 Effect of different mulching sources for management of downy mildew of Isabgol caused by Peronospora plantaginis 


Abstract
  Isabgol play a significant role in medicinal industry. It has an enormous effect on minimising digestive issues. Downy mildew of isabgol is incited by oomycetes fungi Peronospora plantaginis. Isabgol downy mildew symptoms start appearing up 30 to 35 days after sowing. In the current study, different mulching sources and metalaxyl fungicide were used to manage the effect of downy mildew on isabgol. Among the treatments, minimum per cent disease intensity, highest per cent disease control and highest growth attribute of isabgol was observed T5 - Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 %. 
Keywords: Isabgol, Downy mildew, Peronospora plantaginis and Mulching. 
1. Introduction 
Isabgol (Plantago ovata) is a vital medicinal plant belonging to the family Plantaginaceae. Downy mildew of Isabgol is incited by fungi Peronospora plantaginis. Peronospora serve as plant pathogen on fifty-four families of Dicotyledonae and two families of monocotyledonous plants (Callan and Carris, 2004). Appearance of white cottony growth on the lower surface of leaf on infected host are the characteristics symptoms of downy mildew of isabgol (Moore-Landeckor, 1990). The first signs of downy mildew of isabgol appear on the foliage, and later the infection spreads to the flowers and seeds.  
Genus Peronospora belongs to the family Pernosporaceae, it is obligate parasite, mycelia are intercellular in host tissues and no intracellular hyphae were seen in host tissues. They absorbed their nutrition by haustoria. Peronospora formed erect and dichotomously branched sporangiophores which are bearing sub-elliptical sporangia. Sporangia emerged with stomata on the lower surfaces of infected leaf. Sporangia germinate either by direct germ tube or forming biflagellate zoospore which spread the downy mildew diseases. Downy mildew pathogen is able to sporulate repeatedly for several successive nights from same session it is depending on the species and host (Jackson, 2000). 
The severity of downy mildew was found directly correlated with reduction in seed yield (45%) and husk yield (20%). Management of downy mildew is a challenge in conventional farming to the growers because they are not adopting advance methods of disease control. Integrated disease management is the most effective way to manage downy mildew disease of isabgol. 
2. Materials and methods
During Rabi 2021–2022, the experiment was conducted at the Experimental Station of Medicinal and Aromatic Plants, Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya (U.P.) India. The information on the experimental materials, methods, and procedures used for evaluation throughout the study is provided below.
2.1. Experimental site
The ANDUAT, Kumarganj, Ayodhya is located in the Indo-Gangetic plains of Eastern Uttar Pradesh. The latitude of the experimental site is 26.47 0N, longitude 82.12 0E and altitude 113 m above sea level. 
2.2. Soil characteristics
	Nutritional status of the soil was moderately good for isabgol cultivation. The sandy loam soil at the experimental site had a pH of 8.5. The soil retained moisture and had good drainage of water. 
2.3. Source of seed and sowing
Seeds of Isabgol were collected from the Department of Medicinal and Aromatic Plants, ANDUA&T, Kumarganj, Ayodhya for carried out the experiments. Sowing was done by drilling method @ 4 kg/ha as per layout given below. For equal distribution of the seeds in the furrows, seeds were well mixed with sand. Finally, each plot was irrigated carefully. 
2.4. Layout details
Design		: 			Randomized Block Design (RBD)
Treatments	:			 09
Replication	:			03
Variety		: 			Gj-2
Plot size	:			3×2 m.
Spacing	: 			30 × 10 cm. 
2.5. Treatment details 
Table 1. Treatments used for management of downy mildew of isabgol.  
	T1
	[bookmark: _Hlk108940472] Black polythene + two foliar sprays of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T2
	 White polythene + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T3  
	Paddy straw + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T4
	Lemongrass leaves. (Cymbopogn flexuosus) + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T5
	Vetiver leaves (Vetiveria zizaniodes) + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T6
	  Sarkanda leaves (Saccharum bengalense) + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T7
	  Kas leaves. (Saccharum sponteneum) + two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T8
	Two foliar spray of Metalaxyl @ 0.25 % after 1st appearance of disease.

	T9
	Control. 


2.6. Disease Rating Scale 
	To assess the intensity of disease, ten plants were randomly selected and per cent disease intensity was recorded using 0-5 rating scale as described by Anonymous (2003). Details of the disease rating scale are given in Table 2. 
Table 2. Disease rating scale.  
	S. No
	Score (0-5)
	Infested range (%)

	1
	0
	0.00

	2
	1
	1.00-10.00

	3
	2
	10.01-25.00

	4
	3
	25.01-40.00

	5
	4
	40.01-60.00

	6
	5
	60.00 and above


2.7. Observation recorded
Per cent disease intensity:
The percent disease intensity (PDI) was calculated by adopting standard formula given by Wheeler (1969).
Per cent disease intensity =  
Percent decrease control: 
On the basis of efficacy of different treatments over the control was calculated by following formula.

Were, 
C = Per cent disease incidence of controlled plot. 
T = Per cent disease incidence in treated plot.
Test weight: 
	Weight of 1000 seeds randomly taken from seed lots of each treatment was recorded by digital weighing machine. 
Measurement of Growth character: 
	The different morphological and yield attributing characters viz. plant height, numbers of tillers per plant, days taken to first emergence of spike, days taken to 50% flowering, number of spikes per plant, seed yield per plant and swelling factor were recorded from five randomly selected plants from each replication. 
2.8. Statistical Analysis
The data, collected during the studied, were subjected to the statistical analysis by adopting ‘Analysis of variance’ techniques as described by Panse and Sukhatme (1967).
3. Results and discussion 
3.1. Effect of different mulching sources on percent disease intensity of downy mildew 
Result presented in table – 3 showed that the days of downy mildew disease initiation was significantly increased by all the treatments. The minimum per cent disease intensity was observed T5 - Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 % followed by T7 - Kas leaves (Saccharum sponteneum) + two foliar sprays of Metalaxyl @ 0.25 %, T2 - White polythene + two foliar sprays of Metalaxyl @ 0.25 % (51 days) and T3 - Paddy straw + two foliar sprays of Metalaxyl @ 0.25 % (49 days). Highest per cent disease intensity was observed in T9 (control).  
Organic mulches slowly decompose and provide organic matter which helps greater organic carbon, source of plant nutrients and there by improves plant growth and yield. They were release nutrients in the soil and enhance the yield capacity with increasing soil fertility and productivity (Mohammed et. al., 2018). Mulching with aromatic plants showed effective for management of plant diseases, because these plants are secreting essential oil in the soil as well as beneath the crop canopy (Maia et al, 2014).
3.2.  Percent disease control of disease intensity 
Result presented in table – 4. experimental finding showed that the different source of mulching was significantly minimized the disease intensity as compared with control. Maximum per cent disease control was observed (49.77 - 63.07 %) in T5 - Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 % followed by (40.55-56.09 %) in T7 - Kas leaves (Saccharum sponteneum) + two foliar sprays of Metalaxyl @ 0.25 %, 36.71-53.44 % in T2 - White polythene + two foliar sprays of Metalaxyl @ 0.25 %, 23.41- 47.53 % in T3 - Paddy straw + two foliar sprays of Metalaxyl @ 0.25 % , 19.79- 46.58 % in T1 - Black polythene + two foliar sprays of Metalaxyl @ 0.25 % and 14.70 - 45.72 % in T4 - Lemongrass leaves. (Cymbopogn flexuosus) + two foliar sprays of Metalaxyl @ 0.25 %. Although the two foliar sprays of Metalaxyl @ 0.25 % were significantly reduced the percent disease intensity 8.07-37.78 percent over the control. Balbiapena et al. (2007) found that the essential oil of Citrus induced resistance in tomato plants against A. solani with the highest peroxidase activity. 
3.3.  Effect of different mulching sources on growth attribute of Isabgol
Result presented in table – 5 stated the organic mulches have significantly increased the growth and yield of Isabgol. The maximum plant height (36.00 cm), number of leaves per plant (62.97), no. of tillers/plant (12.95), no. of spikes/plant (45.00) and length of spikes (6.46) were recorded in T5 - Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 %. In control, plant height was 25.00 cm, number of leaves per plant (41.15), no. of tillers/plant (6.83), no. of spikes/plant (27.66) and length of spikes (1.7 cm). Fresh weight (35.92 gm), dry weight (9.36 gm), no. of seeds per spike (88.2), seed yield/plant (16.34 gm) and seed yield [645.37 gm/plot (3 × 2 m)] were observed in T5 followed by T7, T2, T3 and T1. 
Gheshm and Brown (2020) resulted that mulching has significantly effective in canopy growth in head lettuce. Black and white polythene mulches are used to cover the surface of the soil nearby plants to develop eco-friendly and favorable conditions for crop growth and development (Bhutia et al, 2017). The better root growth was recorded in mulching plot because mulch creates a salt free zone around the plant root which increases higher growth and yield (Talathi and Mandarkar., 2013). 















Table: - 3.   Effect of different mulching sources on percent disease intensity of downy mildew disease of Isabgol.
	Treatment

	Days after disease appearance
	Percent Disease Intensity (PDI)

	
	
	65 DAS
	75 DAS
	85 DAS
	95 DAS
	105 DAS
	115 DAS

	T-1
	Black polythene + two foliar sprays of Metalaxyl @ 0.25 %
	46
	12.33
(20.56)

	18.95
(25.81)
	21.84
(27.86)

	24.29
(29.59)

	28.95
(32.55)

	31.71
(34.28)

	T-2
	White polythene + two foliar sprays of Metalaxyl @ 0.25 %
	51
	8.58
(17.04)
	13.48
(21.25)
	17.19
(24.50)
	21.47
(27.61)
	24.74
(29.83)
	27.61
(31.70)

	T-3
	Paddy straw + two foliar sprays of Metalaxyl @ 0.25 %
	49
	10.73
(19.13)
	16.49
(23.96)
	20.83
(27.16)
	24.28
(29.52)
	28.60
(32.33)
	31.13
(33.91)

	T-4
	Lemongrass leaves. (Cymbopogn flexuosus) + two foliar sprays of Metalaxyl @ 0.25 %
	44
	12.57
(20.77)
	19.74
(26.38)
	23.21
(28.81
	27.90
(31.88)
	29.92
(33.17)
	32.32
(34.65)


	T-5
	Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 %
	55
	6.84
(15.17)
	10.48
(18.90)
	13.30
(21.39)
	17.16
(24.48)
	20.89
(27.20)
	24.21
(29.48)

	T-6
	Sarkanda leaves (Saccharum bengalense) + two foliar sprays of Metalaxyl @ 0.25 %
	41
	13.28
(21.37)
	19.89
(26.49)

	25.02
(30.01)

	27.91
(31.89)

	30.72
(33.66)

	32.78
(34.93)


	T-7
	Kas leaves. (Saccharum sponteneum) + two foliar sprays of Metalaxyl @ 0.25 %
	53
	8.90
(17.36)
	13.34
(21.42)
	16.23
(23.76)
	20.27
(26.76)
	23.23
(28.82)
	26.16
(30.77)

	T-8
	Two foliar sprays of Metalaxyl @ 0.25 %
	38
	14.31
(22.23)
	21.59
(27.69)
	25.50
(30.33)
	29.01
(32.59)
	31.12
(33.91)
	32.95
(35.03)

	T-9
	Control
	35
	18.52
(25.49)
	25.10
(30.07)
	27.23
(45.00)
	34.28
(36.11)
	41.59
(40.16)
	59.55
(50.51)

	
	CD (P=0.05)
	4.562
	1.348
	1.994
	2.456
	1.929
	1.696
	2.126

	
	SE(m)±
	1.854
	0.483
	0.715
	0.881
	0.692
	0.608
	0.763

	
	CV %
	14.362
	22.45
	22.158
	22.583
	15.059
	11.542
	12.597


Figures in value parenthesis are Angular transformed value.

Fig: - 1. Effect of different mulching sources on percent disease intensity of downy mildew disease of Isabgol.

Table: - 4. Percent disease control of disease intensity. 
	Treatment
	65 DAS
	75 DAS
	85 DAS
	95 DAS
	105 DAS
	115 DAS

	T1
	33.42
	24.41
	19.79
	29.65
	30.39
	46.58

	T2
	51.96
	46.10
	36.71
	38.97
	40.34
	53.40

	T3
	39.90
	34.16
	23.41
	30.08
	31.10
	47.53

	T4
	32.00
	20.67
	14.70
	20.44
	27.93
	45.72

	T5
	63.07
	58.24
	51.15
	50.61
	49.77
	59.34

	T6
	28.18
	21.35
	12.58
	19.55
	26.02
	44.77

	T7
	53.44
	46.87
	40.55
	41.64
	44.16
	56.09

	T8
	23.35
	17.60
	8.07
	19.23
	24.96
	37.78

	T9
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	CD (P=0.05)
	2.31
	4.09
	3.39
	3.26
	1.75
	4.12

	SE(m)±
	0.76
	1.35
	1.11
	1.08
	0.57
	1.35

	C.V.
	3.66
	7.83
	7.93
	6.72
	3.28
	9.39


















Fig: - 2. Percent disease control of disease intensity. 
	
Treatments

	Germination
(%)
	Growth Characters and Seed Yield

	
	
	Plant Height
(cm)
	No of leaves/Plant
	No. of tillers / Plant
	No. of Spikes/
Plant
	Spike Length
(cm)
	Fresh Weight/ Plant (g)

	Dry Weight/Plant (g)
	No. of seeds/ spike
	Seed yield/ plant
(gm)
	Seed yield/
Pot (g)
3×2 m

	T1
	71.26

	30.00

	49.37

	10.27

	38.66
	3.8

	21.97
	5.46

	71.96

	10.31

	617.33

	T2
	84.89

	32.6

	57.68

	12.48

	40.66

	4.93

	28.18
	7.93

	83.25

	12.04

	637.33

	T3
	76.45

	32.23

	51.83

	11.80

	39.66

	4.3

	23.15
	6.7

	78.91

	11.15

	630.33

	T4
	71.11

	28.66

	47.32

	8.50

	37.00

	3.33

	17.91
	4.76

	71.12

	9.28

	602.33

	T5
	91.06

	36.00

	62.97

	12.95

	45.00

	6.46

	35.92
	9.36

	88.2

	16.34

	645.33

	T6
	70.51

	27.23

	44.90

	7.53

	33.00

	2.46

	14.60
	4.36

	69.19

	8.41

	604.66

	T7
	87.50

	34.7

	59.60

	12.51

	43.66

	5.46

	33.27
	8.83

	85.58

	13.13

	642.33

	T8
	70.45

	27.6

	43.19

	6.83

	31.33

	2.06

	14.25
	4.00

	70.88

	7.35

	590.66

	T9
	68.18
	25

	41.15
	6.16

	27.66

	1.7

	11.68
	3.33

	67.58

	6.36

	578

	CD (0.05)
	3.99
	0.79
	2.95
	0.94
	4.08
	0.81
	3.02
	1.00
	4.11
	1.84
	3.36

	SE(m)
	1.32
	0.26
	0.97
	0.31
	1.35
	0.27
	1.00
	0.33
	1.35
	0.60
	1.11

	CV %
	2.97
	1.50
	3.32
	5.49
	6.25
	12.03
	7.76
	9.10
	3.08
	10.06
	0.31



Table – 5. Effect of different mulching sources on growth attribute of Isabgol



Fig: - 3. Effect of different mulching sources on growth attribute of Isabgol.
4.  Conclusion 
Among all the treatments, the lowest percent disease intensity, highest per cent disease control and highest growth attribute of isabgol was recorded in T5 - Vetiver leaves (Vetiveria zizaniodes) + two foliar sprays of Metalaxyl @ 0.25 % followed by T7 - Kas leaves. (Saccharum sponteneum) + two foliar sprays of Metalaxyl @ 0.25 %. 
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65 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	12.33	8.58	10.73	12.57	6.84	13.28	8.9	14.31	18.52	75 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	18.95	13.48	16.489999999999984	19.47	10.48	19.89	13.34	21.59	25.1	85 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	21.84	17.190000000000001	20.830000000000005	23.21	13.3	25.02	16.23	25.5	27.23	95 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	24.29	21.47	24.279999999999994	27.9	17.16	27.91	20.27	29.01	34.28	105 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	28.95	24.74	28.6	29.919999999999995	20.89	30.72	23.23	31.12	41.59	115 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	31.71	27.610000000000007	31.130000000000006	32.32	24.21	32.78	26.16	32.950000000000003	59.55	






65 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	41.15	53.43	50.27	40.75	75.400000000000006	31.47	58.86	26.86	0	75 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	18.47	37.86	26.4	18.29	69.209999999999994	16.190000000000001	53.44	10.41	0	85 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	36.870000000000005	48	40.190000000000012	33.94	72.819999999999993	30.6	61.25	25.66	0	95 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	45.160000000000011	53.39	46.82	42.59	75.959999999999994	40.56	62.51	34	0	105 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	53.07	64.349999999999994	58.760000000000012	49.96	69	45.08	66.440000000000026	40.14	0	115 DAS	T-1	T-2	T-3	T-4	T-5	T-6	T-7	T-8	T-9	63.09	66.89	64.84	63.02	73.569999999999993	62.5	72.55	46.87	0	



T-1	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	71.260000000000005	30	49.37	10.27	38.660000000000011	3.8	21.97	5.46	T-2	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	84.89	32.6	57.68	12.48	40.660000000000011	4.9300000000000015	28.18	7.9300000000000015	T-3	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	76.45	32.230000000000011	51.83	11.8	39.660000000000011	4.3	23.150000000000006	6.7	T-4	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	71.11	28.66	47.32	8.5	37	3.3299999999999992	17.91	4.76	T-5	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	91.06	36	62.97	12.950000000000003	45	6.46	35.92	9.360000000000003	T-6	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	70.510000000000005	27.23	44.9	7.53	33	2.46	14.6	4.3599999999999985	T-7	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	87.5	34.700000000000003	59.6	12.51	43.660000000000011	5.46	33.270000000000003	8.83	T-8	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	70.45	27.6	43.190000000000012	6.83	31.330000000000005	2.06	14.25	4	T-9	Germination %	Plant height(cm) 	No. of leaves /Plant	No. of tillers / Plant	No. of spikes /Plant	Spike length(cm)	Fresh wt./Plant(gm)	Dry wt./Plant(gm)	68.179999999999978	25	41.15	6.1599999999999984	27.66	1.7	11.68	3.3299999999999992	



