[bookmark: _GoBack]Synthesis of nanoparticles from Trichoderma harzianum and its effect on germination and growth parameters of Potato for management of Late blight
Abstract
Potato is one of the most important vegetable crops of the Solanaceae family, valued for its nutritional value. It is severely affected by Late blight, causing heavy yield losses. The present study evaluated the efficacy of synthesized silver (Ag) and copper oxide (Cu) nano particles from Trichoderma harzianum, on growth parameters of potato under field conditions during 2023-24 and 2024-25. Results revealed that the treatments significantly improved germination, shoot and root length, as well as fresh and dry biomass compared to control. Among treatments, Ag NPs @125 ppm (T4) consistently performed  best, recording maximum germination (98.85% and 99.05%), longest shoot (58.37 and 60.25cm) and root length (14.82 and 1.90cm), highest number of branches (9.10 and 9.46) and leaves (35.05 and 36.06), showing substantial increases over control. The findings highlight the superior potential of AgNPs and CuNPs as eco-friendly alternatives to chemical fungicides for enhancing growth and vigor of potato plants.
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1. Introduction
It is ranked as the fourth most important food crop after rice, wheat and maize, in terms of
human consumption (FAO, 2023). The country holds third position in worldwide potato cultivation area and second position in total potato production i.e., contributes 12.32% of total potato production in world. In 2023, the total global potato production reached 383 million metric tons, up from 376 million metric tons in 2022. India ranks second globally in potato production and are a key player in the global potato market. The state of Uttar Pradesh (U.P.) is among the largest potato-producing regions in India, benefiting from favorable agro-climatic conditions conducive to high yields (Kamble et al., 2025). Precision agriculture and yield prediction models are increasingly being implemented in U.P. to optimize production (Singh et al., 2025). According to Chadha (2009), approximately 90% of the total potato cultivation in India is concentrated in the subtropical plains, while 6% is in the hills and 4% in plateau regions. It is valued not only for its high yield but also for its nutritional profile. They also contain various antioxidants, including phenolic compounds and flavonoids, which contribute to their health benefits (Ulger et al., 2018). It is also largely rich in antioxidants such as vitamin A, B1, B6, C and carotenoids (White et al., 2009). Disease management strategies include cultural, mechanical, resistant varieties, biological and chemical approaches. To address the growing global population and the need to double food production by 2050, nanotechnology offers innovative solutions for plant disease management (Tilman et al., 2011). Though still in its nascent stages, nanotechnology’s application in crop protection, genetic engineering and diagnostics has gained traction in plant pathology research (Dutta et al., 2022). They are utilized in fields like high-sensitivity biomolecular detection, pharmaceutical and antibacterial development and disease diagnostics, offering cost-effective methods to boost agricultural productivity (Dutta et al., 2023; Dutta et al., 2022; Singh et al., 2022). Silver nanoparticles (AgNPs) have long been used as antimicrobial agents. The AgNPs showed 75% inhibition percentage during in vitro analysis. The average disease severity was found to be significantly higher in control plants as compared to AgNPs and chemical fungicide treated plants (Singh et al., 2021). This study aims to manage late blight with the ability to induce resistance against Phytophthora infestans by the use of nano particles, ultimately contributing to the resilience and productivity of potato cultivation.
2. Material and Methods
2.1 Collection of seed tuber
Truly labeled potato seed tubers of variety “Kufri Bahar” were collected from Vegetable Research Farm, CSAUAT, Kalyanpur, to conduct my experiment. 
2.2 Seed tuber treatment
	Potato tubers were treated with synthesized nanoparticles (AgNPs and CuNPs) at different concentration (50, 75, 100 and 125 ppm) for 30 min. just before sowing in the field.
2.3. Synthesis of Nano particles
2.3.1 Silver Nano particles
To synthesize silver nanoparticles (AgNPs), T. harzianum biomass or culture filtrate is mixed with a silver nitrate (AgNO₃) solution, typically at a concentration of 1mM (millimolar). The reaction mixture is incubated in darkness at room temperature or slightly elevated temperatures until a visible color change to brown indicates nanoparticle formation. This color change is due to the surface plasmon vibration, an optical property which is unique to the noble metals (Ibrahim 2015). The fungal enzymes and proteins act as reductants and capping agents. The resulting AgNPs are separated by centrifugation and characterized using UV–Vis spectroscopy (peaks around 420–450 nm) (Mukherjee et al., 2008), SEM and TEM (Suman et al., 2013).
2.3.2 Copper Nano particles
For copper nanoparticles (CuNPs), a similar method is applied using copper sulphate (CuSO₄) solution and the cell-free filtrate of T. harzianum. The reaction mixture changes color to blue, confirming the reduction of Cu²⁺ ions. Trichoderma harzianum acts as both a biological factory and a green nano reactor for synthesizing silver and copper nanoparticles, offering a sustainable and low-toxicity alternative to chemical or physical nanoparticle synthesis methods. The biosynthesized CuNPs were characterized by using UV-Vis analysis, SEM, TEM (Saranyaadevi et al., 2014)

2.4 Planting of treated seed tuber 
Potato seed tubers weighing 20-30g of variety ‘Kufri Bahar’ were given treatment for 20 minutes by dipping them well in dissolved solution of nano-particles. After 20 minutes potato seed tuber were taken out from  bucket containing solution of inorganic chemical inducer and then tubers were dried for overnight by placing them on concrete floor before sowing in well prepared ploughed field. The treated tubers seeds of about 20-30g weight each were planted in the furrows at a spacing of 60 cm row to row and 20 cm plant to plant. Thereafter, the lines planted with tubers were covered with soil to make ridges of about 15cm high (Ibraheem et al., 2019).
2.5 Fertilizer application and irrigation 
Fertilizer was applied uniformly to different plots at a dose of 150 kg N, 80 kg P2O5 and 100 kg K2O along with 10 tonn FYM per hectare. First irrigation was given 20 day after sowing (DAS) i.e approximately after germinating of the tuber and subsequently, 3 irrigations were given at 10-15 days interval during whole crop season. Irrigation was applied in such a way that water would not touch top 1/3rd of the ridge. 
2.6  Treatment details: 
List 1- Treatment details
	T1
	Tuber treatment and foliar spray with synthesized AgNPs from Trichoderma harzianum  @ 50 ppm.

	T2
	Tuber treatment and foliar spray with synthesized AgNPs from Trichoderma harzianum @ 75 ppm.

	T3
	Tuber treatment and foliar spray with synthesized AgNPs from Trichoderma harzianum @ 100 ppm.

	T4
	Tuber treatment and foliar spray with synthesized AgNPs from Trichoderma harzianum @ 125 ppm.

	T5
	Tuber treatment and foliar spray with synthesized CuNPs from Trichoderma harzianum @ 50 ppm.

	T6
	Tuber treatment and foliar spray with synthesized CuNPs from Trichoderma harzianum @ 75 ppm.

	T7
	Tuber treatment and foliar spray with synthesized CuNPs from Trichoderma harzianum @100 ppm.

	T8
	Tuber treatment and foliar spray with synthesized CuNPs from Trichoderma harzianum @ 125 ppm.

	T9
	Tuber treatment and foliar spray with standard fungicide Ridomil MZ @1000 ppm.

	T10
	Control-1 (uninoculated)

	T11
	Control-2 (inoculated)



The observations on growth parameters will be recorded as given below:
· Germination per cent recorded after 20 DAS.
· Measurement of shoot and root length (cm) at 15 DAS, 30 DAS, 45 DAS and 60 DAS.
· Counting of number of leaves and branches at 15 DAS, 30 DAS, 45 DAS and 60 DAS.
2.7 Germination 	
The germination per cent was recorded after 20 days after sowing. Germination percentage was calculated by use of following formula (Abdul Baki and Anderson, 1971).
Germination %= 100
2.8  Number of leaves and branches per plant
Five plants were collected from each replications of the treatment to assess number of leaves and branches per plant. The observation was taken at 15, 30, 45 and 60 DAS in 2023-24 and 2024-25 respectively.
2.9  Shoot length
For this purpose, five plants were selected randomly from tagged plots. The shoot height was measured (in cm) from the soil surface at basal portion of flag leaf with the help of meter scale and height of the plants was recorded at 15, 30, 45 and 60 days after planting. The average of five plants height was divided by 5 for obtaining their mean to consider plant height.
2.10  Root length
For this purpose, five plants were uprooted from each replication of the treatment to assess the root length (in cm) from the ground level (base of the plant) to the tip of the main root of the plant with the help of meter scale and the observation was recorded at 15, 30, 45 and 60 days after planting. 
2.11 Statistical analysis of data 
The field experiment was conducted in a randomized block design (RBD). The values presented from each experiment were analyzed through one- way analysis of ANOVA. The critical difference was calculated at 5% of significance and F value was treated for comparing treatment means. C.D. was calculated by following formula: 
C.D. =  at 5%
3. Result and discussion 
3.1 Effect of different concentration of synthesized nano particles from Trichoderma harzianum on shoot length of potato under field conditions during 2023-24 and 2024-25.
The data presented in Table 1 shows that T4 (T.T and F.S. with AgNPs @125 ppm) achieved the highest germination rates of 98.85% and 99.05 % with maximum shoot length of 58.37 cm and 60.25 cm at 60 DAS during 2023-24 and 2024-25 respectively, representing 70.42% and 43.73 % increase over control-1 and 79.82% and 58.65% increase over control-2 respectively. The progressive growth pattern showed consistent superiority at all measurement intervals (15, 30, 45 and 60 DAS). T8 (T.T and F.S. with CuNPs @125 ppm) followed closely with 55.90 cm and 58.70 cm, showing 63.21% and 39.76% increase over control-1 and 72.21 % and 54.27% increase over control-2 respectively. The fungicide treatment T9 (T.T and F.S. with Ridomil MZ @1000 ppm) recorded moderate increases of  26.42% and 12.61% over control-1 and 33.39% and 24.31% increase over control-2 respectively, demonstrates that chemical treatment provide benefits over both controls, but synthesized nano particles from Trichoderma harzianum offer superior growth enhancement. Other treatments (T3, T7, T2, T6, T1 and T5) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of synthesized nano particles. The lowest germination was observed in T11 (inoculated control-2) represents 80.03% and 83.21% germination per cent while minimum shoot length was recorded with 32.46 cm and 38.05 cm showing an increase of -5.22% and -9.40% over untreated control, during 2023-24 and 2024-25, respectively.
Salama et al., (2012) found that increasing concentration of AgNPs from 20 to 60 ppm led to an increase in shoot and root lengths, leaf surface area, chlorophyll, carbohydrate and protein contents of common bean and corn.
3.2 Effect of different concentration of synthesized nanoparticles from Trichoderma harzianum on root length of potato under field conditions during 2023-24 and 2024-25.
The data presented in Table 2 shows that T4 (T.T and F.S. with AgNPs @125 ppm) achieved the maximum root length of 14.82 cm and 15.46 cm at 60 DAS during 2023-24 and 2024-25 respectively, representing 55.83% and 39.90% increase over control-1 and 61.08 % and 41.18% increase over control-2 respectively. The progressive growth pattern showed consistent superiority at all measurement intervals (15, 30, 45 and 60 DAS). T8 (T.T and F.S. with CuNPs @125 ppm) followed closely with 14.13 cm and 14.52 cm, showing 48.58 % and 31.40 % increase over control-1 and 53.58 % and 32.60 % increase over control-2 respectively. The fungicide treatment T9 (T.T and F.S. with Ridomil MZ @1000 ppm) recorded moderate increases of  11.46% and 4.07 % over untreated control and 15.21 % and 5.02% increase over control-2 respectively, demonstrates that chemical treatment provide benefits over both controls, but synthesized nano particles from Trichoderma harzianum offer superior growth enhancement. Other treatments (T3, T7, T2, T6, T1 and T5) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of synthesized nano particles. The minimum root length (9.20 cm and 10.95 cm) was recorded in T11 (inoculated control-2) and showing an increase of -3.25% and -0.90 % over untreated control, during 2023-24 and 2024-25, respectively. Ejaz (2018) also studied the effect of silver nanoparticles and silver nitrate on rice growth against biotic stress. Silver nanoparticles were synthesized by using plant extract as reducing agent, followed by characterization through UV Vis spectroscopy, XRD, EDS and SEM. AgNPs and AgNPs treatments increased the root length (16.2 & 12.8%), shoot length (21 & 20%), root number (8.1 & 6.8%), plant fresh weight (6.4 & 5%) and plant dry weight (4.6 & 3.5%) in 75mg/l respectively.  

3.3 Effect of different concentration of synthesized nano particles from Trichoderma harzianum on number of branches per plant of potato under field conditions during 2023-24 and 2024-25.
	The data presented in Table 3 shows that T4 (T.T and F.S. with AgNPs @125 ppm) achieved the maximum number of branches (9.10 and 9.46) at 60 DAS during 2023-24 and 2024-25 respectively, representing  111.62% and 107.00 % increase over control-1 and 124.13% and 111.16% increase over control-2 respectively. The progressive growth pattern showed consistent superiority at all measurement intervals (15, 30, 45 and 60 DAS). T8 (T.T and F.S. with CuNPs @125 ppm) followed closely with 8.72 cm and 8.85 cm, showing 102.79% and 93.65% increase over control-1 and 114.77% and 97.54% increase over control-2 respectively. The fungicide treatment T9 (T.T and F.S. with Ridomil MZ @1000 ppm)  recorded moderate increases of  29.30 % and 26.91 % over control-1 and 36.94 % and 29.46 % increase over control-2 respectively, demonstrates that chemical treatment provide benefits over both controls, but synthesized nano particles from Trichoderma harzianum offer superior growth enhancement. Other treatments (T3, T7, T2, T6, T1 and T5) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of synthesized nano particles. The minimum number of branches  (4.00 and 4.48) was recorded in T11 (inoculated control-2) and showing an increase of –5.58% and -1.96 % over control-1, during 2023-24 and 2024-25, respectively. Elsayh (2022) also indicated that Ag NPs concentration had a significant positive effect on studied traits, when the 3.0 ml/l of Ag NPs added to MS basal medium supplemented with BA at 2.0, GA 3 at 0.5 and NAA at 0.1 (mg/l) gave the highest shoots and leaves number as it reached 10.74 shoots and 30.11 leaf/culture with length 6.60 cm, respectively in comparison with lowest results recorded 2.50 shoot/culture, 10.70 leaf/culture with length 2.00 cm, respectively with the control treatment.
3.4 Effect of different concentration of synthesized nano particles from Trichoderma harzianum on number of leaves per plant of potato under field conditions during 2023-24 and 2024-25.
		The data presented in Table 4 shows that T4 (T.T and F.S. with AgNPs @125 ppm) achieved the maximum number of leaves (35.05 and 36.26) at 60 DAS during 2023-24 and 2024-25 respectively, representing  79.10 % and 77.13% increase over control-1 and 82.17 % and 79.77 % increase over control-2 respectively. The progressive growth pattern showed consistent superiority at all measurement intervals (15, 30, 45 and 60 DAS). T8 (T.T and F.S. with CuNPs @125 ppm) followed closely with 32.83 cm and 33.94 cm, showing 67.75 % and 65.80 % increase over control-1 and 70.63% and 68.26 % increase over control-2 respectively. The fungicide treatment T9 (T.T and F.S. with Ridomil MZ @1000 ppm)  recorded moderate increases of  14.51 % and 14.46 % over control-1 and 16.11% and 16.16 % increase over control-2 respectively, demonstrates that chemical treatment provide benefits over both controls, but synthesized nano particles from Trichoderma harzianum offer superior growth enhancement. Other treatments (T3, T7, T2, T6, T1 and T5) showed intermediate performance, validating their biological activity but confirming the enhanced efficacy of synthesized nano particles. The minimum number of leaves (19.20 and 20.04) was recorded in T11 (inoculated control-2) and showing an increase of -1.68% and -1.46% over control-1, during 2023-24 and 2024-25, respectively. 






Table 1:  Effect of different concentration of synthesized nanoparticles from Trichoderma harzianum on shoot length of potato under field conditions during 2023-24 and 2024-25.
	Treatments
	Germination (%)
	Plant height 2023-24
	Germination (%)
	Plant height 2024-25

	
	
	Shoot length (cm)
	Shoot length increase over control- 1 (%)
	Shoot length increase over control- 2 (%)
	
	Shoot length (cm)
	Shoot length increase over control-1 (%)
	Shoot length increase over control- 2 (%)

	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	

	T1
	89.90
	9.43
	18.38
	35.00
	39.65
	15.76
	22.15
	91.92
	10.62
	20.70
	35.72
	44.60
	6.19
	17.21

	T2
	92.20
	11.87
	22.65
	38.80
	48.40
	41.31
	49.10
	94.28
	12.62
	26.90
	41.13
	52.46
	24.76
	37.71

	T3
	95.75
	13.20
	25.88
	41.33
	53.40
	55.91
	64.51
	96.62
	13.73
	29.60
	44.56
	57.00
	35.71
	49.80

	T4
	98.85
	14.80
	29.75
	43.50
	58.37
	70.42
	79.82
	99.05
	14.92
	30.50
	46.29
	60.25
	43.73
	58.65

	T5
	88.66
	8.63
	17.12
	33.80
	36.00
	5.10
	10.90
	89.70
	9.90
	18.50
	34.58
	42.01
	4.76
	15.63

	T6
	90.10
	11.03
	21.28
	37.43
	45.85
	33.86
	41.25
	93.96
	11.92
	24.80
	38.90
	49.80
	18.57
	30.88

	T7
	93.45
	12.53
	24.25
	40.00
	50.95
	48.75
	56.96
	94.83
	13.23
	28.40
	43.27
	55.00
	30.95
	44.54

	T8
	96.50
	14.03
	27.85
	42.37
	55.90
	63.21
	72.21
	98.47
	14.31
	30.20
	45.42
	58.70
	39.76
	54.27

	T9
	90.08
	10.13
	19.5
	36.20
	43.30
	26.42
	33.39
	93.52
	11.21
	22.60
	36.85
	47.82
	12.61
	24.31

	T10
	81.43
	7.50
	15.6
	26.50
	34.25
	0
	5.51
	85.43
	9.20
	16.40
	29.00
	42.00
	0
	10.38

	T11
	80.03
	6.33
	12.2
	24.1
	32.46
	-5.22
	0
	83.21
	7.24
	15.00
	28.45
	38.05
	-9.40
	0

	CD (5%)
	9.25
	1.17
	2.32
	3.77
	4.81
	
	
	9.46
	1.24
	2.55
	4.01
	5.22
	
	

	SE (m)
	3.13
	0.39
	0.78
	1.27
	1.63
	
	
	3.21
	0.42
	0.86
	1.36
	1.77
	
	

	C.V.
	5.99
	6.34
	6.39
	6.10
	6.24
	
	
	5.99
	6.24
	6.25
	6.10
	6.16
	
	




T1 = T.T and F.S with AgNPs @50 ppm, T2 = T.T and F.S with AgNPs @75 ppm, T3 = T.T and F.S with AgNPs @100 ppm, T4 = T.T and F.S with AgNPs @125 ppm, T5= T.T and F.S with CuNPs @50 ppm, T6= T.T and F.S with CuNPs @75 ppm, T7 = T.T and F.S with CuNPs @100 ppm, T8 = T.T and F.S with CuNPs @125 ppm, T9 = T.T and F.S with Ridomil MZ @1000 ppm, T10 = Control-1(uninoculated) and T11= Control-2 (inoculated).





Table 2:  Effect of different concentration of synthesized nanoparticles from Trichoderma harzianum on root length of potato under field conditions during 2023-24 and 2024-25.

	Treatments
	Plant height 2023-24
	Plant height 2024-25

	
	Root length (cm)
	Root length increased over control- 1 (%)
	Root length increased over control- 2 (%)
	Root length (cm)
	Root length increased over control- 1 (%)
	Root length increased over control- 2 (%)

	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	

	T1
	2.08
	3.71
	7.20
	10.14
	6.62
	10.21
	2.50
	5.58
	8.60
	11.30
	2.26
	3.19

	T2
	2.62
	5.43
	8.80
	11.90
	25.13
	29.34
	3.30
	6.68
	9.75
	12.10
	9.50
	10.50

	T3
	3.06
	6.54
	10.05
	13.50
	41.95
	46.73
	4.02
	7.50
	10.78
	14.05
	27.14
	28.31

	T4
	3.45
	7.65
	10.90
	14.82
	55.83
	61.08
	4.71
	8.40
	11.84
	15.46
	39.90
	41.18

	T5
	1.80
	3.36
	6.93
	9.70
	1.99
	5.43
	2.30
	5.54
	8.40
	11.18
	1.17
	2.10

	T6
	2.41
	4.95
	8.20
	11.26
	18.40
	22.39
	3.07
	6.10
	9.22
	11.80
	6.78
	7.76

	T7
	2.84
	6.03
	9.54
	12.55
	31.96
	36.41
	3.60
	7.06
	10.20
	12.93
	17.01
	18.08

	T8
	3.22
	7.13
	10.52
	14.13
	48.58
	53.58
	4.40
	7.91
	11.45
	14.52
	31.40
	32.60

	T9
	2.26
	4.30
	7.64
	10.60
	11.46
	15.21
	2.75
	5.80
	8.80
	11.50
	4.07
	5.02

	T10
	1.56
	3.12
	6.82
	9.51
	0
	3.36
	2.12
	5.23
	8.25
	11.05
	0
	0.91

	T11
	1.08
	2.84
	6.10
	9.20
	-3.25
	0
	2.04
	5.02
	7.98
	10.95
	-0.90
	0

	CD (5%)
	0.26
	0.56
	0.89
	1.22
	
	
	0.35
	0.68
	1.00
	1.30
	
	

	SE (m)
	0.09
	0.19
	0.30
	0.41
	
	
	0.11
	0.23
	0.34
	0.44
	
	

	C.V.
	6.50
	6.61
	6.26
	6.22
	
	
	6.52
	6.23
	6.16
	6.16
	
	


T1 = T.T and F.S with AgNPs @50 ppm, T2 = T.T and F.S with AgNPs @75 ppm, T3 = T.T and F.S with AgNPs @100 ppm, T4 = T.T and F.S with AgNPs @125 ppm, T5= T.T and F.S with CuNPs @50 ppm, T6= T.T and F.S with CuNPs @75 ppm, T7 = T.T and F.S with CuNPs @100 ppm, T8 = T.T and F.S with CuNPs @125 ppm, T9 = T.T and F.S with Ridomil MZ @1000 ppm, T10 = Control-1(uninoculated) and T11= Control-2 (inoculated).

Table 3:  Effect of different concentration of synthesized nano particles from Trichoderma harzianum on number of branches per plant of potato under field conditions during 2023-24 and 2024-25.
	Treatment
	2023-24
	2024-25

	
	Number of branches per plant
	No. of branches increased over  control- 1
	No.  of  branches increased over  control- 2
	Number of branches per plant
	No. of branches increased over  control- 1
	No.  of branches increased over  control- 2

	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	

	T1
	1.33
	2.90
	3.81
	4.93
	14.65
	21.42
	1.52
	3.04
	4.30
	5.30
	15.97
	18.30

	T2
	1.73
	3.77
	5.10
	6.90
	60.46
	69.95
	1.90
	3.96
	5.76
	7.05
	54.26
	57.36

	T3
	2.03
	4.23
	6.03
	8.31
	93.25
	104.67
	2.33
	4.34
	6.70
	8.56
	87.30
	91.07

	T4
	2.41
	4.78
	6.92
	9.10
	111.62
	124.13
	2.70
	4.90
	7.74
	9.46
	107.00
	111.16

	T5
	1.24
	2.70
	3.55
	4.64
	7.90
	14.28
	1.45
	2.83
	3.80
	4.80
	5.03
	7.14

	T6
	1.57
	3.36
	4.76
	6.20
	44.18
	52.70
	1.80
	3.50
	5.21
	6.45
	41.13
	43.97

	T7
	1.76
	3.92
	5.60
	7.62
	77.20
	87.68
	2.14
	4.05
	6.19
	7.81
	70.89
	74.33

	T8
	2.20
	4.43
	6.52
	8.72
	102.79
	114.77
	2.50
	4.60
	7.25
	8.85
	93.65
	97.54

	T9
	1.47
	3.32
	4.15
	5.56
	29.30
	36.94
	1.62
	3.54
	4.70
	5.80
	26.91
	29.46

	T10
	1.05
	2.48
	3.32
	4.30
	0
	5.91
	1.30
	2.70
	3.46
	4.57
	0
	2.00

	T11
	1.00
	2.30
	2.96
	4.06
	-5.58
	0
	1.21
	2.62
	3.14
	4.48
	-1.96
	0

	CD (5%)
	0.17
	0.37
	0.52
	0.70
	
	
	0.20
	0.39
	0.58
	0.72
	
	

	SE (m)
	0.06
	0.12
	0.17
	0.23
	
	
	0.06
	0.13
	0.19
	0.24
	
	

	C.V.
	6.49
	6.36
	6.46
	6.46
	
	
	1.52
	3.04
	4.30
	5.30
	
	



T1 = T.T and F.S with AgNPs @50 ppm, T2 = T.T and F.S with AgNPs @75 ppm, T3 = T.T and F.S with AgNPs @100 ppm, T4 = T.T and F.S with AgNPs @125 ppm, T5= T.T and F.S with CuNPs @50 ppm, T6= T.T and F.S with CuNPs @75 ppm, T7 = T.T and F.S with CuNPs @100 ppm, T8 = T.T and F.S with CuNPs @125 ppm, T9 = T.T and F.S with Ridomil MZ @1000 ppm, T10 = Control-1(uninoculated) and T11= Control-2 (inoculated).

Table 4:  Effect of different concentration of synthesized nano particles from Trichoderma harzianum on number of leaves per plant of potato under field conditions during 2023-24 and 2024-25.
	Treatment
	2023-24
	2024-25

	
	Number  of leaves per plant
	No. of  leaves  increased over control- 1
	No.  of leaves increased over control- 2
	Number of leaves per plant
	No. of leaves increased over control- 1
	No.  of leaves increased over control- 2

	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	
	15 DAS
	30 DAS
	45 DAS
	60 DAS
	
	

	T1
	3.15
	6.62
	15.19
	21.18
	8.22
	10.08
	3.75
	8.75
	15.87
	22.32
	9.03
	10.65

	T2
	4.13
	9.71
	18.11
	26.53
	35.56
	37.88
	4.52
	11.67
	19.72
	27.60
	34.83
	36.83

	T3
	4.80
	12.34
	21.74
	30.76
	57.17
	59.87
	5.34
	13.36
	23.34
	31.83
	55.49
	57.80

	T4
	5.44
	15.02
	25.67
	35.05
	79.10
	82.17
	5.72
	15.85
	27.06
	36.26
	77.13
	79.77

	T5
	2.82
	6.16
	14.87
	20.15
	2.96
	4.72
	3.51
	7.75
	15.48
	21.22
	3.66
	5.20

	T6
	3.76
	8.43
	16.82
	24.41
	24.73
	26.87
	4.25
	10.79
	17.86
	25.58
	24.96
	26.82

	T7
	4.38
	11.16
	19.89
	28.64
	46.34
	48.85
	4.73
	12.58
	21.56
	29.71
	45.13
	47.29

	T8
	5.16
	13.62
	23.63
	32.83
	67.75
	70.63
	5.25
	14.17
	25.12
	33.94
	65.80
	68.26

	T9
	3.30
	7.11
	15.54
	22.34
	14.15
	16.11
	4.56
	9.73
	16.73
	23.43
	14.46
	16.16

	T10
	2.65
	5.64
	14.67
	19.57
	0
	1.71
	3.54
	6.75
	15.12
	20.47
	0
	1.48

	T11
	2.52
	5.22
	14.11
	19.24
	-1.68
	0
	3.06
	6.63
	14.93
	20.17
	-1.46
	0

	CD (5%)
	0.41
	1.05
	1.97
	2.75
	
	
	0.47
	1.18
	2.09
	2.86
	
	

	SE (m)
	0.14
	0.35
	0.67
	0.93
	
	
	0.15
	0.40
	0.71
	0.97
	
	

	C.V.
	6.42
	6.77
	6.37
	6.33
	
	
	6.31
	6.47
	6.36
	6.31
	
	



T1 = T.T and F.S with AgNPs @50 ppm, T2 = T.T and F.S with AgNPs @75 ppm, T3 = T.T and F.S with AgNPs @100 ppm, T4 = T.T and F.S with AgNPs @125 ppm, T5= T.T and F.S with CuNPs @50 ppm, T6= T.T and F.S with CuNPs @75 ppm, T7 = T.T and F.S with CuNPs @100 ppm, T8 = T.T and F.S with CuNPs @125 ppm, T9 = T.T and F.S with Ridomil MZ @1000 ppm, T10 = Control-1(uninoculated) and T11= Control-2 (inoculated).


4. CONCLUSION 
The study showed that synthesized Ag and Cu nanoparticles from Trichoderma harzianum, especially at 125 ppm, improved growth and biomass of potato, while effectively managing Late blight disease. For farmers, these nanoparticles offer a sustainable and eco-friendly alternative to fungicides. It is recommended to adopt higher concentrations (125 ppm) in potato cultivation for better yield and reduced chemical use. 
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