In vitro evaluation of seed dressing fungicides, bioagents and plant extracts against seed mycoflora of Niger

Abstract:
Niger (Guizotia abyssinica Cass.) seeds were evaluated for the efficacy of chemical fungicides, biological agents, plant extracts and organics in managing seed-borne infections and enhancing seed quality by the rolled paper towel method. All treatments significantly reduced seed infection and improved germination and seedling vigour over the untreated control, which recorded 43.67 per cent seed infection, 64.00 per cent germination and a vigour index of 1245.69. Seed treatment with (captan 70% + hexaconazole 5% WP) at 3 g/kg seed was most effective, with the lowest seed infection (14.56%), highest germination (90.67%) and vigour index (2410.24). Bioagent Trichoderma harzianum (IOF strain) at 10 g/kg seeds effectively reduced infection to 11.33 per cent, while improving germination to 81.33 per cent and vigour to 2045.76. Among botanicals, garlic clove extract at 10 per cent was found superior, with the least per cent seed infection (20%), highest germination (79.33%) and a vigour index of 1987.27. Among the three commercial products tested, seed soaking with Multineem was effective, with a seed germination rate of 70 per cent, which was comparable to seed soaking with Nembecidine, with a germination rate of 64.67 per cent. However, seed soaking with Nembecidine showed the lowest seed infection of 27.67 per cent. In contrast, cow urine and vermiwash were less effective than the untreated check. The findings support the integrated use of chemical and biological treatments for effective and sustainable seed health management.
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INTRODUCTION
Niger (Guizotia abyssinica Cass.), although considered a minor oilseed crop, is important due to its high-quality oil, which accounts for 34 to 36 per cent of the seeds, and its high protein content, ranging from 18 to 20 per cent, with 70 per cent of the fatty acids being unsaturated (Anon., 2013). India ranks first in the world in terms of area, production and export of niger (Rai et al., 2016). Niger is primarily grown on the denuded soils in the tribal pockets under input-starved conditions in India. Further, it is the lifeline of tribal agriculture and economy. Niger crop grows successfully without chemicals. It has a yield potential of 800-1000 kg/ha under optimum growing conditions (Anon., 2013). The low seed rate, capability to grow on a wide range of soils and sowing period starting from the onset of monsoon in June to September-October, make this crop ideal for contingent cropping under rainfed situations. In India, it is mainly cultivated in tribal pockets of Gujarat, Madhya Pradesh, Orissa, Maharashtra, Bihar, Karnataka and Andhra Pradesh (Anon., 2013). The crop is affected by several fungal diseases. The important diseases of niger are Alternaria blight (Alternaria porii and A. alternata), leaf spot (Cercospora guizoticola), seedling blight (Alternaria tenuis), seed rot (Rhizoctonia bataticola), rust (Puccinia guizotiae), powdery mildew (Sphaerotheca sp.), root rot (Macrophomina phaseolina) and Cuscuta as a phanerogamic parasite (Sandipan et al., 2018).
While seeds are resilient to various agro-climatic conditions, they are susceptible to various seed-borne fungi. These fungi can cause seed rot, reduced germination and seedling vigor, spoilage of stored seeds and a decline in oil quality, leading to economic losses. Thus, effective management of these fungi is crucial for maintaining seed quality and productivity. In vitro evaluation of seed mycoflora is a crucial step in identifying fungal pathogens and testing effective management strategies under controlled conditions.    
Seed treatment with fungicides, biological agents (bioagents) and plant-derived extracts offers potential solutions for managing seed-borne fungi and thus increases genetic potential and ultimately yield. Fungicides remain a widely used tool for controlling fungal pathogens. Bioagents provide eco-friendly options by antagonizing pathogenic fungi (Chaudhari et al., 2017). Similarly, plant extracts with antifungal properties offer a potential and sustainable approach to combating seed-borne fungi (Chaudhari et al., 2017). The present investigation was undertaken to study the effect of fungicides, bio-agents and plant extracts on seed mycoflora, seed germination, seedling length, and vigor index of niger.
2. MATERIALS AND METHODS
2.1 Collection of experimental materials
Seed samples of a variety, DNS-4, were collected from the All India Coordinated Research Project (AICRP) on Sesame and Niger, University of Agricultural Sciences, Dharwad, Karnataka (India). The collected samples were packed in cloth bags and stored at room temperature (25±2 °C) for further investigation. The trial was laid out in a Completely Randomized Design (CRD) under laboratory conditions.
2.2 Rolled paper towel method
A random selection of 50 seeds was evenly placed on two layers of moist germination paper. These layers were then placed on a polythene sheet and carefully rolled to prevent any excess pressure on the seeds. The towels were positioned at an angle and incubated in seed germinators at 28±2 ºC, cycling between 12 hours of darkness and 12 hours of light for ten days. The final count was taken on the tenth day (Anon., 2019). All morphologically normal seedlings were counted and germination was expressed as a percentage. Percent infection of mycoflora were recorded based on number of seeds infected with mycoflora among the total seeds. To assess seedling vigor, ten randomly selected normal seedlings from the germination test were chosen and the root length was measured from the collar region to the tip of the primary root. The same seedlings were used to measure shoot length, from the collar region to the junction point of the cotyledons. The mean root and shoot length were recorded in centimetres. The vigour index was calculated using the formula developed by Abdul Baki and Anderson (1973), as follows.
Vigour Index = seed germination (%) × seedling length (shoot + root length (cm))
2.3 Evaluation of seed dressing fungicides against seed mycoflora of niger
The study was carried out to determine the efficacy of different seed dressing fungicides in eliminating the seedborne fungal infections from the seed samples.
Seeds were treated with seed dressing fungicides namely carbendazim 50% WP, (tricyclazole 18% + mancozeb 62% WP), (carboxin 37.5% + thiram 37.5% DS), captan 50% WP, (captan 70% + hexaconazole 5% WP), tebuconazole 2DS, (thiophanate methyl 45% + pyraclostrobin 5% FS) and (mancozeb 50% + carbendazim 25% WS) by following dry seed treatment at 0.1, 0.2 and 0.3 per cent concentrations. Then, the seeds were dried in the shade. Three replications of 50 seeds per treatment were tested in the moist paper towel (rolled towel) method as described earlier and then incubated in a seed germinator at 28±2 °C under 12 hrs of light and darkness. The untreated sample served as a control. Data were recorded in terms of seed infection (%), seed germination (%), root length (cm), shoot length (cm) and vigour index after 10 days of incubation. Ten normal seedlings were picked up randomly from each replication of the germination test on the final day. The mean values were used for computing the vigor indices, adopting the method of Abdul-Baki and Anderson (1973) using the following formula.
Vigour Index = Germination (%) × seedling length (shoot length + root length (cm))
	Tr.No.
	Common name
	Trade name

	T1
	carbendazim 50% WP
	Hycarb

	T2
	(tricyclazole 18% + mancozeb 62% WP)
	Merger

	T3
	(carboxin 37.5% + thiram 37.5% WS)
	Vitavax Power

	T4
	captan 50% WP
	Captaf

	T5
	(captan 70% + hexaconazole 5% WP)
	Taqat

	T6
	tebuconazole 2DS
	Raxil

	T7
	(thiophanate methyl 45%+ pyraclostrobin 5% FS)
	Xelora

	T8
	(mancozeb 50% + carbendazim 25% WS)
	Sprint

	T9
	Untreated check
	-



2.4 Evaluation of bioagents against the seed mycoflora of niger
The powder formulations of antagonists, viz., Trichoderma harzianum Rifai, Trichoderma viride Pers. Ex. S.F. Gray, Pseudomonas fluorescens Migula and Bacillus subtilis Cohn collected from the Institute of Organic Farming (IOF), University of Agricultural Sciences, Dharwad and Amruth Organic Fertilizers (AOF) were used for seed treatment to evaluate their effect against seedborne infection under in vitro conditions by the rolled paper towel method at the rate of 0.5 and 1.0 per cent (w/w) concentrations. The seeds were placed in a mechanical shaker with bioagents for 20 minutes to achieve uniform application. The treated seeds were tested in three replications of 50 seeds using the rolled paper towel method. Seeds without treatment served as control and were incubated at 28±2 °C for 10 days under 12 hrs light and darkness. After ten days of incubation, per cent infection, seed germination (%), root length (cm), shoot length (cm) were recorded and the seedling vigour index was calculated as stated earlier. 
2.5 Evaluation of plant extracts against the seed mycoflora of niger
Aqueous plant extracts of test botanicals are prepared by grinding the mixture and filtering it through a double layered muslin cloth. Each of the filtrates obtained was further filtered through Whatman No.1 filter paper using a funnel and volumetric flasks (100 ml), and the final clear extracts form the stock solution or standard plant extracts of 100 per cent concentration. Five and ten ml of stock solution were mixed with 95 ml and 90 ml of sterilized water, respectively, to get 5 and 10 per cent concentration and evaluated in vitro against seed mycoflora. 
In each treatment, seeds were soaked in 50 ml of extract for 15 minutes and dried in the shade for 24 hours. Seeds soaked in sterile distilled water served as a control. The treated seeds were tested in three replications of 50 seeds using the rolled paper towel method and then incubated at 28±2 °C for 10 days under 12 hrs light and darkness. Seed infection (%), seed germination (%), root length (cm), shoot length (cm) and vigour index were recorded after 10 days of incubation. Seedling vigor index was also calculated as stated earlier.
2.6 Statistical analysis
The experiment was conducted in a factorial completely randomized design with three replications, as per the standard method suggested by Panse and Sukhatme (1985), and the data under study were subjected to statistical analysis for proper interpretation. Percentage data on seed mycoflora and seed germination were transformed into arcsine transformation before analysis. The standard error of mean (S.Em. ±) was computed for each treatment, and the critical difference (CD) at the 5 per cent level of significance was calculated to compare treatment means. The coefficient of variation (CV) was also estimated for all parameters.
3. RESULTS AND DISCUSSION
3.1 Evaluation of seed dressing fungicides against seed mycoflora of niger
Different seed health testing methods, including the blotter method, agar plate method and rolled paper towel method, revealed the presence of various mycoflora associated with the seeds. Alternaria, Fusarium, Cercospora, Rhizopus, Botrytis, Chaetomium, Aspergillus flavus and Aspergillus niger were the mycoflora associated with the seeds.   
The efficacy of seed dressing fungicides were evaluated by examining the percentage of seed infection, seed germination and seedling vigor index, as detailed in the ‘Materials and Methods’. The results are presented in Table 1 and Fig. 1.
Results indicated a significant reduction in per cent infection in all the treatments over the control. Seed treatment with fungicides yielded the least per cent seed infection with maximum germination and vigor index compared to the control. Among the different fungicides tested, (captan 70% + hexaconazole 5% WP) was found to be most effective with the least per cent seed infection (14.56), which was significantly superior to all other treatments. This was followed by captan 50% WP, which was found on par with tebuconazole 2DS with a per cent seed infection of 16.67 and 17.11, respectively. Seed treatment with (carboxin 37.5% + thiram 37.5% WS) was least effective in reducing per cent seed infection (24.22 %). Among the different concentrations, 0.3 per cent was found to be most effective in reducing the percentage of seed infection (21.11 %) and was significantly superior compared to 0.2 per cent (22.52 %) and 0.1 per cent concentrations, which proved least effective with a high percentage of seed infection (23.56 %). 
All the fungicidal treatments were found to be significantly superior to the control, which exhibited per cent seed infection, per cent seed germination and vigor index of 43.67, 64.00 and 1245.69, respectively. Seed treatment with (captan 70% + hexaconazole 5% WP) recorded maximum per cent seed germination (90.67), followed by tebuconazole 2DS, which was found on par with (thiophanate methyl 45%+ pyraclostrobin 5% FS) and captan 50% WP with per cent seed germination of 86.67, 85.44 and 84.89 per cent, respectively. Simultaneously, seed treatment with (captan 70% + hexaconazole 5% WP) recorded a higher seedling vigor index of 2410.24, compared to the untreated check (1245.69).
Seed treatment with (captan 70% + hexaconazole 5% WP) at 0.3 per cent exhibited per cent seed infection, per cent seed germination and vigor index of 13.67, 91.33 and 2483.9, respectively, and showed significant differences from 0.1 and 0.2 per cent concentrations (Table 1). 
[bookmark: _Hlk186911055]  The results obtained are consistent with the findings of Charjan et al. (2015), who reported that captan at 0.3 per cent was highly effective in reducing the seed mycoflora of sunflower and increased the seed germination (93.00 %) along with the vigour index (3812). The above results are in accordance with Rajendraprasad et al. (2021), who reported that the seed treatment with captan (0.25 %) was found effective and recorded the least per cent seed mycoflora (8.50) along with maximum seed germination (87.50) and vigor index (1326.35) in safflower. Similar results were obtained by Radha and Chattannavar (2017) for the management of seedborne diseases of sesame. The fungicide captan primarily serves as a protectant, though it has occasionally been found to be involved in systemic action. The inhibition of the endogenous respiration of fungal spores is most likely what makes the fungicide captan effective at preventing the colonization of fungi, as claimed by Owens and Novotny (1959) in the case of the fungus Neurospora sitophila. Improvement in seed quality and reduction in seed mycoflora by tebuconazole may be due to its plant growth-regulating properties (Fletcher et al., 2000).
3.2 Evaluation of bioagents against seed mycoflora of niger 
Six talc-powdered formulations of bioagents were used at two different concentrations, viz., 5 and 10 per cent, to test their efficacy against seedborne mycoflora by the rolled paper towel method. Their efficacy was tested by studying per cent seed infection, per cent seed germination and the seedling vigour index as mentioned in the ‘Materials and Methods’. Results are presented in Table 2 and Fig. 2.
           All the treatments showed significant differences from the control. Among the evaluated bioagents, T. harzianum (IOF strain) had the lowest percentage of seed infection, leading to the highest seed germination rate and seedling vigor index, recorded at 12.33, 76.67 and 1884.43, respectively. This was followed by P. fluorescens (AOF strain), which showed a seed infection of 14.50 percent, while seed germination (73.83) was comparable to P. fluorescens (IOF strain) and B. subtilis (AOF strain), with 74.67 and 73.50, respectively. Among the different concentrations, the 1.0 per cent concentration significantly reduced seed infection (22.90 %), and increased seed germination (71.81) and vigor index (1620.20), compared to the 0.5 per cent concentration, which had a seed infection of 25.00 per cent, seed germination of 68.57 and a vigor index of 1486.12. T. harzianum (IOF strain) seed treatment at 1.0 per cent yielded a seed infection rate of 11.33 per cent, seed germination of 81.33 per cent and vigor index of 2045.76, which were significantly better than the 0.5 per cent treatment, with seed infection, germination and vigor index of 13.33, 72, and 1723.71, respectively. B. subtilis (IOF strain) was the least effective, showing a maximum seed infection of 27.67 per cent, seed germination of 64.17 per cent and a vigor index of 1407.47, but still differed significantly from the control, which had a seed infection of 43.67 per cent, seed germination of 64.00 and a vigor index of 1245.69 (Table 2).
Similar results were obtained by Mallesh et al. (2008), who recorded maximum per cent seed germination of pigeon pea (92.00) in seed bio-priming with T. viride and T. harzianum, along with seedling vigour index 2240 and 2235 by T. viride and T. harzianum, respectively. The current findings are in agreement with Rajendraprasad et al. (2021), who reported that among the bioagents, seed treatment with T. harzianum recorded minimum seed infection (10.00 %), maximum seed germination (87.00 %) and seedling vigor index (126.35) for the management of seed mycoflora of safflower. The current findings are consistent with the findings of Bharath et al. (2005), Kakde and Chavan (2011), Mogle and Maske (2012), Singh et al. (2015), Gawade et al. (2016), Kumari (2018) and Sharma et al. (2023) who reported antagonistic activity of T. harzianum against seed mycoflora, which further improved seed germination and enhanced seedling vigor in cucumber.
T. harzianum is reported to give systemic protection against many seed borne foliar diseases (Linda, 2000) and is also known to provide plants with beneficial compounds such as glucose oxidase and growth-stimulating compounds that can increase their vigor and reduce seed infection (Brunner et al., 2005). Moreover, these fungi produce antibiotics such as gliotoxin and viridin; cell wall-degrading enzymes such as chitinase and glucanase and also biologically active heat-stable metabolites such as ethyl acetate, which play an important role in disease suppression (Mujeebur et al., 2004).
3.3 Evaluation of plant extracts and organics against the seed mycoflora of niger
Three plant extracts were evaluated at two concentrations, viz., 5.0 and 10 per cent, while the remaining five treatments were evaluated at two concentrations, viz., 0.5 and 1.0 per cent, by the rolled paper towel method. The efficacy of plant extracts was compared by studying per cent seed infection, per cent seed germination and seedling vigour index, as mentioned in the ‘Materials and Methods’ and results are presented in Table 3. 
[bookmark: _Hlk203372275]Among the plant extracts evaluated, seed soaking with garlic clove extract (Allium sativum) proved to be most effective, as it recorded a minimum per cent seed infection of 20.84 and a maximum per cent seed germination of 78.17 and the highest seedling vigour index of 1823.66. This was followed by seed soaking with ginger rhizome extract, which exhibited per cent seed infection of 22.67 and per cent seed germination of 74.17, which was on par with neem seed kernel extract, with per cent seed infection of 23.00 and per cent seed germination of 74.50. Seed soaking with onion bulb extract (A. sativum) at 10 per cent concentration exhibited per cent seed infection of 20.00, per cent seed germination of 79.33 and vigor index of 1987.27.
Among the three commercial products, viz., Multineem (Azadirachtin 0.03 % w/w, Multiplex Biotech Pvt. Ltd.), Perfekt (Biostimulant  from unique & exotic herbs and medicinal plants, Global Green Agrinova) and Nimbecidine (Azadirachtin 300 ppm EC, T. Stanes Co. Ltd.) evaluated at 0.5 per cent and 1.0 per cent, seed soaking with Multineem was found to be effective, with seed germination of 70 per cent, which was found on par with seed soaking with Nimbecidine, with a per cent seed germination of 64.67. The seedling vigour index of Multineem and Nimbecidine displayed 1530.94 and 1513.89, respectively. However, seed soaking with Nimbecidine showed the lowest per cent seed infection of 27.67, which differed significantly from seed soaking with Multineem with a per cent seed infection of 32.00. However, cow urine and vermiwash were found to be the least effective and statistically on par with each other in conjunction with per cent seed infection and seed germination of 39.67, 51.17 and 40.84, 45.17, respectively. However, both treatments were found to be less effective than the control, which displayed per cent seed infection, seed germination and vigour index of 43.67, 64.00 and 1245.69, respectively (Table 3).
Similar results were obtained by Afzal et al. (2010). They reported that the extract of A. sativum at a concentration of 0.015 per cent showed the best antifungal properties against all the fungi tested and thus represents a useful substitute for the control of hazardous fungicides. Chaudhari et al. (2017) reported that seed treatment with an extract of A. sativum resulted in increased seed germination, seedling length and vigor index compared to an untreated check. The above results are in concordance with the findings of Mahal et al. (2014), who obtained promising results with seed soaking of A. sativum in controlling seed mycoflora of lentil and khesari. 
A sulfur-containing compound in garlic, known as di-allyl thiosulfinate (allicin), is the active component in the inhibition of the growth of fungi. The mechanism of antifungal action of allicin involves the degradation and dissolution of cytoplasm components in addition to the destruction of the cell wall and cell membrane (Park et al., 2009). The formation of allicin is followed by its rapid decomposition into sulphur-derived compounds such as diallyl disulphide, diallyl sulphide, diallyl trisulphide, sulphur dioxide, allyl propyl disulphide and diallyl tetrasulphide. This fact has led some researchers to suspect that the antimicrobial activity may be a result of the action of a combination of sulphur and sulphur-related compounds (Harris et al., 2001). In contrast, cow urine and vermiwash treatments were comparatively less effective in reducing seed infection and improving germination and seedling vigour. Unlike garlic (Allium sativum), which contains allicin, and neem extracts rich in azadirachtin and related compounds, cow urine and vermiwash do not contain strong, specific antifungal bioactive compounds in sufficient concentrations to suppress seed-borne fungi effectively. Lower germination and vigour index may indicate mild phytotoxicity or osmotic imbalance affecting seed metabolism and early seedling growth.
Conclusion
Among the seed dressing fungicides, bioagents, plant extracts and organics evaluated against seed mycoflora, seed treatment with (captan 70% + hexaconazole 5% WP) at 0.3 per cent, Trichoderma harzianum at 1 per cent and seed soaking with Allium sativum (garlic clove extract) at 10 per cent was found to be most effective, showing the lowest seed infection, highest germination rate and seedling vigor index. 
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Table 1: In vitro evaluation of seed dressing fungicides against seed mycoflora and seedling vigor index of niger by rolled paper towel method

	[bookmark: _Hlk203371953]Tr. No
	Treatment details
	Per cent seed infection**
	Per cent seed germination**
	Seedling vigor index**

	
	
	0.1%
	0.2%
	0.3%
	Mean
	0.1%
	0.2%
	0.3%
	Mean
	0.1%
	0.2%
	0.3%
	Mean

	T1
	carbendazim 50%WP
	23.33
(28.88) *
	22.33
(28.20)
	21.33
(27.51)
	22.33
(28.20)
	78.00
(62.03)
	82.00
(64.9)
	90.33
(71.89)
	83.44
(65.99)
	1619.05
	1858.03
	1949.60
	1808.89

	T2
	(tricyclazole 18% + mancozeb 62% WP)
	25.67
(30.44)
	22.00
(27.97)
	21.00
(27.27)
	22.89
(28.58)
	74.00
(59.34)
	82.00
(64.90)
	81.67
(64.65)
	79.22
(62.88)
	1494.13
	1904.30
	2029.83
	1809.42

	T3
	(carboxin 37.5% + thiram
37.5% DS)
	26.33
(30.87)
	24.33
(29.56)
	22.00
(27.97)
	24.22
(29.48)
	75.33
(60.22)
	79.33
(62.96)
	85.33
(67.48)
	80.00
(63.43)
	1548.90
	1737.10
	1938.47
	1741.49

	T4
	captan 50% WP
	18.33
(25.35)
	17.00
(24.35)
	14.67
(22.52)
	16.67
(24.10)
	82.33
(65.15)
	83.67
(66.16)
	88.67
(70.33)
	84.89
(67.12)
	2049.60
	2085.6
	2289.97
	2141.72

	T5
	(captan 70% + hexaconazole 5% WP)
	15.67
(23.32)
	14.33
(22.25)
	13.67
(21.70)
	14.56
(22.43)
	88.33
(70.03)
	92.33
(73.93)
	91.33
(72.88)
	90.67
(72.21)
	2358.03
	2388.78
	2483.9
	2410.24

	T6
	tebuconazole 2DS
	17.67
(24.85)
	17.67
(24.85)
	16.00
(23.58)
	17.11
(24.43)
	87.00
(68.87)
	87.00
(68.87)
	86.00
(68.03)
	86.67
(68.58)
	2159.27
	1913.82
	2110.85
	2061.31

	T7
	(thiophanate methyl 45% +
pyraclostrobin 5% FS)
	20.00
(26.57)
	20.33
(26.80)
	17.67
(24.85)
	19.33
(26.08)
	85.33
(67.48)
	84.33
(66.68)
	86.66
(68.58)
	85.44
(67.57)
	1983.30
	1840.30
	2085.62
	1969.74

	T8
	(mancozeb 50% +
carbendazim 25% WS)
	21.33
(27.51)
	21.00
(27.27)
	20.00
(26.57)
	20.77
(27.11)
	83.67
(66.16)
	81.00
(64.16)
	84.33
(66.68)
	83.00
(65.65)
	1929.78
	1954.77
	1935.91
	1940.15

	T9
	Untreated check
	43.67
(41.36)
	43.67
(41.36)
	64.00
(53.13)
	64.00
(53.13)
	1245.69
	1245.69

	
	Mean
	23.56
(29.03)
	22.52
(28.33)
	21.11
(27.35)
	22.39
(28.24)
	79.78
(63.28)
	81.74
(64.70)
	84.26
(66.63)
	81.93
(64.84)
	1820.86
	1880.93
	2007.76
	1903.18

	
	
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%

	
	Fungicides (F)
	0.25
	0.70
	0.63
	1.79
	27.39
	77.87

	
	Concentrations (C)
	0.14
	0.41
	0.36
	1.03
	15.81
	44.96

	
	F x C
	0.43
	1.22
	1.09
	3.09
	47.44
	134.87


*Figures in parentheses indicate arcsine value             **   Mean of three replications and 50 seeds per replication
Table 2: In vitro evaluation of bioagents against seed mycoflora and seedling vigor index of niger by rolled paper towel method

	[bookmark: _Hlk203165672]Tr. No
	Treatment details
	Per cent seed infection
	Per cent seed germination
	Seedling vigour index

	
	
	0.5%
	1%
	Mean
	0.5%
	1%
	Mean
	0.5%
	1%
	Mean

	T1
	Trichoderma harzianum Rifai (IOF strain)
	13.33
(21.42) *
	11.33
(19.67)
	12.33
(20.56)
	72.00
(58.05)
	81.33
(64.40)
	76.67
(61.12)
	1723.71
	2045.76
	1884.43

	T2
	Pseudomonas fluorescens Migula (IOF strain)
	21.67
(27.74)
	17.67
(24.85)
	19.67
(26.33)
	72.67
(58.48)
	76.67
(61.12)
	74.67
(59.78)
	1500.83
	1709.57
	1605.20

	T3
	Bacillus subtilis Cohn (IOF strain)
	28.33
(32.16)
	27.00
(31.31)
	27.67
(31.73)
	62.00
(51.94)
	66.33
(54.53)
	64.17
(53.23)
	1343.90
	1471.04
	1407.47

	T4
	Pseudomonas fluorescens  Migula (AOF strain)
	15.67
(23.32)
	13.33
(21.42)
	14.50
(22.38)
	73.00
(58.69)
	74.67
(59.78)
	73.83
(59.23)
	1579.46
	1737.36
	1658.41

	T5
	Bacillus subtilis Cohn (AOF strain)
	24.67
(29.78)
	22.00
(27.97)
	23.33
(28.88)
	72.67
(58.48)
	74.33
(59.56)
	73.50
(59.02)
	1559.67
	1580.15
	1569.91

	T6
	Trichoderma viride Pers  (AOF strain)
	27.67
(31.73)
	25.33
(30.22)
	26.50
(30.98)
	63.67
(52.93)
	65.33
(53.93)
	64.50
(53.43)
	1449.60
	1551.81
	1500.70

	T7
	Untreated check
	43.67
(41.36)
	43.67
(41.36)
	64.00
(53.13)
	64.00
(53.13)
	1245.69
	1245.69

	Mean
	25.00
(30.00)
	22.90
(28.59)
	23.95
(29.30)
	68.57
(55.90)
	71.81
(57.93)
	70.19
(56.91)
	1486.12
	1620.20
	1553.16

	
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%

	Bio agents (B)
	0.20
	0.58
	0.39
	1.13
	35.32
	102.86

	Concentrations (C)
	0.11
	0.31
	0.21
	0.61
	18.88
	55.00

	B x C
	0.28
	0.82
	0.55
	1.60
	49.96
	145.47


* Figures in parentheses indicate arcsine values         **   Mean of three replications and 50 seeds per replication

Table 3: In vitro evaluation of plant extracts and organics against seed mycoflora and seedling vigor index of niger by rolled paper towel method

	[bookmark: _Hlk203166434]Tr. No.
	Treatment details
	Per cent seed infection
	Per cent seed germination
	Seedling vigour index

	
	
	5%
	10%
	Mean
	5%
	10%
	Mean
	5%
	10%
	Mean

	T1
	Allium sativum L.
	21.67
(27.74)*
	20.00
(26.57)
	20.84
(27.16)
	77.00
(61.34)
	79.33
(62.96)
	78.17
(62.14)
	1660.05
	1987.27
	1823.66

	T2
	Zingiber officinale R.
	23.33
(28.88)
	22.00
(27.97)
	22.67
(28.13)
	73.33
(58.91)
	75.00
(60.00)
	74.17
(59.45)
	1757.13
	1757.38
	1757.26

	T3
	Neem seed kernel extract
	24.33
(29.56)
	21.67
(27.74)
	23.00
(28.66)
	75.33
(60.22)
	73.67
(59.13)
	74.50
(59.67)
	1887.53
	1643.62
	1765.58

	
	0.5%
	1%
	Mean
	0.5%
	1%
	Mean
	0.5%
	1%
	Mean

	T4
	Multineem 
	33.00
(35.06)
	31.00
(33.83)
	32.00
(34.45)
	68.67
(55.96)
	71.33
(57.63)
	70.00
(56.79)
	1510.63
	1551.25
	1530.94

	T5
	Perfekt
	33.33
(35.26)
	33.00
(35.06)
	33.17
(35.16)
	66.67
(54.74)
	67.00
(54.94)
	66.83
(54.84)
	1340.25
	1409.38
	1374.82

	T6
	Nimbecidine
	31.33
(34.04)
	24.00
(29.33)
	27.67
(31.73)
	69.67
(56.58)
	69.67
(56.58)
	64.67
(56.58)
	1562.32
	1465.45
	1513.89

	T7
	Cow urine
	40.33
(39.43)
	39.00
(38.65)
	39.67
(39.04)
	47.33
(43.47)
	55.00
(47.87)
	51.17
(45.67)
	710.18
	882.71
	796.45

	T8
	Vermiwash
	41.67
(40.20)
	40.00
(39.23)
	40.84
(39.72)
	39.00
(38.65)
	51.33
(45.76)
	45.17
(42.23)
	570.78
	846.10
	708.44

	T9
	Untreated check
	43.67
(41.36)
	43.67
(41.36)
	64.00
(53.13)
	64.00
(53.13)
	1245.69
	1245.69

	
Mean
	32.52
(34.77)
	30.48
(33.51)
	31.50
(34.14)
	62.30
(52.12)
	66.30
(54.51)
	64.30
(53.31)
	1227.17
	1353.58
	1290.38

	
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%
	S.Em. ±
	C.D. at 1%

	Plant extracts (P)
	0.41
	1.17
	0.61
	1.77
	29.90
	86.1

	Concentrations (C)
	0.19
	0.56
	0.29
	0.83
	14.10
	40.59

	P x C
	0.58
	1.66
	0.87
	2.50
	42.30
	121.76


*Figures in parentheses indicate arcsine values      **   Mean of three replications and 50 seeds per replication
[image: ]

















Fig. 1. Efficacy of seed dressing fungicides against seed mycoflora and seedling vigor index of niger by the rolled paper towel method
	

[image: ]
























Fig. 2. Efficacy of bioagents against seed mycoflora and seedling vigor index of niger by the rolled paper towel method
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