


Integrated Management of Root Rot and Powdery Mildew Diseases in Sesame (Sesamum indicum L.)

ABSTRACT
The present investigation was conducted during two consecutive summer seasons (February to April) of 2022 and 2023 at Regional Agricultural Research Station, Polasa, Jagtial, Telangana (505529), India. The aim of the study was to determine ecofriendly, cost effective and potential disease management strategies for management of root rot and powdery mildew diseases in sesame. The investigation unveiled that all the three tested modules are significantly superior over control in suppressing the disease in randomized block design with five replications. Among the tested modules, Module 3, seed treatment with Trichoderma asperellum @ 10 g kg-1 + soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg Vermicompost) @ 250 kg ha-1 + spray of Tebuconazole 50% + Trifloxysrobin 25% @ 0.5 g l-1 at 30–35 DAS and second spray at 50–60 DAS showed the highest reduction of root rot (% DI=78.59%) and powdery mildew (PDI=76.30%) over the untreated control with highest seed yield ha-1 (776.8 kg ha-1) and B:C ratio of 3.22 followed by module, M2: Seed treatment with carbendazim @ 2 g l-1 + spray of Tebuconazole 50% + Trifloxystrobin 25% @ 0.5 g l-1 at 30–35 DAS and second spray @ 0.5 g L-1 at 50–60 DAS. This integrated disease module can be used for the effective management of root rot and powdery mildew diseases in sesame and ensuring sustained yields, particularly in the Northern Telangana Zone in the state of Telangana. 
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1. INTRODUCTION 

Sesame (Sesamum indicum L.) known as the queen of oilseeds because of its high oil content, delicious nutty aroma, and flavor (Johnson et al., 1979) and is traditionally categorized as a health food in Asian countries (Miyake et al., 2005). It contains 35–57% oils, 20–25% proteins, 20–25% carbohydrates and 5–6% essential minerals, high quantity of methionine and tryptophan, secondary metabolites such as lignans, saponins, flavonoids, and phenolic compounds. The seeds are a good source of calcium, phosphorus, and iron and are rich in vitamin B, E. It has a high content of polyunsaturated fatty acids, oleic, and linoleic acid (Radia et al., 2022, Jain, 2020, Lyon, 1972, Bedigian et al., 1985).
Sesame is been grown in India over an area of 16.27 lakh hectares with production of 7.89 lakh tonnes and productivity of 485 kg ha-1 (Anonymous, 2022–23). In Telangana, it is grown over an area of 0.34 lakh hectares with an annual production of 0.260 lakh tonnes and productivity of 766 kg ha-1 (Anonymous, 2022–23).
In addition to its inherently low yield potential and  poor crop management, exposure to biotic stress is the major yield limiting factors in sesame production. Sesame crop is being infected by fungi, bacteria, virus, nematodes and phytoplasma. The crop is found to harbour nearly 72 fungi, 7 bacteria, 1 phytoplasmal and 1 viral disease. Out of these, about 32 diseases (14 major and 18 minor) occur in India (Yu et al., 2020; Maiti et al.,1988). The major fungal diseases that affect the sesame crop are macrophomina root rot (M. phaseolina), Alternaria leaf spot (Alternaria sesami), Powdery mildew (Erysiphe cichoracearum) and Cercospora leaf spot (Cercospora sesami). Among the fungal diseases, root rot caused by Macrophomina phaseolina (Tassi) Goid, affects the crop at all crop growth stages. The disease is a quite serious limiting factor in sesame production causing 5–100% yield loss during the season of high temperature and water stress conditions particularly at reproductive stage of the crop (Vyas, 1981).  Maiti et al. (1988) reported about 57% yield loss when the incidence is about 40%. Powdery mildew disease is first reported from India by Patel et al. (1949) and Mehta et al.(1951). The disease appears at 40–45 days after sowing and reaches its peak during 60–70 days after sowing depending up on the weather conditions (Mallaiah et al., 2016).The disease is reported to be caused by various species of the genus Erisiphe, viz. Erisiphe cichorecearum (Reddy and Haripriya, 1990), Erisiphe orontii Rajpurohit, 1993), Leveillula taurica (Patel et al.,1949), Oidium erysiphoides (Mehta, 1951; Roy, 1965) and Oidium sesami (Puzari et al., 2006).
Sesame crop cultivated in more area during January to April in northern Telangana is affected by macrophomina stem and root rot, powdery mildew, and phyllody diseases resulting in low productivity (Malliah et al., 2016). Environmental friendly management approaches such as use of biocontrol agents, botanicals, and manures are  need of hour for sustainable agriculture (Nanda et al., 2024). Due to significant demand for sesame oil and seed for export, there is a demand of safer non-chemical management approaches (Nanda et al., 2024) Biopriming is a sustainable disease management tool to improve the stress tolerance ability of seeds during early seedling growth (Fallahi et al., 2011). Integrated management of diseases is a important strategy to mitigate the hazards associated with the intensive use of chemicals. The study was therefore undertaken to assess the impact of integrated disease management on reducing the macrophomina stem and root rot and powdery mildew diseases in Northern Telanagana zone of Telangana India.
 
2. MATERIALS AND METHODS 

The present experiment was conducted at Regional Agricultural Research Station, Jagtial, PJTAU, Telangana during two consecutive summer seasons of 2022 and 2023. The Regional Agricultural Research Station, Jagtial, PJTAU, Telangana is located in a hot and dry climatic zone at 18° 49’40” North latitude and 78° 56. 45’ East longitude and elevation of 287 m above mean sea level. The soil of the location was sandy clay in texture, neutral in reaction (pH 7.68) and non-saline with EC1:2 of 0.31 dS m-1. Nitrogen (N), phosphorus (P) and potassium (K) fertilizers were applied to the experimental field in the form of urea, single super phosphate and murate of potash @ N:P:K::87.5:125:33 kg ha-1, respectively. Entire dose of fertilizers were applied as basal at the time of sowing followed by first irrigation immediately after sowing.	Comment by KRISHNA KUMAR: Please correct

2.1 Seedling growth parametrs	Comment by KRISHNA KUMAR: Do it

The per cent seed germination (after treatment) was estimated by the following formula (ISTA,2013) 10 days after sowing the seed.
 Germination (%) = number of seeds germinated/ total number of seeds used for germination × 100.

2.1.1 Measurement of root length and shoot length

Ten days old seedlings were up rooted, washed under running tap water, shade dried and used for recording the root and shoot length. Total of 25 seedlings (5 seedlings per replication per treatment) were randomly selected from each module. The length of root and shoot was recorded with scale.

2.1.2 Determination of vigour index

The vigour index (I) was computed by following the formula given by Abdul Baki and Anderson, 1973.
vigour index (I) = Germination percentage × seedling length (root length + shoot length).

2.1.5 Treatment details

The experiment was laid out in randomized block design with four modules replicated five times viz., Bio-intensive (M1): Seed treatment with Trichoderma asperellum @ 10 g kg-1 + soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg vermicompost) @ 250 kg ha-1 + spray of Pseudomonas fluorescens @ 10 g L-1 at 30–35 DAS and wettable sulphur @ 2 g L-1 at 50–60 DAS; Chemical (M2): Seed treatment with carbendazim @ 2 g L-1 + spray of Tebuconazole 50% + Trifloxystrobin 25% @ 0.5 g L-1 at 30–35 DAS and second spray @ 0.5 g L-1 at 50–60 DAS; Adaptive (M3): Seed treatment with Trichoderma asperellum @ 10 g kg-1 + soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg vermicompost) @ 250 kg ha-1 + spray of Tebuconazole 50%+Trifloxysrobin 25% @ 0.5 g L-1 at 30–35 DAS and second spray at 50–60 DAS, and Untreated control (M4): Untreated check. Each treatment was replicated five times. The local popular sesame variety swetha til was used for conducting the trial with 30×15 cm2spacing and 3×3 m2 area per replication. The incidence of Macrophomina root rot was recorded by counting the number of affected and healthy plants in each plot and the per cent incidence was calculated. The powdery mildew disease was recorded by using the scoring scale as adopted by AICRP on sesame, 1998. In each plot, 5 random plants were selected and 9 leaves (3 leaves each from bottom, middle and top of each plant) were scored for the severity of powdery mildew by using 0–5 scale (0–No infection, 1–1 to 10% leaf area infected, 2–11 to 25% leaf area infected, 3–26 to 50% leaf area infected, 4–51 to 75% leaf area infected and 5–76 to100% leaf area infected) (AICRP on Sesame and Niger, 1998). The MSR disease incidence (%DI) and Powdery mildew percent disease index (PDI) were worked out using the formulae as given below. 
Disease incidence (%) = Number of plants infected/ total number of plants evaluated × 100
Per cent disease index (PDI) = Sum of all numerical ratings/Total number of  leaves scored8  × 100/ Maximum disease grade. 
At maturity, the plants were harvested and the grain yield was calculated by dividing the seed weight by the harvested area and converted to per hectare basis. The benefit:cost (B:C) ratio was worked out from the cost of cultivation and the gross returns calculated using the prevailing local market prices. The data were analyzed using standard statistical procedures using one-way ANOVA at P =0.05 (Panse and Sukhatme, 1985).
3. Results and Discussion

The effect of integrated disease management practices in controlling macrophomina stem and root rot and powdery mildew diseases of sesame was studied at Regional Agricultural Research Station, Jagtial, PJTAU, Telangana during two consecutive summer seasons of 2022 and 2023. 

Germination and growth parameters: It is obvious from values in the table 1 that there was significant effect of seed treatment on percent germination of seed. The germination (10 days after sowing) percentage was ranged from 81.2- 94.5%. The highest percent germination of 94.5% was observed module3 which is seed treatment with Trichoderma asperellum @ 10 g kg-1+soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg Vermicompost) @ 250 kg ha-1 + spray of Tebuconazole 50% + Trifloxysrobin 25% @ 0.5 g L-1 at 30–35 DAS and second spray at 50–60 DAS followed by module1 and module2. The shoot length was ranged from 2.78 - 3.10 cm. The highest shoot length of 3.10cm was observed in module3 followed by module1 and module2. similar trend in shoot length, seedling length and vigour index was observed with module3 followed by module1 and module2.
Table 1. Germination and seedling growth parameters of sesame (10 DAS) under different modules
	Module
	Germination* (%)
	Root Length* (cm)
	Shoot Length* (cm)
	Seedling Length* (cm)
	Vigour Index* (I)

	M1
	90.4
(72.07)
	2.26
(8.63)
	8.06
(16.45)
	10.32
(18.71)
	932.09
(932.1)

	M2
	88.6
(70.46)
	2.02
(8.16)
	7.42
(15.73)
	9.44
(17.83)
	839.17
(839.18)

	M3
	94.5
(76.56)
	3.10
(10.12)
	9.88
(18.26)
	12.98
(21.08)
	1226.03
(1226.04)

	M4
	81.2
(64.38)
	2.78
(9.47)
	7.14
(15.42)
	9.92
(18.31)
	804.72
(157.71)

	CD (P= 0.05)
	4.42
	1.16
	1.47
	1.62
	157.71

	CV (%)
	4.48
	9.19
	6.42
	6.14
	11.90


* Mean of four replications, figures in the parenthesis are angular transformed values
Field efficacy of different modules on macrophomina stem and root rot incidence and severity of powdery mildew: The results of the field experiment revealed that all the tested modules are significantly superior over untreated control in suppressing the root rot and powdery mildew diseases in sesame. The data presented in the Table 2 and 3 revealed that all the IDM module were found to be superior over the untreated control (M4) in reducing the disease incidence and increasing the grain yield and C:B ratio during summer, 2022 and 2023.  During summer 2022, the least root rot incidence of 9.65% and powdery mildew PDI of 14.69% respectively with highest seed yield of 634 kg ha-1 and B:C ratio of 2.38 was recorded in module M3 which involved seed treatment with Trichoderma asperellum @ 10 g kg-1 + soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg Vermicompost) @ 250 kg ha-1 + spray of Tebuconazole 50% + Trifloxysrobin 25% @ 0.5 g L-1 at 30–35 DAS and second spray at 50–60 DAS. Similar trend in result was also observed during summer, 2023.
The pooled analysis of data from table 4 showed the highest reduction (78.56%) of root rot and powdery mildew (76.30%) over untreated control with highest seed yield of 776 kg ha-1 and B:C ratio of 3.22 in plants treated with module M3 followed by plants treated with chemical disease management module (M2) involving seed treatment with Carbendazim @ 2 g kg-1, spray of Tebuconazole 50%+Trifloxystrobin 25% @ 0.5 g L-1 at 30–35 DAS and second spray at 50–60 DAS with ROC of root rot (67.08%) and powdery mildew PDI of 65.44%. The least reduction of root rot incidence (54.70%) and powdery mildew PDI (55.07%) over the control was recorded in plants treated with the bio-intensive module (M1) which consisted of seed treatment with Trichoderma asperellum @ 10 g kg-1+ soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum + 100 kg vermicompost) @ 250 kg ha-1+ spray of Pseudomonas fluorescens @ 10 g l-1 at 30–35 DAS and wettable sulphur @ 2 g L-1 at 50–60 DAS (Table 3).         
The results of the current study are similar to the findings of Meena (2021) who reported significant reductions in root rot and powdery mildew diseases of sesame in Tamil Nadu by adapting the treatments consisting of biocontrol agent and combination of chemical fungicides. Choudhary et al. (2014) reported that first spray of carbendazim 50% WP (0.05%) + second spray of T. viride (107 spore/g) were found to be most economical for the management of the macrophomina stem and root rot. The results of the present investigation were also in agreement with the findings of Gyanendra and Verma (2005) who reported the good compatibility of fungicides carbendazim, Neem products and biocontrol agents (T. harzianum and T. viride), for control of soybean root-rot. The present investigation was in line with the report of Rafi et al. (2016). With respect to grain yield, all the modules recorded significantly higher seed yield and C:B rather than untreated control. Among them, M3 ranked first by recording the highest seed yield (634/kg/ha) and (2.38) C:B ratio during summer, 2022 (Table 1) and 920kg /ha and C:B 3.82 during summer, 2023 followed by M2 (Table 2). Our results are in confirmatory with those of Harmen et al. (2004).
In the present experiment, seed treatment with Trichoderma asperellum recorded significantly lesser disease incidence, more reduction in disease over control and it was inferred that seed treatment with biocontrol agents provides longer protection than the chemicals agents which may be due to the increased nutrient uptake through enhanced root growth by Trichoderma and suppress the soil and seed-borne pathogens only during the early crop growth stage. The lower disease incidence in the plants treated with biocontrol agents could be attributed to the decrease in the level of stress markers and the increase in the levels of defence enzymes such as peroxidase, lipoxygenase, total phenolics, etc. which was not visible in the infected control (Das et al., 2023). The use of biocontrol agents in integrated disease management modules has the potential as an economical and eco-friendly method for controlling diseases and reducing crop losses (Rao et al., 2009; Das et al., 2023).

Table 2: Integrated management of root rot and powdery mildew diseases of sesame through different IDM modules during summer, 2022 
	Treatment
	Root rot (% DI)
	Powdery mildew (PDI)
	Yield (kg/ha)
	C:B ratio

	M1
	19.44
(26.01)
	27.22
(31.35)
	531
	1.97

	M2
	14.62
(22.39)
	22.1
(27.95)
	576
	2.12

	M3
	9.65
(17.95)
	14.69
(22.46)
	634
	2.38

	M4
	33.75
(35.43)
	58.61
(49.96)
	317
	1.24

	CD (P=0.05)
	3.64
	4.36
	51.7
	-

	CV (%)
	10.27
	9.51
	7.2
	-



Table 3: Integrated management of root rot and powdery mildew diseases of sesame through different IDM modules during summer, 2023 
	Treatment
	Root rot (% DI)
	Powdery mildew (PDI)
	Yield (kg/ha)
	C:B ratio

	M1
	15.11
(22.57)
	15.41
(23.06)
	775
	3.18

	M2
	10.49
(18.83
	10.69
(18.96)
	869
	3.53

	M3
	6.68
(14.94)
	7.80
(16.15)
	920
	3.82

	M4
	42.52
(40.66)
	36.26
(36.99)
	454
	1.96

	CD (P=0.05)
	3.75
	2.49
	95.40
	-

	CV (%)
	11.10
	7.53
	9.07
	-







Table 4. Per cent reduction of root rot and powdery mildew diseases of sesame through different IDM modules (Pooled analysis)
	Treatment 
	Root rot (% DI)
	Powdery mildew (PDI,%)
	
	

	
	2022
	2023
	Pooled Mean 
	ROC
	2022
	2023
	Pooled Mean 
	ROC
	Pooled yield (kg ha-1)
	C:B ratio

	M1
	19.44
(26.01)
	15.11
(22.57)
	17.27
(24.48)
	54.70
	27.22
(31.35)
	15.41
(23.06)
	21.31
(27.46)
	55.07
	653
	2.7

	M2
	14.62
(22.39)
	10.49
(18.83
	12.56
(20.70)
	67.08
	22.1
(27.95)
	10.69
(18.96)
	16.39
(23.85)
	65.44
	722
	3.0

	M3
	9.65
(17.95)
	6.68
(14.94)
	8.17
(16.53)
	78.59
	14.69
(22.46)
	7.80
(16.15)
	11.24
(19.57)
	76.30
	777
	3.2

	M4
	33.75
(35.43)
	42.52
(40.66)
	38.14
(38.12)
	0
	58.61
(49.96)
	36.26
(36.99)
	47.43
(43.50)
	0
	385
	1.7

	CD (P=0.05)
	3.64
	3.75
	2.00
	-
	4.36
	2.49
	2.32
	-
	64.63
	-

	CV (%)
	10.27
	11.10
	5.75
	-
	9.51	Comment by KRISHNA KUMAR: Kindly correct your CV AND CD
	7.53
	5.82
	-
	7.33
	-


Figures in parenthesis are angular transformed value, ROC, Reduction of disease over control

4. CONCLUSION

Root rot and powdery mildew diseases of sesame in Telangana can be managed through integrated disease management approaches which involves seed treatment with Trichoderma asperellum@ 10 g kg-1+soil application of enriched Trichoderma (2.5 kg Trichoderma asperellum+100 kg Vermicompost) @ 250 kg ha-1+spray of Tebuconazole 50%+Trifloxysrobin 25% @0.5 g L-1 at 30–35 DAS and second spray at 50–60 DAS which are ecofriendly and economical strategies.
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