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Investigating phytochemicals to enhance soybean seed health: A critical evaluation of antifungal activity, seed germination and vigour


Abstract
Soybean (Glycine max) is a vital crop globally, providing oil and protein. However, it's susceptible to various fungal pathogens during development, harvest and storage. This study evaluated the antifungal efficacy of aqueous extracts from seven native plants (Eucalyptus sp., Melia azedarach, Lantana camara, Eupatorium adenophorum, Albizia chinensis, Vitex negundo and Ageratum conyzoides) against three seed-borne fungal pathogens (Aspergillus niger, Colletotrichum truncatum and Alternaria alternata). The plant extracts were assessed at concentrations of 10-50% using the poisoned food technique. Eupatorium adenophorum exhibited the highest inhibition (64.97% against A. niger, 51.90% against C. truncatum and 59.72% against A. alternata) at 50% concentration. Lantana camara and Eucalyptus sp. also demonstrated significant antifungal activity. The seed treatment with E. adenophorum also increased seed germination (87.00, 92.67 and 90.00 %), root length (6.86, 7.02 and 6.93 cm), shoot length (1.40, 1.88 and 1.45 cm) and seedling vigour index (719, 825 and 754) against A. niger, C. truncatum and A. alternata, respectively. This study suggests that native plants can serve as potential sources of eco-friendly and effective antifungal agents for managing seed-borne fungal diseases in soybean. The use of plant extracts as an alternative to chemical treatments can promote sustainable agriculture and reduce environmental pollution.
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1.INTRODUCTION

Soybean (Glycine max) crop is considered as the main source of oil globally and is significant due to its nutritional content and commercial importance (Singh et al. 2019). Cultivation of soybean was instigated in Asia about 5000 years ago, first in China and after that by Japan. It was carried to Europe in the 18th century and then to the United States in the 19th century (Valliyodan et al. 2016; Li et al. 2008; He et al. 2013). Since it is an exceptional source of vegetable oil and proteins (Silva et al., 2017; Singh et al. 2019). Soybean is adapted worldwide for a healthy food due to its high content of isoflavonoids and folic acid which provide health benefits to human. (Kamshybayeva et al. 2017; Tidke et al. 2015). 
During the stages of development, harvest and storage, the crop is attacked by several bacterial, fungal and viral species. Mostly fungi cause major infection to grain than other microorganisms. Seed-borne fungi are the most important pathogens affecting the quality of seed among different plant pathogens (Neergard, 1977). The seed-borne pathogens also contaminate the disease-free areas thus, require a variety of seed treatments to eradicate the seed-borne inoculum and enforcement of regulatory procedures. The increased rate of chemical seed treatments has impact on health and environment. Phytochemicals derived from various bio active plant species offer a promising and natural source of safer agrochemicals (Isman, 2006). There are many botanical products commercialized and reported as antifungal compounds that are present among higher plants and are well known entities for disease resistance. These phytochemicals are biodegradable, protective, curative and selective in toxicity (Chowdhury et al. 2008). Therefore, plant extracts is an alternative approach for controlling plant diseases with eco-friendly nature. These phytoextracts are cost effective, relatively safe for farmers who can’t rely on synthetic pesticides. Keeping this in view, the present investigation was undertaken to evaluate the efficacy of different phytoextracts against seed borne fungi in soybean.
2.MATERIALS AND METHODS
Preparation of plant extract 
Freshly harvested leaves of locally available plant species viz., Eucalyptus camaldulensis (Eucalyptus), Melia azedarach (Drek), Lantana camara (Lantana), Eupatorium adenophorum (Crofton weed), Albizia chinensis (Ohi), Ageratum conyzoides (Billygoat weed) and Vitex negundo (Bana) were collected from the surroundings and dried under shade. The dried leaves of each plant species were grounded in a blender to obtain fine powder. The powder obtained was stored in a clean paper bag at room temperature with proper labelling. The aqueous extracts of above-mentioned plant species were prepared by taking 100-gram fine powder of each botanical and soaking it overnight in 200 ml of sterilized distilled water (1:2 w/v) in 500 ml conical flask. Next day, the suspension was filtered through a double layer of muslin cloth and final volume of 100 ml of plant extract collected. Sterilization of the botanical extracts was done through tyndallization in autoclave at pressure of 5 lb psi for 30 min for three consecutive days. These extracts were treated as 100 per cent stock solutions.
In vitro evaluation of plant extracts against the mycelial growth of the predominantly occurred mycoflora
The antifungal effect of aqueous extracts of six native plants viz., Eucalyptus sp. (Eucalyptus), Melia azedarach (Drek), Lantana camara (Lantana), Eupatorium adenophorum (Crofton weed), Albizia chinensis (Ohi), Vitex negundo (Bana) and Ageratum conyzoides (Billygoat weed) were evaluated against predominantly occurring seed mycoflora. These plant extracts were evaluated at different concentrations (10, 20, 30, 40 and 50%) for inhibition of growth of pathogens by Poisoned Food Technique (Nene and Thapliyal 1973). The experiment was conducted in a completely randomized design. Each treatment was replicated thrice. The desired concentration of the botanical extract was obtained by mixing its double strength solution in sterilized distilled water with equal quantity of sterilized double strength potato dextrose agar (PDA) medium and poured aseptically in sterilized Petri plates under laminar air flow chamber. Double strength PDA medium was mixed with equal quantity of sterilized distilled water to maintain the control treatment. After solidification of the medium amended with desired concentration of aqueous plant extracts, the Petri plates were then inoculated by placing mycelial discs of 5 mm diameter, taken from actively growing culture of pathogen at the center and incubated at 25±1°Cin BOD incubator. The Petri plates were observed periodically for the growth of the pathogen and mycelial growth was measured when control plates were completely covered by mycelial growth of fungal pathogen. Per cent inhibition in mycelial growth was calculated by using formula given by Vincent (1947) 
Per cent inhibition (%) = C-T/C x 100
Where, C = Mycelial growth in control (mm)
  	T = Mycelial growth in treatment (mm)
Evaluation of different botanicals on seed mycoflora and seed health
[bookmark: _Hlk161143068]To study the effect of different phyto-extracts Eucalyptus sp. (Eucalyptus), Melia azedarach (Drek), Lantana camara (Lantana), Eupatorium adenophorum (Crofton weed) Albizia chinensis (Ohi), Vitex negundo (Bana) and Ageratum conyzoides (Billygoat weed)) on seed mycoflora and seed health, seeds inoculated with predominantly occurring seed mycoflora were soaked in each of the plant extract solutions and organic preparations for 24 hours. For observations on frequency of mycoflora associated with the seeds, blotter paper method was used. Four hundred seeds of soybean from each treatment were taken randomly and then placed on the moist filter paper at the rate of 10 seeds per Petri dish. Frequency of mycoflora associated with the seeds were recorded after seven days of incubation. Then, effect of respective plant extracts on seed health were evaluated by paper towel method. Hundred inoculated seeds of variety Shivalik with each of the isolated fungi were placed on double layer of moist towel paper lined by butter paper and covered with towel paper of same size. The same was folded many times and seeds allowed to germinate at 25±1ºC in BOD incubator. The experiment was conducted with three replications. After seven days, seed germination percentage, root and shoot lengths were recorded from the random seedling sample and seedling vigour index was calculated. Seeds soaked in sterilized distilled water served as control treatment. Hundred seeds from each of the treatment with three replications were tested. After incubation period, observations were recorded on germination percentage, root and shoot lengths and using these observations, vigour index was calculated with the help of formula given by Baki and Anderson, 1973:
Vigour index = % seed germination x (mean root length + mean shoot length)
Statistical analysis
The data obtained were subjected to appropriate statistical analysis wherever necessary. The differences exhibited by the treatments in various experiments were tested for their significance using standard procedures (Gomez and Gomez, 1984). Statistical analysis was also performed by one way and two-way ANOVA (Analysis of Variance) using OPSTAT software (Sheoran et al. 1998). CD (critical difference) is used to compare means of different treatments that have an equal number of replications.
3.RESULTS AND DISCUSSION
In vitro evaluation of botanical extracts to inhibit fungal growth of predominant seed mycoflora
The evaluation of different phyto-extracts viz; Eucalyptus sp. (Eucalyptus), Melia azedarach (Drek), Lantana camara (Lantana), Eupatorium adenophorum (Crofton weed) Albizia chinensis (Ohi), Vitex negundo (Bana) and Ageratum conyzoides (Billygoat weed) was done against seed mycoflora at different concentrations viz., 10, 20, 30, 40 and 50 percent. The data on antimicrobial effect of different botanicals against predominant seed mycoflora is discussed below.
Aspergillus niger
It is apparent from Table 1 that all the botanicals were effective against the mycelial growth of Aspergillus niger. Further, it is evident from data that E. adenophorum showed maximum mycelial inhibition (64.97%) followed by L. camara (52.54%), A. conyzoides (41.03%) and Eucalyptus sp. (41.03%) at 50 per cent concentration. The minimum mycelial inhibition of 17.15 per cent was given by V. negundo at 50 per cent concentration (Fig. 1).


Colletotrichum truncatum
It is apparent from Table 2 that all the botanicals were effective against the mycelial growth of C. truncatum. Further, it is evident from data that E. adenophorum gave maximum mycelial inhibition (51.90%) followed by Eucalyptus sp. (38.89%) and L. camara (35.83%) at 50 per cent concentration. The minimum mycelial inhibition of 18.66 per cent was given by M. azedarach at 50 per cent concentration.
Alternaria alternata
It is apparent from Table 3 that all the botanicals were effective against the mycelial growth of A. alternata. Further, it is evident from data that E. adenophorum showed maximum mycelial inhibition (59.72%) followed by Eucalyptus sp. (58.11 %) and L. camara (51.21%) at 50 % concentration. The minimum mycelial inhibition of 20.22 % was given by M. azedarach at 50 % concentration.
 As per literature, E. adenophorum contains bioactive compound terpenoid which has antifungal activity making these plants potential sources of safer and more effective treatments (Bhattarai and Shrestha 2009; Kurade et al. 2010; Kundu et al. 2013; Ahluwalia et al. 2014; Chauhan et al. 2015). Kaur (2019) also evaluated aqueous and alcoholic extracts of different botanicals viz., A. conyzoides, E. adenophorum, V. negundo and Eucalyptus sp. and reported that E. adenophorum was effective among all botanicals against Fusarium solani fsp pisi.
Effect of different botanicals on seed health of soybean
The evaluation of different phyto-extracts viz; Eucalyptus sp. (Eucalyptus), Melia azedarach (Drek), Lantana camara (Lantana), Eupatorium adenophorum (Crofton weed) Albizia chinensis (Ohi), Vitex negundo (Bana) and Ageratum conyzoides (Billygoat weed) was done against predominantly occurred mycoflora viz., A. niger, C. truncatum and A. alternata by towel paper method (Fig. 24). The data on effect of botanicals on seed health parametersof artificially inoculated soybean seed is discussed below.
Aspergillus niger
It is apparent from Table 4 that the treatment of soybean seed with E. adenophorum was most effective among all the seed treatments for seed health parameters in case of A. niger. It showed the highest (87.00%) seed germination, followed by Eucalyptus sp. (86.75%) and L. camara (83.65%) against control treatment (66.43%). The least germination (73.15%) was found in seed treatment with M. azedarach. Further, all the treatments showed larger root and shoot lengths and seedling vigour index as compared to the control. Among all the seed treatments, E. adenophorum showed the highest root length (6.86 cm), shoot length (1.40 cm) and seedling vigour index (719). On the contrary, M. azedarach showed the minimum root length (6.35 cm), shoot length (1.53 cm) and seedling vigour index (577).
Colletotrichum truncatum
Table 4 showed that the treatment of soybean seed with E. adenophorum was the most effective among all the seed treatments for seed health parameters in case of C. truncatum. It showed the maximum (92.67%) seed germination, followed by Eucalyptus sp. (90.00%) and L. camara (87.00%) as against the control treatment (68.33%). The least germination was found in seed treatment with M. azedarach (80.00%). Further, all the treatments showed larger root and shoot lengths and seedling vigour index as compared to control. Among all the seed treatments, E. adenophorum showed highest root length (7.02 cm), shoot length (1.88 cm) and seedling vigour index (825). On the contrary, M.  azedarach showed the minimum root length (6.48 cm), shoot length (1.27 cm) and seedling vigour index (620).
Alternaria alternata
Data presented in Table 4 showed that the treatment of soybean seed with E. adenophorum was the most effective among all the seed treatments. It showed the highest (90.00%) seed germination, followed by Eucalyptus sp. (88.00%) and L. camara (85.00%) as against the control treatment (67.00%). The least germination was found in seed treatment with M. azedarach (77.67%). Further, all the treatments showed larger root and shoot lengths and seedling vigour index as compared to the control. Among all the seed treatments E. adenophorum showed the highest root length (6.93 cm), shoot length (1.45 cm) and seedling vigour index (754). On the contrary, M. azedarach showed minimum root length (6.40 cm), shoot length (1.56 cm) and seedling vigour index (618). 
Patil and Madane (2014) tested aqueous leaf extracts of two weed species viz., Hyptis suaveolens and Eupatorium odoratum on seeds of chickpea and pigeon pea and reported that increase in their concentration decreased seed mycoflora. They also reported that E. odoratum extract was more effective than H. suaveolens. Kaur (2019) also evaluated aqueous and alcoholic extracts of different botanicals (A. conyzoides, E. adenophorum, V. negundo and Eucalyptus sp.) and reported that E. adenophorum was more effective among all the botanicals.
The convergence between the present evaluation of antifungal phytochemicals and the surveillance insights from Gujjar et al. (2025) provides a translational pathway from detection to intervention, ensuring that candidate treatments are vetted against the most epidemiologically relevant fungi in soybean seeds. By illuminating the ecological composition and pathogenic potential of the seed mycobiome, these findings support a holistic, seed-to-field integrated disease management framework that advances sustainable production and safeguards food security through improved seed quality baselines
4.CONCLUSION
[bookmark: _Hlk149816033]Among phyto-extracts of different plant species, Eupatorium adenophorum was found most effective against mycelial growth of A. niger, C. truncatum and A. alternata with 64.97, 51.90 and 59.72 % inhibition, respectively at 50 % concentration. While least mycelial growth inhibition was given by M. azedarach. Seed treatment with E. adenophorum was also found effective in controlling seed mycoflora. The seed treatment with E. adenophorum also increased seed germination (87.00, 92.67 and 90.00 %), root length (6.86, 7.02 and 6.93 cm), shoot length (1.40, 1.88 and 1.45 cm) and seedling vigour index (719, 825 and 754) against A. niger, C. truncatum and A. alternata, respectively. The study’s findings demonstrate strong potential for the practical application of plant-based extracts, particularly those from Eupatorium adenophorum, Lantana camara, and Eucalyptus, as effective and farmer-friendly alternatives to synthetic fungicides for managing seed-borne fungal pathogens in soybean. These extracts are relatively easy to prepare using simple, traditional methods and locally available plant material, making them accessible for smallholder farmers. However, challenges remain regarding the standardization of extract potency, limited shelf-life of aqueous formulations, and variability in bioactive compound content due to environmental factors. Addressing these issues through future research-such as developing stable formulations, conducting field-level trials, and establishing quality control protocols-will be crucial for broader adoption. Additionally, exploring synergistic effects with other biological agents and assessing economic feasibility can further enhance the field-level impact and sustainability of these botanical solutions.
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[bookmark: Table1][bookmark: _Hlk149210421]Table 1 In- vitro evaluation of botanicals against Aspergillus niger

	Botanical
	Mycelial growth(mm) at different concentrations (%)
	Mean
	Mycelial inhibition (%) at different concentrations (%) *
	Mean

	
	10
	20
	30
	40
	50
	
	10
	20

	30

	40
	50
	

	Lantana camera               
	86.91
	78.50
	77.50
	64.00
	42.00
	69.78
	1.80
(7.66)
	11.28
(19.56)
	12.42
(20.63)
	27.67
(31.72)
	52.54
(46.44)
	21.14

	Eupatorium adenophorum         
	68.50
	64.60
	41.00
	35.50
	31.00
	48.12
	22.58
(28.34)
	26.98
(31.26)
	53.67
(47.08)
	59.89
(50.69)
	64.97
(53.69)
	45.62

	Melia azedarach
	83.50
	82.50
	77.00
	76.00
	73.00
	78.40
	5.65
(13.39)
	6.73
(14.07)
	12.99
(21.10)
	14.12
(22.04)
	17.49
(24.65)
	11.40

	Ageratum conyzoides       
	87.57
	77.03
	75.65
	65.73
	51.24
	71.44
	1.04
(5.44)
	12.91
(20.76)
	14.51
(22.37)
	25.72
(30.45)
	42.11
(40.44)
	19.26

	Eucalyptus sp.
	65.27
	59.16
	57.89
	54.00
	52.16
	57.70
	26.24
(30.79)
	33.14
(35.13)
	34.58
(36.00)
	38.95
(38.59)
	41.03
(39.81)
	34.79

	Albizia chinensis
	80.30
	76.00
	74.00
	68.70
	58.50
	71.50
	9.25
(17.67)
	14.11
(22.03)
	16.38
(23.86)
	22.35
(28.17)
	33.87
(35.57)
	19.19

	Vitex negundo                     
	82.23
	80.50
	75.30
	74.50
	73.30
	77.17
	7.07
(15.23)
	9.04
(17.39)
	14.88
(22.58)
	15.79
(23.34)
	17.15
(24.43)
	12.79

	Control                  
	88.50
	88.50
	88.50
	88.50
	88.50
	
	
	
	
	
	
	

	Mean
	80.35
	75.85
	70.86
	65.87
	58.71
	
	9.20
	14.27
	19.93
	25.56
	33.65
	

	CD (p = 0.05) Treatment
	1.14
	
	
	
	
	
	1.49
	

	CD (p = 0.05) Concentration
	0.90
	
	
	
	
	
	1.18
	

	CD (p = 0.05) Treatment x concentration
	2.54
	
	
	
	
	
	3.33
	


*Figures within parentheses are arc sine transformed values
 





[bookmark: _Hlk149210433][bookmark: Table2]     Table 2 In - vitro evaluation of botanicals against Colletotrichum truncatum

	Botanical
	Mycelial growth(mm) at different concentrations (%)
	Mean
	Mycelial inhibition (%) at different concentrations (%) *
	Mean

	
	10
	20
	30
	40
	50
	
	10
	20
	30

	40
	50
	

	Lantana camara               
	69.00
	66.50
	62.00
	52.50
	51.00
	60.20
	13.18
(21.26)
	16.32
(23.79)
	21.97
(27.91)
	33.92
(35.60)
	35.83
(36.75)
	24.24

	Eupatorium adenophorum         
	63.50
	60.50
	56.50
	49.00
	38.20
	53.54
	20.14
(26.65)
	23.86
(29.21)
	28.93
(32.52)
	38.33
(38.23)
	51.90
(46.07)
	32.63

	Melia azedarach
	71.33
	75.00
	72.16
	67.90
	64.66
	70.21
	10.28
(18.69)
	5.64
(13.60)
	9.22
(17.50)
	14.53
(22.31)
	18.66
(25.55)
	11.67

	Ageratum conyzoides       
	74.33
	70.50
	66.56
	62.23
	58.18
	66.36
	6.49
(14.72)
	11.27
(19.48)
	16.23
(23.71)
	21.65
(27.65)
	26.78
(31.14)
	16.48

	Eucalyptus sp.
	68.56
	63.27
	56.50
	52.46
	48.56
	57.87
	13.69
(21.57)
	20.35
(26.70)
	28.90
(32.50)
	33.96
(35.62)
	38.89
(38.56)
	27.16

	Albizia chinensis
	73.50
	68.40
	75.23
	66.16
	62.44
	69.15
	7.49
(15.63)
	13.95
(21.86)
	5.31
(12.91)
	16.79
(24.16)
	21.42
(27.54)
	12.99

	Vitex negundo                     
	74.76
	73.66
	67.66
	65.65
	57.40
	67.83
	5.97
(14.05)
	7.32
(15.56)
	14.89
(22.61)
	17.39
(24.62)
	27.79
(31.80)
	14.67

	Control                  
	79.50
	79.50
	79.50
	79.50
	79.50
	
	
	
	
	
	
	

	Mean
	71.81
	69.67
	67.01
	61.93
	57.49
	
	9.66
	12.34
	15.68
	22.07
	27.66
	

	CD (p = 0.05) Treatment
	1.22
	
	
	
	
	
	1.46
	

	CD (p = 0.05) Concentration
	0.97
	
	
	
	
	
	1.16
	

	CD (p = 0.05) Treatment x concentration
	2.73
	
	
	
	
	
	3.27
	


      *Figures within parentheses are arc sine transformed values









    
[bookmark: Table3][bookmark: _Hlk149210448]Table 3 In - vitro evaluation of botanicals against Alternaria alternata

	Botanical
	Mycelial growth(mm) at different concentrations (%)
	Mean
	Mycelial inhibition (%) at different concentrations (%) *
	Mean

	
	10
	20
	30
	40
	50
	
	10
	20
	30

	40
	50
	

	Lantana camara               
	61.71
	59.56
	53.00
	46.33
	41.19
	52.36
	26.88
(31.19)
	29.43
(32.83)
	37.16
(37.53)
	45.12
(42.18)
	51.21
(45.68)
	37.96

	Eupatorium adenophorum         
	62.00
	44.50
	38.50
	38.10
	34.00
	43.42
	26.51
(30.93)
	47.27
(43.41)
	54.37
(47.49)
	54.86
(47.77)
	59.72
(50.59)
	48.55

	Melia azedarach
	83.26
	77.50
	76.83
	68.73
	67.33
	74.73
	1.44
(6.54)
	8.14
(16.16)
	8.97
(17.13)
	18.59
(25.48)
	20.22
(26.66)
	11.47

	Ageratum conyzoides       
	66.50
	57.50
	54.50
	53.00
	44.50
	55.20
	21.14
(27.23)
	31.94
(34.39)
	35.43
(36.51)
	37.25
(37.60)
	47.28
(43.42)
	34.61

	Eucalyptus sp.
	55.33
	50.83
	45.33
	42.66
	35.33
	45.90
	34.41
(35.88)
	39.75
(39.06)
	46.29
(42.86)
	49.47
(44.68)
	58.11
(49.66)
	45.61

	Albizia chinensis
	75.52
	72.34
	67.75
	63.45
	56.68
	67.15
	10.52
(18.63)
	14.26
(22.03)
	19.71
(26.27)
	24.82
(29.81)
	32.88
(34.96)
	20.44

	Vitex negundo                     
	77.50
	73.36
	70.00
	66.33
	64.66
	70.37
	8.19
(16.43)
	13.07
(21.05)
	17.08
(24.35)
	21.47
(27.58)
	23.34
(28.79)
	16.63

	Control                  
	84.50
	84.50
	84.50
	84.50
	84.50
	
	
	
	
	
	
	

	Mean
	70.79
	65.01
	61.30
	57.89
	53.53
	
	16.14
	22.98
	27.38
	31.45
	36.59
	

	CD (p = 0.05) Treatment
	1.31
	
	
	
	
	
	1.69
	

	CD (p = 0.05) Concentration
	1.03
	
	
	
	
	
	1.34
	

	CD (p = 0.05) Treatment x concentration
	2.93
	
	
	
	
	
	3.79
	


*Figures within parentheses are arc sine transformed value






[bookmark: Table4]Table 4 Effect of different botanicals on seed health of artificially inoculated seeds of soybean by towel paper method

	Botanicals
	Aspergillus niger
	Colletotrichum truncatum
	Alternaria alternata

	
	Germination
 (%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index
	Germination 
(%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index
	Germination (%) *
	Root length (cm)
	Shoot length (cm)
	Seedling vigour index

	Eucalyptus sp.        
	86.75
(68.70)
	6.82
	1.30
	704
	90.00
(71.58)
	6.94
	1.82
	788
	88.00
(69.84)
	6.90
	1.32
	723

	Eupatorium adenophorum         
	87.00
(68.87)
	6.86
	1.40
	719
	92.67
(74.45)
	7.02
	1.88
	825
	90.00
(71.65)
	6.93
	1.45
	754

	Vitex negundo                     
	74.00
(59.32)
	6.48
	1.73
	608
	81.40
(64.45)
	6.65
	1.47
	661
	78.67
(62.51)
	6.53
	1.78
	654

	Lantana camara     
        
	83.65
(66.21)
	6.78
	1.10
	659
	87.00
(68.99)
	6.90
	1.72
	750
	85.00
(67.24)
	6.83
	1.17
	681

	Ageratum conyzoides   
	81.30
(64.35)
	6.65
	0.97
	619
	86.75
(68.64)
	6.78
	1.67
	733
	84.33
(66.66)
	6.70
	1.04
	653

	Albizia chinensis
	76.75
(61.16)
	6.42
	1.60
	616
	83.66
(66.13)
	6.64
	1.54
	684
	80.00
(63.41)
	6.57
	1.65
	657

	Melia azedarach
	73.15
(58.77)
	6.35
	1.53
	577
	80.00
(63.42)
	6.48
	1.27
	620
	77.67
(61.78)
	6.40
	1.56
	618

	Negative control
	66.43
(54.57)
	5.75
	0.50
	415
	68.33
(55.74)
	4.73
	0.53
	360
	67.00
(54.92)
	4.90
	0.50
	362

	Positive control
	68.67
(55.94)
	6.67
	0.70
	506
	76.40
(60.92)
	5.86
	1.05
	528
	74.00
(59.32)
	5.53
	0.83
	471

	CD (P=0.05)
	2.51
	0.27
	0.08
	
	3.15
	0.50
	0.22
	
	3.06
	0.77
	0.25
	


*Figures within parentheses are arc sine transformed values
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[bookmark: Fig3][image: ]Figure 1: In - vitro evaluation of different botanicals against (a) A. niger; 
(b) C. truncatum; (c) A. alternata
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Figure 24: Effect of seed treatment with Eupatorium adenophorum on seed health
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Fig. 4: Effect of seed treatment with Eupatorium adenophorum on seed health





