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Fig. S1 Preparation and application of the endophyte-based fungal consortium in V. jatamansi. (a) Cultures of the eight fungal isolates (VRzFF, VRzFG, VRzFK, VRzFL, VLF12, VLF15, VLF16, and VSF19) used for consortium preparation. (b) Compatibility assessment of the fungal isolates by co-culture on PDA plates, showing compatible growth without visible antagonistic interactions. (c) Harvested mycelial biomass suspended in 0.85% NaCl solution for consortium preparation. (d) Prepared an endophyte-based fungal consortium. (e) Foliar application of the fungal consortium to V. jatamansi plants
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  Fig. S2 Optimization of salicylic acid and seaweed extract concentrations based on shoot length (cm) of V. jatamansi after one month of cultivation. a) salicylic acid (SA), b) seaweed extract (SWE)
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   Fig. S3 Chl fluorescence images of QY_max, ɸPSII, NPQ and qP in leaves of control, SA,    FE and SWE treated V. jatamansi plants. SA, salicylic acid; FE, fungal endophytes; SWE, seaweed extract; QY_max, maximum photosynthetic efficiency of PSII; ɸPSII, yield of PSII; NPQ, non-photochemical quenching; qP, photochemical quenching based on the puddle model
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  Fig. S4 a) Essential oil yield in extracted oil from V. jatamansi root. b) Patchouli alcohol concentration of different samples. SA, salicylic acid; FE, fungal endophytes; SWE, seaweed extract
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Fig. S5 Antimicrobial activity of modified formulations compared to baseline control against four bacterial strains. Significance was analyzed via two-way ANOVA, followed by Dunnett’s post-hoc test (* p < 0.05, *** p < 0.001, **** p < 0.0001, ns p > 0.05, compared to control) 















           
      
      Table S1 Molecular identification of fungal endophytes used in the present study

	
Isolate code
	
Tissue
	
Identification
	
% Similarity
	Accession no. of fungal isolates
	
Phylum
	
Class
	

	VRzFF
	Rhizome
	Fusarium oxysporum
	99.53
	PP748556
	Ascomycota
	Sordariomycetes
	Isolated and characterized in Thakur et al. [3]

	VRzFG
	Rhizome
	Penicillium sajarovii
	100
	PP748557
	Ascomycota
	Eurotiomycetes
	

	VRzFK
	Rhizome
	Penicillium raistrickii
	99.77
	PP748561
	Ascomycota
	Eurotiomycetes
	

	VRzFL
	Rhizome
	Penicillium sajarovii
	100
	PP748562
	Ascomycota
	Eurotiomycetes
	

	VLF12
	Leaf
	Colletotrichum higginsianum
	98.38
	PP748564
	Ascomycota
	Sordariomycetes
	Isolated and characterized in this study

	VLF15
	Leaf
	Paraphoma chrysanthemicola
	99.47
	PP748566
	Ascomycota
	Dothideomycetes

	VLF16
	Leaf
	Colletotrichum sp.
	97.79
	PP748567
	Ascomycota
	Sordariomycetes

	VSF19
	Seed
	Penicillium chrysogenum
	99.82
	PP748568
	Ascomycota
	Eurotiomycetes
	



















Table S2 Percentage (%) inhibition of Valeriana jatamansi essential oil tested against four bacterial type strains

Data are presented as the mean ± standard error (SE) based on three biological replicates (n = 3). SA, salicylic acid; FE, fungal endophytes; SWE, seaweed extract



 

	Samples
	% Inhibition (Gram-positive)
	% Inhibition (Gram-negative)

	
	B. subtilis
	 S. aureus
	S. typhimurium
	E. coli

	Control
	99.80 ± 0.90
	76.27 ± 0.48
	58.42 ± 7.94
	26.56 ± 14.96

	SA
	99.95 ± 0.52
	83.36 ± 7.46
	74.81 ± 14.89
	65.87 ± 4.88

	SWE
	99.47 ± 0.11
	97.93 ± 2.06
	96.85 ± 2.52
	82.72 ± 9.25

	FE
	99.57 ± 1.64
	78.96 ± 4.45
	77.42 ± 3.20
	65.59 ± 3.37

	Tetracycline
(Positive control)
	98.13 ± 0.67
	90.44 ± 0.96
	90.67 ± 0.88
	96.20 ± 0.40

















       Table S3 Minimum inhibitory concentration (MIC) of V. jatamansi essential oil against B. subtilis
	Concentration (mg/mL)
	Samples (% inhibition)

	
	Control
	SA
	SWE
	FE

	0.03
	92.70 ± 3.46
	94.70 ± 2.28
	94.12 ± 2.23
	94.98 ± 1.33

	0.06
	98.29 ± 0.59
	98.95 ± 0.34
	98.38 ± 1.18
	99.84 ± 0.04

	0.12
	99.74 ± 0.04
	99.5 ± 0.25
	99.66 ± 0.06
	99.93 ± 0.01

	0.25
	99.90 ± 0.09
	99.77 ± 0.01
	99.93 ± 0.04
	99.92 ± 0.01

	0.50
	99.80 ± 0.90
	99.95 ± 0.20
	99.95 ± 0.52
	99.89 ± 0.08

	Tetracycline 
(30 μg /mL)
	    98.13 ± 0.67 


Data are presented as the mean ± standard error (SE) based on three biological replicates (n = 3). SA, salicylic acid; FE, fungal endophytes; SWE, seaweed extract






















	Concentration (mg/mL)
	% Inhibition (Gram-positive)
	% Inhibition (Gram-negative)

	
	S. aureus
	S. typhimurium

	0.03
	82.44 ± 3.01
	93.76 ± 0.16

	0.06
	95.23 ± 0.93
	94.16 ± 1.06

	0.12
	97.57 ± 0.44
	93.80 ± 1.68

	0.25
	97.86 ± 0.48
	96.23 ± 0.39

	0.50
	97.10 ± 1.48
	97.18 ± 0.50

	Tetracycline (30 μg /mL)
	90.44 ± 0.96
	90.67 ± 0.88


Table S4 Minimum inhibitory concentration (MIC) of V. jatamansi essential oil against S. typhimurium (Gram-negative) and S. aureus (Gram-positive) of sample SWE
Data are presented as the mean ± standard error (SE) based on three biological replicates (n = 3) 
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