“Neem-Mediated Synthesis of Silver and Zinc Oxide Nanoparticles for Growth Promotion and Phomopsis Blight Management in Brinjal”

Abstract
Brinjal (Solanum melongena L.) is one of the most important vegetable crops of the Solanaceae family, valued for its nutritional and medicinal properties but severely affected by Phomopsis blight, causing heavy yield losses. The present study evaluated the efficacy of green-synthesized silver (Ag) and zinc oxide (ZnO) nanoparticles from neem leaves, along with plant extracts and fungicide, on seed germination, seedling mortality, and growth parameters of brinjal under field conditions during 2022–23 and 2023–24. Results revealed that all treatments significantly improved germination, shoot and root length, as well as fresh and dry biomass compared to control. Among treatments, Ag NPs @100 ppm (T3) consistently performed best, recording maximum germination (96%), longest shoot (62.10 cm) and root length (29.06 cm), highest shoot fresh weight (96.37 g) and root fresh weight (15.80 g), and maximum dry biomass, showing substantial increases over control. ZnO NPs @100 ppm (T6) ranked second, followed by Ag and ZnO NPs @75 ppm, while fungicide (SAAF) showed moderate effects and plant extracts were least effective. The findings highlight the superior potential of green-synthesized nanoparticles as eco-friendly alternatives to chemical fungicides for enhancing growth and vigor of brinjal plants.
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Introduction
Brinjal (Solanum melongena L.), commonly referred to as eggplant or aubergine, is a significant vegetable crop belonging to the Solanaceae family, with India serving as the primary center of genetic diversity for this species. Within the Solanaceae family, brinjal holds considerable economic significance, ranking as the fifth most commercially important crop after potato, tomato, pepper, and tobacco (Taher et al., 2017). 
India continues to maintain its position as a leading global producer of brinjal, generating approximately 13.44 million metric tonnes (MMT) annually. West Bengal emerges as the predominant producing state, contributing 30% of the national output equivalent to 3.8 MMT, while other significant contributors include Odisha (1.4 MMT), Gujarat (1.2 MMT), and Madhya Pradesh (0.9 MMT) (Statistics horticulture, 2018).
The medicinal value of brinjal has been recognized in traditional healthcare systems, where it is specifically recommended for patients suffering from various ailments including diabetes, asthma, cholera, and bronchitis (Guillermo et al., 2014). Additionally, brinjal demonstrates a rich nutritional profile, containing essential vitamins and bioactive compounds with vitamin content per 100 grams of fresh fruit including β-carotene at 34 mg, riboflavin at 0.05 mg, thiamine at 0.05 mg, niacin at 0.5 mg, and ascorbic acid at 0.9 mg (Kandoliya et al., 2015).
Despite its economic importance , the vegetable crop experiences substantial economic losses due to various pathological constraints, with Phomopsis blight, caused by Phomopsis vexans (syn. Diaporthe vexans), representing one of the most severe diseases that devastatingly affects both foliage and fruits, resulting in significant reductions in yield and quality (Thompson et al., 2011). Mahadevakumar and Janardhana (2016) documented the disease symptoms as initially appearing as minute, sunken lesions with brownish borders that subsequently expand and unite, resulting in comprehensive fruit deterioration and desiccation.
Effective chemical management remains a cornerstone in the integrated control of Phomopsis blight of brinjal. Ekka et al. (2018) assessed fungicide effectiveness against P. vexans under laboratory and field conditions, finding that Saaf (Carbendazim 12% + Mancozeb 63% WP) at 0.25% completely inhibited mycelial growth in vitro.
The potential of botanicals for managing Phomopsis blight in brinjal has been extensively studied due to their eco-friendly, biodegradable properties and suitability for integrated disease management. Kuri et al. (2010) found that foliar extracts from neem and sponge gourd demonstrated nearly complete suppression of P. vexans mycelial growth, achieving 99% inhibition rates. Lakshmi Nair (2011) observed significant suppression of P. vexans mycelial development when treated with 30% concentration of both Ocimum tenuiflorum and neem leaf extracts, demonstrating their effectiveness as antifungal agents.
Traditional fungicide use poses environmental and health risks, necessitating sustainable alternatives. Plant-derived botanicals, particularly when enhanced through green synthesis of antimicrobial nanoparticles, offer eco-friendly disease control with prolonged protection and reduced chemical dependency. Iravani (2011) provided a comprehensive review of green nanoparticle synthesis using plants, explaining its advantages over chemical methods.
Ramteke et al. (2013) reported the eco-friendly synthesis of silver nanoparticles (Ag NPs) using aqueous leaf extract of Ocimum sanctum (Tulsi). Ahmed et al. (2016) synthesized silver nanoparticles using Azadirachta indica aqueous leaf extract. Priyadarshini et al. (2019) synthesized AgNPs using aqueous leaf extracts of Azadirachta indica (neem) and Ocimum sanctum (tulsi) as reducing and stabilizing agents. Irfan et al. (2021) confirmed the green synthesis of silver and zinc oxide nanoparticles using Moringa oleifera gum as a natural reducing and stabilizing agent.
Prasad et al. (2017) found that phytogenic silver nanoparticles (Ag NPs), synthesized from Stevia rebaudiana extract, exerted size-dependent effects on the germination, growth, and biochemistry (e.g., chlorophyll, protein) of rice, maize, and peanut crops. Gomaa et al. (2021) found that neem-derived silver nanoparticles (800 µL L⁻¹) completely prevented Fusarium oxysporum f. sp. lycopersici growth and spore formation in laboratory conditions. In plants, this treatment reduced Fusarium wilt disease while improving plant growth and biomass. Zhao et al. (2022) demonstrated that metallic nanomaterials, particularly silver and copper oxide nanoparticles, effectively enhance crop stress resilience by inducing controlled stress responses that activate endogenous defense mechanisms. Abdelaziz et al. (2023) demonstrated that AgNPs (MIC: 0.125 mM) significantly suppressed Fusarium oxysporum infection, reducing disease severity to 20.8% and providing 75% protection.
2. Materials and methods
2.1 Experimental site
The present investigation was carried out during 2022-23 and 2023-24 in the laboratory of Department of Plant Pathology and Student Instructional Farm (SIF) ,Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, 208002 (Uttar Pradesh).
2.2 Isolation and purification of the pathogen (Phomopsis vexans)
Diseased tissue samples (2-3 mm) from areas adjacent to healthy tissue were collected, washed with tap water, and surface-sterilized using 1% sodium hypochlorite for 30 seconds under aseptic conditions in a laminar flow hood. Samples were then rinsed three times with distilled water to remove chemical residues and cultured on PDA medium at 25±1°C. The isolated pathogen was purified through single-spore isolation and identified based on morphological and cultural features according to Johnston and Booth (1983). Pure cultures were maintained on PDA slants at 28±1°C, sub cultured every 15 days, and stored at 4°C for further experiments.
2.3 Green synthesis of Silver (Ag) and Zinc oxide (ZnO) nanoparticles (NPs)
Fresh neem leaves (50 g) were collected from C.S.A.U.A&T campus, washed with distilled water, shade-dried for 20-30 minutes, macerated into a fine paste, and heated with 200 mL water at 80-90°C for one hour before filtering through Whatman No.1 filter paper. For silver nanoparticle synthesis, the neem extract served as capping and reducing agent with 0.2 M AgNO₃ solution (200 mL) as precursor, stirred at 60°C and 800 rpm for one hour while adding 0.2 N ammonium hydroxide to maintain pH around 10, with yellowish color change indicating nanoparticle formation. For zinc oxide nanoparticles, 40 mL neem extract was mixed with 70 mL distilled water and 5g zinc nitrate hexahydrate to prepare 0.2 M solution, stirred at 60-70°C and 1000 rpm for one hour with dropwise addition of 0.2 N NH₄OH, showing color change from yellowish to brownish indicating zinc hydroxide nanoparticle formation. Both solutions were centrifuged at 10,000 rpm for 20 minutes, washed three times with distilled water, and stored at 4°C in deionized water before characterization (Ahmed et al., 2016; Suresh et al., 2015; Senthilkumar et al., 2017).
2.4 Plant Extracts
Fresh leaves of Neem were collected from C.S.A.U.A. & T campus, washed with tap water followed by thrice washing with sterile distilled water. Fifty grams of leaves were homogenized with 200mL sterile distilled water using a high-speed blender for 3-5 minutes, then filtered through double-layered muslin cloth and Whatman No. 1 filter paper to obtain clear crude extract. The extract was stored at 4°C in amber bottles and contained approximately 0.5-1% (w/v) active phytochemicals equivalent to 5,000-10,000 ppm (Isman, 2006; Prakash & Rao, 2018).
2.5 Seeds and Seedling Treatment
Seeds were soaked in various concentrations of green-synthesized Ag and ZnO nanoparticles from neem leaves, neem leaf extracts, standard fungicide, or sterile distilled water (control) for one hour, then shade-dried before sowing in sterilized soil: FYM (4:1) mixture in plastic trays covered with black sheets and maintained in dark conditions. Germination percentage was calculated after 14 days using the standard formula 
While Seed mortality percentage was determined as: Mortality % = 100 – Germination%. Seedling treatment was performed at 25-35 days after sowing when seedlings developed 4-6 true leaves by dipping them in the same treatment solutions for one hour before transplanting to field.
2.6 Details of treatments
The experiment was conducted in Randomized Block Design (RBD) with 11 treatments and 3 replications during Kharif season of year 2022-23 and 2023-24 using Kalyanpur Type-3 variety of Brinjal with 75×60 cm spacing. 
List 1 : The details of various treatments 
	Sr. No. 
	 Treatment details

	T1
	Seedling treatment + 3 Foliar sprays of green synthesized Ag NPs from neem leaves  @ 50 ppm

	T2
	Seedling treatment + 3 Foliar sprays of green synthesized Ag NPs from neem leaves  @ 75 ppm

	T3
	Seedling treatment + 3 Foliar sprays of green synthesized Ag NPs from neem leaves  @ 100 ppm

	T4
	Seedling treatment + 3 Foliar sprays of green synthesized ZnO NPs from neem leaves @ 50 ppm

	T5
	Seedling treatment + 3 foliar spray of green synthesized ZnO NPs from neem leaves  @ 75 ppm

	T6
	Seedling treatment + 3 foliar spray of green synthesized ZnO NPs from neem leaves  @ 100 ppm

	T7
	Seedling treatment  + 3 foliar spray with neem leaf extract @250 ppm

	T8
	[bookmark: _GoBack]Seedling treatment + 3 foliar spray with  neem leaf extract @500 ppm

	T9
	Seedling treatment + 3 foliar spray with neem leaf extract @750 ppm

	T10
	Seedling treatment + 3 foliar spray of fungicide(SAAF) @1000ppm

	T11
	Control



2.7 Observations recorded
Random sampling technique was adopted for recording the observations on growth, yield due to effect of inducer described as follows:
· Germination per cent recorded at 14 days after sowing.
· Length of shoot and root recorded at 10, 20, 30 and 40 days after transplanting (cm).
· Weight of fresh shoot and root, weight of dry shoot and root has been taken on 40 days after transplanting.
2.8 Statistical analysis
	Each treatment was replicated thrice and the values are means ± SE. The data were computed using SPSS software version 21.
3. Results and Discussion
3.1 Comparative evaluation of different concentrations of synthesized Silver(Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves , leaf extracts and  fungicide on germination and seedling mortality of brinjal.
The data from Table 1 shows that all treatments significantly improved brinjal seed germination compared to control during 2022-23 and 2023-24. The highest germination was achieved by T3 with 96.67% and 96.00%, followed by T6 with 93.33% and 92.67% respectively. T2 and T5 recorded 90.00-90.67% and 89.33-90.00% germination respectively. The fungicide treatment T10 showed 86.67% and 86.00% germination. Correspondingly, T3 exhibited minimum mortality (2.00-3.33%) followed by T6 (6.67-7.67%). Plant extracts were less effective than nanoparticles and fungicide but superior to control. The control treatment T11 recorded lowest germination (40.00-40.67%) and highest mortality (56.33-60.00%). All treatments were statistically significant compared to control for both germination and seedling mortality parameters. Similar findings were observed by Banerjee et al., (2014); Anusuya and Banu (2016) who reported role of nanoparticles in enhancing germination percentage. Kuri et al., (2011) assessed twelve water-based plant extracts and found that plant extracts enhanced seed germination to 92% compared to the untreated control. 
3.2 Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and fungicide as inducer on plant growth parameters of brinjal under field conditions during 2022-23 and 2023-24
Shoot Length: 
The data presented in Table 2 shows that T3 achieved maximum shoot length of 49.63 cm and 62.10 cm at 40 DAT during 2022-23 and 2023-24 respectively, representing 51.63% and 86.32% increase over control. The progressive growth pattern showed consistent superiority at all measurement intervals (10, 20, 30, and 40 DAT). T6 followed closely with 48.30 cm and 54.77 cm, showing 47.57% and 64.33% increase over control. The fungicide treatment T10 recorded moderate increases of 34.45% and 48.30% over control, demonstrating that while chemical treatments provide benefits, nanoparticles offer superior growth enhancement. Plant extracts (T7, T8, T9) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of their nanoparticle counterparts.
Root Length
The data in Table 3 showed that root length of brinjal increased significantly over control during 2022–23 and 2023–24 across all treatments. The highest root length was observed in T3 with 7.65, 14.47, 21.60, and 29.06 cm in 2022–23, and 6.84, 13.68, 20.52, and 27.36 cm in 2023–24 at 10, 20, 30, and 40 DAT, recording 53.92% and 104.18% increase over control at 40 DAT. T6 followed closely with 7.27, 13.84, 20.76, and 27.68 cm in 2022–23, and 6.54, 13.08, 19.62, and 26.16 cm in 2023–24, corresponding to 46.61% and 95.22% increase at 40 DAT. Among chemical checks, T10 recorded 6.18, 12.16, 18.24, and 24.32 cm in 2022–23, and 5.28, 10.56, 15.84, and 21.12 cm in 2023–24, showing 28.81% and 57.61% increase over control at 40 DAT. Plant extracts (T7, T8, T9) were less effective than nanoparticles and fungicide but still superior to control in improving root length. The above results were supported by findings of researchers like Prasad et al., (2017), Farhana et al., (2022) who reported that nanoparticles have emerged as promising nanofertilizers offering dual benefits of enhanced crop growth and antimicrobial protection against plant pathogens.
3.3 Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and   fungicide on fresh and dry weight of shoot of brinjal under field conditions during 2022-23 and 2023-24
Fresh weight of shoot (g)
Fresh shoot weight recorded at 40 DAT during 2022–23 and 2023–24 as observed from Table 4 revealed that T3 produced the highest fresh shoot weight with 96.37 g and 94.67 g, showing 50.89% and 57.69% increase over control. T6 followed with 90.50 g and 91.43 g (41.70% and 52.30% increase), while T2 and T5 recorded 88.07 g and 89.87 g (37.89% and 49.69%), and 86.93 g and 85.07 g (36.12% and 41.70%), respectively. The fungicide check T10 gave 84.17 g and 81.70 g fresh shoot weight. Plant extracts (T7,T8,T9) showed moderate effects, while the minimum shoot weight was observed in Control with 63.87 g and 60.03 g.
Dry weight of shoot (g)
Dry shoot weight at 40 DAT as observed from Table 4 showed that T3 recorded the maximum values of 16.80 g and 16.77 g during 2022–23 and 2023–24, with 42.74% and 51.08% increase over control. This was followed by T6 with 16.23 g and 15.93 g (37.89% and 43.51%), while T2 and T5 produced 15.83 g and 15.30 g (34.49% and 37.84%), and 15.43 g and 14.70 g (31.10% and 32.43%), respectively. Fungicide check T10 yielded 14.90 g and 13.90 g, lower than higher nanoparticle doses but superior to 50 ppm and plant extract treatments. The least dry shoot weight was recorded in Control with 11.77 g and 11.10 g. These findings were supported Singh et al., (2009) who reported enhanced growth parameters due to nanoparticles treatment.
3.4 Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and   fungicide on fresh and dry weight of root of brinjal under field conditions during 2022-23 and 2023-24
Fresh weight of root (g)
The observations of fresh root weight were taken 40 days after transplanting (DAT) during the 2022–23 and 2023–24 cropping seasons. The data illustrated in Table 5 shows that maximum fresh root weight was recorded in T3 with 15.80 g in both years, showing the highest increase over control (52.61% and 43.90%, respectively). This was closely followed by T6, which recorded 15.17 g and 15.17 g with an increase of 46.52% and 38.16% in the two seasons. The third highest fresh root weight was noted in T2 with 14.70 g in both years (41.98% and 33.88% increase), followed by T5 which gave 14.10 g and 14.10 g (36.19% and 28.42% increase), making it the fourth best treatment. The fungicide treatment T10 recorded 13.60 g in both years, which was lower than nanoparticle-based treatments at 100 and 75 ppm, but superior to nanoparticle treatments at 50 ppm and all plant extract treatments. Plant extract treatments (T7, T8, T9) showed comparatively lesser effectiveness, and the lowest fresh root weight was recorded in T11 (Control) with 10.35 g and 10.98 g during 2022–23 and 2023–24, respectively.
Dry weight of root (g)
The data presented in Table 5 shows that maximum dry root weight was recorded in T3 with 6.18 g and 6.73 g at 40 DAT during 2022–23 and 2023–24, respectively, showing the highest increase over control (70.68% and 58.35%). This was followed by T6 which recorded 5.93 g and 6.43 g with an increase of 62.47% and 51.29% in the two years. The third best dry root weight was obtained in T2 with 5.63 g and 6.13 g (54.25% and 44.24% increase), while T5 stood fourth with 5.33 g and 5.83 g (46.03% and 37.18% increase). The fungicide check T10 recorded 5.03 g and 5.53 g, which was lower than nanoparticle-based treatments at 100 and 75 ppm, but superior to their 50 ppm doses and all plant extract treatments. Treatments with plant extracts (T7, T8, T9) were comparatively less effective, and the lowest dry root weight was recorded in T11 (Control) with 3.32 g and 4.25 g during 2022–23 and 2023–24, respectively. The above findings were supported by work of various researchers such as EL-Wafai et al., (2025) who reported 60 % increase in yield due to use of nanoparticles.
Conclusion
The study showed that green-synthesized Ag and ZnO nanoparticles, especially at 100 ppm, improved growth and biomass of brinjal while effectively managing Phomopsis blight. For farmers, these nanoparticles offer a sustainable and eco-friendly alternative to fungicides. It is recommended to adopt higher concentrations (100 ppm) in brinjal cultivation for better yield and reduced chemical use.
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[bookmark: _Hlk206323870]Table 1 : Comparative evaluation of different concentrations of synthesized Silver(Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves , leaf extracts and  fungicide on germination and seedling mortality of brinjal during 2022-23 & 2023-24.
	Treatments
 
	                         2022- 23
 
	                        2023-24
 

	
	Germination(%)
	Seedling mortality (%)
	Germination(%)
	Seedling mortality (%)

	T1
	80.00
	20.00
	80.67
	16.33

	T2
	90.00
	10.00
	90.67
	9.00

	T3
	96.67
	3.33
	96.00
	2.00

	T4
	76.67
	23.33
	77.33
	20.33

	T5
	90.00
	10.00
	89.33
	10.33

	T6
	93.33
	6.67
	92.67
	7.67

	T7
	56.67
	43.33
	57.33
	39.00

	T8
	70.00
	30.00
	70.67
	29.00

	T9
	73.33
	26.67
	72.67
	25.33

	T10
	86.67
	13.33
	86.00
	12.67

	T11
	40.00
	60.00
	40.67
	56.33

	 C.D. at 5%
	2.843
	2.861
	4.774
	4.774

	   SE (m)±
	0.969
	0.969
	1.617
	1.617

	   SE(d)
	1.371
	1.371
	2.287
	2.287

	    C.V.
	2.164
	7.486
	3.534
	13.516




















Table 2:  Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and fungicide as inducer on shoot length of brinjal during 2022-23 & 2023-24.
	Treatments 
	                                     2022-23
	2023-24

	
	Shoot length at different days (cm)
	Per cent increased over control after 40 days
	Shoot length at different days (cm)
	Per cent increased over control after 40 days

	
	    10 
	   20 
	    30 
	40 
	
	     10 
	    20 
	     30 
	      40 
	

	     T1
	5.71
	14.26
	26.61
	39.42
	20.45
	8.50
	17.77
	32.27
	48.43
	45.30

	     T2
	6.19
	15.49
	28.90
	48.03
	46.76
	9.33
	19.93
	35.93
	52.93
	58.81

	     T3
	6.62
	16.88
	32.20
	49.63
	51.63
	10.43
	23.17
	42.10
	62.10
	86.32

	     T4
	5.40
	13.50
	25.19
	40.48
	23.69
	7.77
	16.23
	28.77
	43.23
	29.70

	     T5
	5.98
	14.93
	27.15
	44.77
	36.80
	9.23
	19.77
	35.60
	52.93
	58.81

	     T6
	6.44
	16.44
	30.05
	48.30
	47.57
	9.43
	20.60
	37.27
	54.77
	64.33

	     T7
	4.86
	12.14
	22.03
	35.79
	9.35
	6.33
	12.93
	23.17
	34.17
	2.52

	     T8
	4.98
	12.44
	23.16
	37.48
	14.52
	6.67
	14.10
	25.27
	37.27
	11.82

	     T9
	5.13
	12.82
	23.93
	38.46
	17.50
	7.47
	15.90
	28.73
	42.07
	26.22

	     T10
	5.87
	14.79
	27.38
	44.01
	34.45
	8.27
	18.10
	33.10
	49.43
	48.30

	     T11
	4.26
	10.71
	20.24
	32.73
	  -
	6.13
	11.60
	22.67
	33.33
	 -

	C.D. at 5%
	0.554
	1.231
	2.79
	3.755
	                -
	0.78
	1.789
	2.776
	4.311
	              -

	SE (m)±
	0.187
	0.414
	0.939
	1.264
	                -
	   0.262
	0.602
	0.934
	1.451
	              -

	SE(d)
	0.264
	0.586
	1.328
	1.787
	                -
	0.371
	0.851
	1.322
	2.052
	              -

	C.V.
	5.812
	5.114
	6.238
	5.245
	                -
	5.603
	6.034
	5.163
	5.414
	              -





Table 3:  Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and fungicide as inducer on root length of brinjal during 2022-23 & 2023-24.
	Treatments 
	2022-23
	2023-24

	
	Root length at different days (cm)
	Per cent increased over control after 40 days
	Root length at different days (cm)
	Per cent increased over control after 40 days

	
	      10
	    20 
	     30
	    40 
	
	      10
	     20 
	     30 
	   40
	

	     T1
	  5.79
	11.23
	16.84
	  22.97
	21.68
	  4.96
	    9.92
	14.88
	19.84
	48.06

	     T2
	  6.67
	13.37
	20.02
	  26.69
	41.38
	  6.18
	   12.36
	18.54
	24.72
	84.48

	     T3
	  7.65
	14.47
	21.60
	  29.06
	53.92
	   6.84
	   13.68
	20.52
	27.36
	104.18

	     T4
	   5.35
	10.71
	16.06
	  22.56
	19.47
	   4.62
	     9.24
	13.86
	18.48
	9.67

	     T5
	   6.35
	12.69
	19.04
	  25.39
	34.46
	   5.72
	11.44
	17.16
	22.88
	70.75

	     T6
	   7.27
	13.84
	20.76
	  27.68
	46.61
	   6.54
	13.08
	19.62
	26.16
	95.22

	     T7
	   4.86
	9.57
	14.36
	  19.15
	1.41
	   3.96
	7.92
	11.88
	15.84
	18.21

	     T8
	   4.93
	10.10
	15.39
	  19.73
	4.52
	   4.14
	8.28
	12.42
	16.56
	23.58

	     T9
	   5.27
	10.23
	15.62
	  20.45
	8.33
	   4.38
	8.76
	13.14
	17.52
	30.75

	     T10
	   6.18
	12.16
	18.24
	  24.32
	28.81
	   5.28
	10.56
	15.84
	21.12
	57.61

	     T11
	  4.45
	8.14
	13.41
	  18.88
	               -
	   3.82
	7.64
	11.46
	13.4
	  -          

	C.D. at 5%
	0.516
	1.533
	1.931
	  2.655
	               -
	0.516
	1.033
	1.8212
	2.168
	               -

	  SE (m)±
	0.174
	0.516
	0.65
	  0.894
	               -
	       0.175               
	0.350
	0.617
	0.735
	               -

	  SE(d)
	0.246
	  0.73
	0.919
	  1.264
	               -
	0.248
	0.495
	0.873
	1.039
	               -

	  C.V.
	5.113
	7.772
	6.474
	  6.629
	               -
	5.910
	5.910
	6.939
	6.255
	               -





Table 4: Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticles (NPs) from neem leaves, leaf extracts and  fungicide as inducer on fresh and dry shoot weight of brinjal during 2022-23 & 2023-24.
	Treatments
	2022-23
	2023-24

	
	Shoot Weight at 40 days after transplanting (g)
	Shoot Weight at 40 days after transplanting (g)

	
	 Fresh    weight(g)
	Per cent increased over control after 40 days
	   Dry Weight(g)
	Per cent increased over control after 40 days
	Fresh weight(g)
	Per cent increased over control after 40 days
	Dry Weight(g)
	Per cent increased over control after 40 days

	     T1
	79.50
	 24.48
	14.37
	22.09
	78.80
	31.26
	13.30
	19.82
	

	     T2
	88.07
	37.89
	15.83
	34.49
	89.87
	49.69
	15.30
	37.84
	

	     T3
	96.37
	50.89
	 16.80
	42.74
	94.67
	57.69
	16.77
	51.08
	

	     T4
	76.47
	19.73
	13.93
	18.35
	74.60
	24.26
	12.77
	15.05
	

	     T5
	86.93
	36.12
	15.43
	31.10
	85.07
	41.70
	14.7
	32.43
	

	     T6
	90.50
	41.70
	16.23
	37.89
	91.43
	52.30
	15.93
	43.51
	

	     T7
	69.57
	8.92
	12.23
	3.91
	63.27
	5.386
	11.43
	2.97
	

	     T8
	72.23
	13.10
	12.77
	8.50
	66.87
	11.38
	11.77
	6.04
	

	     T9
	73.90
	15.71
	13.37
	13.59
	71.53
	19.16
	12.20
	9.91
	

	     T10
	84.17
	31.78
	14.90
	26.59
	81.70
	36.09
	13.90
	25.23
	

	     T11
	63.87
	-
	11.77
	-
	60.03
	-
	11.10
	            -
	

	C.D. at 5%
	6.983
	            -
	1.450
	 - 
	7.395
	              -
	1.399
	            -
	

	SE (m)±
	2.367
	            -
	0.492
	 - 
	2.507
	              -
	0.474
	            -
	

	SE(d)
	3.348
	            -
	0.695
	 - 
	3.545
	              -
	0.671
	            -
	

	C.V.
	5.116
	            -
	5.942
	              -
	5.567
	              -
	5.931
	            -
	






Table 5:  Effect of synthesized Silver (Ag) and Zinc oxide (ZnO) Nanoparticle(NPs) from neem leaves, leaf extracts and  fungicide as inducer on fresh and dry root weight of brinjal during 2022-23 & 2023-24.
	Treatments
	2022-23
	2023-24

	
	Root weight at 40 days after transplanting (g)
	Root weight at 40 days after transplanting (g)

	
	Fresh   weight (g)
	Per cent  increased over control after 40 days
	Dry Weight(g)
	Per cent increased over control after 40 days
	Fresh weight(g)
	Per cent increased over control after 40 days
	Dry Weight(g)
	Per cent increased over control after 40 days

	     T1
	  13.00
	 25.56
	  4.73
	29.59
	13.00
	18.40
	  5.23
	  23.06
	

	     T2
	  14.70
	41.98
	5.63
	54.25
	14.70
	33.88
	6.13
	44.24
	

	     T3
	  15.80
	52.61
	 6.18
	70.68
	15.80
	43.90
	6.73
	58.35
	

	     T4
	  12.50
	20.73
	4.43
	21.37
	12.50
	13.84
	4.93
	16.00
	

	     T5
	  14.10
	36.19
	5.33
	46.03
	14.10
	28.42
	5.83
	37.18
	

	     T6
	  15.17
	46.52
	5.93
	62.47
	15.17
	38.16
	6.43
	51.29
	

	     T7
	  11.40
	10.11
	3.73
	2.19
	11.40
	3.83
	4.33
	1.88
	

	     T8
	  11.80
	13.97
	3.93
	7.67
	11.80
	7.47
	4.43
	4.24
	

	     T9
	  12.20
	17.84
	4.13
	13.15
	12.20
	11.11
	4.63
	8.94
	

	     T10
	  13.60
	31.36
	5.03
	37.81
	13.60
	23.86
	5.53
	30.12
	

	     T11
	  10.35
	-
	3.32
	-
	10.98
	       -
	4.25
	              -
	

	C.D. at 5%
	  1.875
	               -
	0.522
	 - 
	1.473
	                 -
	0.535
	              -
	

	SE (m)±
	  0.466
	               -
	0.177
	 - 
	0.499
	                 -
	0.181
	              -
	

	   SE(d)
	  0.659
	               -
	0.250
	 - 
	0.706
	                 -
	0.256
	              -
	

	   C.V.
	  6.140
	               -
	6.441
	              -
	6.549
	                 -
	5.913
	              -
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