studied, nitrogen concentration 

was found to be highest in G1 (336 kg/h) and lowest in G3. 

Phosphorus levels were between 34 kg/h in T3 and 104 kg/h 

in T2. G3 had the highest potassium concentration (685 

kg/h), whereas G2 had the lowest (73 kg/h). Organic carbon 

content also varied, with the highest quantity found in G2 

(0.34%) and the lowest in G3 (0.14%). Micronutrient studies 

found significant differences in iron, manganese, zinc and 

copper levels. The maximum zinc concentration was 

detected in T3 (0.62 ppm), while the lowest was discovered 

in G3 (0.04 ppm) (Table 1). 

 

Isolation and Characterization of bacterial isolates: Eight 

bacterial isolates were obtained from the soil samples and 

characterized based on their morphological and biochemical 

properties. Variations were observed in colony 

characteristics, motility and enzymatic activities and 

hydrogen sulphide formation.  

 

a) Morphological Analysis: The bacterial colonies showed 

predominantly circular shapes with well-defined regular 

margins. Most isolates exhibited a moist consistency and 

their pigmentation ranged from off-white to translucent 

(Table 2). 

 

b) Gram Staining and Motility: The majority of bacterial 

isolates were characterized as Gram-negative rods. 

Additionally, three isolates, G12, G20 and G30, were 

identified as non-motile (Table 3). 

 

c) Biochemical Characterization: The biochemical 

characterisation of amylase, caseinase and catalase activity 

exhibited the absence of enzymatic activity and none of the 

isolates demonstrated the ability to produce hydrogen 

sulfide. 

 

Screening of PGPR Isolates 
Phosphate solubilization activity: The bacterial isolate’s 

capacity to promote plant development was assessed using a 

variety of functional screening assays. All isolates showed 

phosphate solubilization activity, with isolate T30 having the 

highest solubilization index of 13, followed by T11 of 8.33 

(Table 4, Photoplate 1, Figure 1).  
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Cellulose degradation: Cellulose breakdown was 

confirmed in isolate T30, as demonstrated by the clear zone 

(Photoplate 2).  

 

Zinc solubilization: Zinc solubilization was found in 

isolates G12, T20 and T30, resulting in distinct halos around 

the colonies (Photoplate 3). 

 
Indole acetic acid production: Colourimetric examination 

showed indole acetic acid (IAA) synthesis, with isolates G30 

and T12 having the highest quantities (Tables 5 and 6, 

Photoplate 4, Figure 2). 

Siderophore production: In addition, isolates G11, G12, 

T11 and T12 produced siderophores, indicating that they 

may play a role in increasing iron availability (Photoplate 5). 

Notably, none of the isolates produced ammonia, indicating 

a restricted role in nitrogen metabolism.  

 

Study on the effect of salt concentration on the growth of 

the isolates: All isolates exhibited moderate tolerance to 

salt, though their growth progressively declined at higher 

salt concentrations (Table 7) (Figure 3). 

 

Table 1 

Physicochemical characteristics of soil 

S.N.  Parameter Soil sample code 

G1 G2 G3 T1 T2 T3 

1.       pH 7.5 7.24 7.19 7.5 7.61 8.12 

2.       E. C. (mmhos/cm) 0.182 0.23 0.211 0.211 0.332 0.263 

3.       Nitrogen (kg/h) 336 328 255 276 296 313 

4.       Phosphorus (kg/h) 98 89 85 45 104 34 

5.       Potassium (kg/h) 94 73 685 282 672 242 

6.       Calcium (meq%) 20 22 16 14 19 19 

7.       Magnesium (meq%) 3 13 7 8 6 9 

8.       Free lime (%) 5.12 3.9 3.66 4.94 5.38 4.78 

9.       Organic Carbon(%) 0.32 0.34 0.14 0.15 0.2 0.3 

10.    Iron (ppm) 0.03 0.34 0.04 0.39 0.03 0.02 

11.    Manganese (ppm) 0.37 0.37 0.24 0.37 0.36 0.26 

12.    Zinc (ppm) 0.18 0.08 0.04 0.52 0.04 0.62 

13.    Copper (ppm) 0.06 0.37 0.07 0.11 0.05 0.05 

 

Table 2 

Morphological characteristics of screened bacterial isolates colonies 

S.N.  Isolate Size 

(mm) 

Shape  Margin Elevation Opacity Colour Consistency 

1 G11 2 Circular Regular Flat Transluscent Off White Moist 

2 G12 1 Circular Regular Flat Opaque Off White Moist 

3 G20 2 Circular Regular Flat Opaque White Moist 

4 G30 1 Circular Regular Raised Transluscent Colourless Moist 

5 T11 2 Circular Regular Raised Transluscent White Moist 

6 T12 2 Circular Regular Flat Opaque White Moist 

7 T20 1 Circular Regular Flat Transluscent White Moist 

8 T30 1 Circular Regular Flat Opaque White Moist 

 

Table 3 

Gram nature and motility of screened bacterial isolates 

S.N. Isolate Gram Nature Motility 

1 G11 Gram-negative short rods Motile 

2 G12 Gram-positive rods Non Motile 

3 G20 Gram-negative short rods Non Motile 

4 G30 Gram-negative short rods Non Motile 

5 T11 Gram-negative short rods Motile 

6 T12 Gram-negative rods Motile 

7 T20 Gram-negative short rods Motile 

8 T30 Gram-negative short rods Motile 



Research Journal of Chemistry and Environment__________________________________Vol. 29 (11) November (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/2911rjce018027        22 

 

 

 

Isolate G11 and G12 Isolate G20 and G30 

 

 

Isolate T11 and T12 Isolate T20 and T30 

Photoplate 1: Phosphate solubilization on Katznelson and Bose medium 

 

 
Photoplate 2: Cellulose degradation by isolates 

 
Photoplate 3: Zinc solubilization by isolates 

 

 
Photoplate 4: Indole acetic acid production by isolates 
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Figure 1: Graphical representation of the phosphate solubilization index of the isolates 

 

 
Figure 2: Graphical presentation of Standard IAA acetic acid 

 

Table 4 

Phosphate solubilization index of the isolates 

S.N. Isolate Colony 

diameter (mm) 

Zone diameter 

(mm) 

Phosphate 

Solubilization Index 

1 G11 3 9 4 

2 G12 3 11 6.66 

3 G20 3 12 7 

4 G30 3 12 7 

5 T11 5 10 8.33 

6 T12 6 9 7.5 

7 T20 3 6 5 

8 T30 2 12 13 

 

Table 7 shows the effects of various salt concentrations 

(0.5% to 7.5%) on bacterial isolates as assessed by optical 

density (OD) at 540 nm. The results show that when salt 

concentration increases, OD values decrease, indicating that 

bacterial growth is reduced owing to osmotic stress. G11, 

G12 and T12 demonstrated greater tolerance at lower salt 

concentrations but experienced a considerable drop in OD at 

7.5%. G20, T11 and T20 had lower OD values, indicating 
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lesser salt tolerance. Most isolates showed a significant 

decrease in growth at 5% and 7.5% salt concentrations, 

indicating their susceptibility to high salinity. 

 

Extracellular ZnO Nanoparticle Synthesis: The 

biosynthesis of ZnO nanoparticles using bacterial isolates 

was validated by visual monitoring of turbidity changes in 

reaction mixes containing zinc salts. The formation of 

turbidity suggested nanoparticle production. (Photoplate 6). 

 

Discussion 
The biosynthesis of zinc oxide nanoparticles (ZnO NPs) with 

plant growth-promoting rhizobacteria (PGPR) offers a 

sustainable, environmentally friendly method for 

nanoparticle production. The resulting crystalline, stable and 

antibacterial nanoparticles are suitable for agricultural and 

biological applications, with future research focusing on 

scalability and functional optimisation.

Table 5 

Indole acetic acid production standard  

S.N. Stock Distilled 

water 

Total conc. 

μg/ml 

O. D. at 540 

1.       1 9 10 0.06±0.325 

2.       2 8 20 0.15±0.214 

3.       3 7 30 0.23±0.265 

4.       4 6 40 0.33±0.215 

5.       5 5 50 0.36±0.258 

6.       6 4 60 0.39±0.214 

7.       7 3 70 0.39±0.364 

8.       8 2 80 0.46±0.254 

9.       9 1 90 0.48±0.214 

10.    10 0 100 0.5±0.215 

 

 
Photoplate 5: Siderophore production by isolates 

 

 
Figure 3: Effect of salt concentration on the growth of the isolates 
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Table 6 

Indole acetic acid production by isolates  

S.N. Isolate Concentration of Indole 

Acetic Acid μg/ml 

O. D. at 540 

1  G11 60 0.44±0.964 

2 G12 54 0.39±0.258 

3 G20 57 0.34±0.621 

4 G30 75 0.55±0.341 

5 T11 49 0.35±0.127 

6 T12 74 0.54±0.214 

7 T20 71 0.52±0.042 

8 T30 71 0.52±0.214 

 

Table 7 

Effect of salt concentration and graphical presentation 

S.N. Isolate Conc of salt in % and OD at 540  

0.5 1.5 2.5 5 7.5 

1 G11 0.37±0.254 0.32±0.324 0.29±0.365 0.22±0.325 0.12±0.325 

2 G12 0.39±0.351 0.35±0.215 0.35±0.985 0.23±0.214 0.13±0.145 

3 G20 0.17±0.258 0.21±0.324 0.25±0.248 0.13±0.352 0.03±0.254 

4 G30 0.3±0.124 0.3±0.201 0.27±0.365 0.19±0.562 0.08±0.321 

5 T11 0.24±0.324 0.18±0.210 0.16±0.125 0.08±0.321 0.03±0.225 

6 T12 0.4±0.236 0.38±0.362 0.35±0.365 0.18±0.124 0.09±0.332 

7 T20 0.27±0.415 0.26±0.254 0.37±0.215 0.14±0.254 0.01±0.254 

8 T30 0.38±0.245 0.32±0.215 0.28±0.124 0.2±0.124 0.04±0.215 

              *Note: ± indicates standard deviation 

 

 

 

  

 

 

Photoplate 6: Zn oxide nanoparticles synthesis- visual detection 

 

The study by Anand and Jayalakshmy6 explores the biogenic 

synthesis of ZnO nanoparticles using the aqueous root 

extracts of Zingiber officinale, which are rich in flavonoids. 

The resulting nanoparticles have an average size of 30-50nm 
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and a strong absorbance in the 1600-1450cm-1 range, 

making them an eco-friendly alternative to chemical 

synthesis.  

 

The study by Aldayel3 investigates the effects of zinc oxide 

nanoparticles on the bioactive component compositions of 

Curcumin longa, a plant species. The researchers treated C. 

longa leaves with different doses of ZnO NPs, resulting in 

increased levels of bisdemethoxycurcumin, 

demethoxycurcumin and curcumin in ethanolic extracts. The 

results showed that C. long ZnO-NPs displayed antibacterial 

activity against S. aureus and P. aeruginosa strains, but little 

against E. coli. Time-kill studies showed that ZnO-NPs at 4 

MIC killed P. aeruginosa, A. baumannii and Bacillus sp. 

after 2 hours. The strongest antibacterial activity was 

observed with the extract from plantlets grown without 

nanoparticles.  

 

The study by Alharbi et al4 found that combining PGPR and 

ZnO-NPs effectively protected wheat plants from saline 

water irrigation by increasing antioxidant enzyme activities 

and K+ uptake. This led to a significant reduction in 

electrolyte leakage, proline, MDA and H2O2 levels, 

increased N uptake and increased soil urease and 

dehydrogenase activity. 

 

Conclusion 
The current study demonstrates the successful production of 

zinc oxide nanoparticles (ZnO NPs) using plant growth-

promoting rhizobacteria (PGPR) from Curcuma longa and 

Zingiber officinale. The microbial-mediated synthesis of 

ZnO NPs provides an environmentally acceptable, cost-

effective and long-lasting alternative to traditional chemical 

and physical processes. The synthesised nanoparticles had 

promising physicochemical properties indicating possible 

uses in agriculture, medicine and environmental 

remediation. Furthermore, the involvement of PGPR in 

improving plant health and nanoparticle stability emphasises 

the importance of microbial nanotechnology.  

 

Future studies should concentrate on optimising synthesis 

parameters and investigating the molecular elements of 

microbial nanoparticle production for large-scale 

applications. This study highlights the potential of PGPR 

isolates from the rhizosphere of Curcuma longa and 

Zingiber officinale in promoting plant growth and 

biosynthesising ZnO nanoparticles. The isolates exhibited 

significant phosphate solubilization, IAA production and 

zinc solubilization abilities, demonstrating their relevance in 

sustainable agriculture and nanotechnology. Ongoing 

research focuses on nanoparticle characterisation and their 

potential applications in soil health improvement and eco-

friendly agricultural practices. 
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