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Eco-friendly management modules against sigatoka leaf spot disease caused by Pseudocercospora musae in Banana
ABSTRACT
Banana is the major fruit crop in the world as well as India. The cultivation of it takes place in different agro-ecological zones in India, and there is a significant difference in the severity of disease within each agro-ecological zone. Several fungal diseases curtailed the production of banana. Among them, Sigatoka leaf spot caused by Pseudocercospora musae (yellow Sigatoka leaf spot) and Pseudocercospora eumusae (Eumusae Sigatoka leaf spot) are the main threat and limiting factor for different banana cultivars of economic and strategic importance all over the world. Keeping in this view, an assessment (On-Farm Trial) with an eco-friendly management viz., NRCB Bio-consortia, TNAU Bacillus subtilis and chemical (Propiconazole) were tested in the farmers field at five different locations Neidalur North, Neidalur South of Thogamalai block and Sooriyanur of Kulithalai block of Karur district and to verify the efficacy and suitability in controlling sigatoka leaf spot disease in banana during the year 2023-24. The study results revealed that the sigatoka leaf spot diseases incidence was recorded 12.75% @ Propiconazole 2 ml per lit of water followed by NRCB Bioconsortia (12.8 %) when compared to other treatments. Biocontrol agents have been proven to have a positive impact on the quality of leaves, fruit yield, and weight as well as suppressing the pathogen.
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1. INTRODUCTION
Banana, a fruit belonging to the Musaceae family, was an important crop in India and around the world.India's annual output of 33 million metric tonnes puts them at the top of global banana production, making them a significant contributor to the world's banana supply.In various agro-ecological zones, banana cultivation takes place, and disease pressure is significantly different from one agro-ecological zone to another (George et al. 2025). Mostly banana crop was cultivated by smallholders and sold to local markets. According to FAOSTAT the International trade represents about 16% of the global banana production consisting of just over 25 million metric tonnes which are exported from tropical areas to mainly countries in the temperate zones (FAOSTAT 2020). The main purpose of banana cultivation was to provide food, with secondary uses in the textile industry for fiber production, and also for ornamental purposes (Anand et al. 2022). Many fungal, bacterial, and viral diseases can pose a threat to banana production. Among the fungal diseases yellow sigatokaleaf spot was considered more prominent in North India whereas Eumusae leaf spot was more in South Indiacausing yield losses of up to 70% in commercial banana crops under predisposing conditions (Rani et al. 2022). 
In India most of the farmers were used many fungicides like Carbendazim, Carbendazim+Mancozeb (Dithane M-45), Propiconazole, Tebuconazole+Trifloxystrobin (Nativo) to managing this disease. Fungicide resistance and environmental pollution resulted from repeated and excessive doses of fungicide application. Biological control has gained great interest among banana growers due to continuous efforts taken by Krishi Vigyan Kendra Karur and National Research Centre for Banana (NRCB) in the past five years. This continuous effort has saves the farmers from huge input cost of pesticides and also prevents the damage to the ecosystem. 

The application of bio inoculants based on talc was highly effective in controlling foliar pathogens. Additionally, it prevents the secondary spread of pathogens in the field and contributes to sustainability. The use of eco-friendly bio inoculants can prevent the lingering effects of fungicides and decrease the expense of input. Keeping in this view, ICAR Krishi Vigyan Kendra, Kaur, Tamil Nadu took an initiative to evolved location specific eco-friendly technology module for management of sigatoka leaf spot disease in Banana. For this, different treatmentsviz. NRCB Bio consortia and TNAU Bacillus subtilis Bbv 57 were tested in the farmers field at five different locations to verify the efficacy and suitability for controlling sigatoka leaf spot disease in Banana.
2. MATERIALS AND METHODS
The OFT was carried out in five farmer’s fields at primarily Neypoovan banana variety-growing villages viz., Neidalur North and Neidalur South of Thogamalai block and Sooriyanur village of Kulithalai block of Karur district. Bananas were commonly cultivated in these regions in low land conditions and clay loam soil. The majority of irrigation was carried out through canals connected to the Cauvery River. The experiment was laid out in Randomized Block Design. The treatments were imposed in banana as detailed given below.
2.1 TREATMENT DETAILS:
TREATMENT 1:   NRCB (Bio Consortia): Spraying of Bio Consortia (Penicillium sphenophyllum+Emericella nidulans) @ 50g per lit of water from 4th month after planting at 20 days interval (3-5 sprays) were given.
TREATMENT 2:   TNAU (Bacillus subtilis Bbv 57): Foliar spraying after onset of disease spray Bacillus subtilis @ 0.5 % (3 sprays) were given at 15 days interval
TREATMENT 3:  (Farmers Practice): Farmers followed foliar spraying with Propiconazole 25% EC @ 1-2 ml per lit of water.
TREATMENT 4:  (Control plot As Check): Nil
2.2 DISEASES ASSESSMENT
Disease development and efficacy of each treatment were assessed at monthly interval by using the younger leaf spotted method (Stover and Pickson, 1970). The diseases severity index were assessed by using Gauhl’s modification of Stover’s severity scoring system (Gauhl et al. 1993)
List 1-Disease Scale
	Scale
	Percent diseasesymptoms

	0
	No disease symptoms

	1
	Less than 1 percent symptoms

	2
	1-5 percent showing symptoms

	3
	6-15 percent showing symptoms

	4
	16-33 percent showing symptoms

	5
	34-50 percent showing symptoms

	6
	morethan 50 percent showing symptoms


Disease Severity Index (DSI) was calculated as follows.

DSI=        Ʃnb     X100
(N-1)T
Where,
n= number of leaves in each grade 
b = grade

N=number of grades used (7)
T= total number of leaves graded on each plant

3. RESULTS AND DISCUSSION
3.1 SURVEY FOR THE OCCURRENCE AND SEVERITY OF BANANA SIGATOKA LEAF SPOT
     A roving survey was conducted in major banana-growing villages of Karur district during the year 2022-23 to assess the incidence of Sigatoka leaf spot. The survey revealed that banana sigatoka leaf spot disease was found in five major banana growing villages in Karur districts, which were classified as banana yellow sigatoka leaf spot. The incidence of banana sigatoka leaf spot was observed in every surveyed village in Karur district, ranging from 25.45% to 43.78%. Among the villages, Neidalur South showed that the maximum disease index was 43.78% and followed by Sooriyanur Village with 41.25%.
George et al. 2022 reported that percent disease index of yellow sigatoka leaf spot ranged between 3.33% to 43.90% in Kerala during post monsoon period. Similarly the incidence of yellow sigatoka leaf spot disease was found between 11% to 80% in major banana growing districts of Tamil Nadu (Santhiyaa et al. 2013). 

3.2 SYMPTOMATOLOGY:
The third or fourth leaf from top of the plant first appear with streaks of yellow and green. The leaves exhibited elliptical spots with a yellow halo. The center of the spots showed a light grey color. Later spots come together to form a large dried tissue. The affected leaves were ultimately defoliated in the end.
Esguera et al. 2024 stated that symptoms of yellow sigatoka leaf spot were the upper surface of the leaf has narrow, light green specks that are about 1mm in height. The specks become streaks that run parallel to the leaf veins and are much longer and wider, typically measuring several millimeters long and 1mm wide. Change in the coloration of the streak from light green to rusty red or rusty brown. The streaks are usually surrounded by a yellow halo and the production of conidiophores and conidia. The last stage of the disease was death of leaf tissues.
Yellow Sigatoka causes tiny yellow spots, less than 1 mm long that appear on third or fourth leaf from the top of the plant. The spots become yellowish-green to yellowish and later change to brown or rusty-red with defined yellow margins. The yellow rings around the young spots and the residual yellowing of leaf tissues surrounding the mature spots are the distinguishing characteristics of the Yellow Sigatoka disease (Santhiyaa V 2014).
3.3 MANAGEMENT OF BANANA SIGATOKA LEAF SPOT DISEASES UNDER FIELD CONDITIONS:
The percent disease index data collected for sigatoka leaf spot disease was displayed in Table 1. Revealed that different treatments resulted in a significant difference in the intensity of sigatoka leaf spot. Significantly, the minimum disease index of sigatoka leaf spot was recorded by the treatment. T3 i.e. Spraying of Propiconazole 25 EC @ 2 ml per lit of water 20 days interval (12.75 %) was found on par with treatment T1 i.e.  Spraying of NRCB Bio consortia @ 50 gm per lit of water (12.80 %) as compared to control plot (28.51%). 

Nagesh et al. 2023 reported that foliar spraying with tebuconazole 50%+ trifloxystrobin 25%WG@1gm/lit was found effective in managing the disease (12.38% PDI). Kumar et al. 2020 reported that Trichoderma viride showed the maximum inhibition of mycelial growth (61.87%) of M. musicola under in vitro condition in dual culture. Deshmukh et al. 2018 stated that the use of Trichoderma viride at 10% and Pseudomonas fluorescens at 10% caused a significant reduction in the sigatoka leaf spot disease 9.47% and 9.1% respectively. Shanthiyaa V 2014 reported that foliar spraying with strains of Bacillus spp (BB30+BB15+BB13) @ 1% significantly retards the sigatoka leaf spot disease and has high percent disease reduction over control (51%) in 10 months after planting.
3.4 NUMBER OF GREEN LEAVES WITHOUT DISEASE 
The data on the number of good leaves without disease at the time of harvest was presented in Table 3.The different treatments caused a significant difference in the number of good leaves without disease during harvest.The highest number of healthy leaves without disease per plant was documented in T3 i.e. Spraying Propiconazole 25 EC at 2 ml per liter of water with a 20 days interval. (11.8) was found on par with treatment T1 i.e.  Spraying of NRCB Bioconsortia@ 50 gm per lit of water (11.7) as compared to control plot. Number of good leaves mostly same on both treatments like T1 and T3 and control plot have only 4-5 number of leaves during harvest time. 
Deshmukh et al. 2018 reported that foliar application of Trichoderma harzianum at 10% had a significant impact on the number of good leaves upon harvest. Foliar spraying with strains of Bacillus spp (BB30+BB15+BB13) at 1% showed the highest number of healthy leaves per plant (Shanthiyaa V 2014). 
3.5 YIELD 
The data on the yield was presented in Table 3. Maximum banana yield was recorded in T3 i.e. Spraying of Propiconazole 25 EC @ 2 ml per lit of water 20 days interval (285 q/ha) followed by T1 i.e. Spraying of NRCB Bio consortia @ 50 gm. per lit of water (284.75 q/ha). The untreated control plots recorded a lowest yield of 251.85 q/ha. 
The banana plants in T3 showed the highest number of hands/bunch (8.8), No. of fingers/bunch (134.6) and Bunch weight (17.51 kg) followed by T1 showed that No. of hands/bunch (8.6), No. of fingers/bunch (134.2) and Bunch weight (17.47 kg) and compare to control plot showed that the lowest No. of hands/bunch (4.8), No. of fingers/bunch (100.6) and Bunch weight (14.25 kg). 
The data on the B: C ratio was presented in Table 4.The maximum and same B: C ratio (1.91) was obtained by both the treatment T3 i.e. Spraying of Propiconazole 25 EC @ 2 ml per lit of water 20 days interval and T1 i.e. Spraying of NRCB Bio consortia@ 50 gm. per lit of water as compared with rest of the treatments under experimentation. Deshmukh et al. 2018 stated that foliar spraying of Pseudomonas fluorescens at 10% effectively increased the yield (78.2Mt/ha).
4. CONCLUSION
NRCB Bio consortia (Penicillium sphenophyllum + Emericella nidulans), these beneficial microbes isolated from the banana Phyllosphere region.Bio control agents have been proven to have a good effect on the fruit yield and weight besides the suppression of the pathogen. The NRCB Bio consortium significantly reduces yellow Sigatoka leaf spot disease, and treated plants have 12-14 good quality green leaves without leaf spot disease at the time of harvest.The application of fungicides in excessive doses caused fungicide resistance and environmental pollution.Fungicides have a short-term effect on disease suppression.The cost of fungicides is too much for farmers to bear. NRCB Bio consortia and Propiconazole fungicide have the same effect on yield and disease control in banana crops. To wrap up, banana growers have the option to utilize the NRCB Bioconsortia module for effective management of banana sigatoka leaf spot, which results in sustainable yield and economic returns.
TABLE 1. SURVEY ON THE INCIDENCE OF SIGATOKA LEAF SPOT IN MAJOR BANANA GROWING VILLAGES OF KARUR DISTRICT.
	S.No.
	Village name
	District
	Latitude
	Longitude
	PDI %

	01
	Neidalur north
	Karur 
	10.8363
	78.5405
	38.65

	02
	Neidalur south
	Karur 
	10.8159
	78.51495
	43.78

	03
	Nachalur 
	Karur 
	10.934
	78.41257
	33.72

	04
	Inungur 
	Karur 
	10.933186
	78.4319
	25.45

	05
	Sooriyanur 
	Karur 
	10.8509
	78.5572
	40.52


(*PDI-Percent Disease Index)
TABLE 2. MANAGEMENT OF BANANA SIGATOKA LEAF SPOT DISEASES UNDER FIELD CONDITIONS (Deshmukh et al. 2018)
	Treatments
	Sigatoka  leaf spot Percent disease index 
	 PDI
%

	
	November 2023
	December 2023
	January 2024
	February 2024
	

	T1- Spraying of NRCB Bio consortia@ 50 gm. per litof water
	19.25
	14.75
	9.36
	7.85
	12.8

	T2- Spraying of TNAU Bacillus subtilis strain @ 0.5%
	21.75
	20.65
	19.65
	18.75
	20.2

	T3- Spraying of Propiconazole 25 EC @ 2 ml per lit of water
	20.15
	13.75
	9.35
	7.75
	12.75

	Control field
	22.85
	27.85
	29.45
	33.52
	28.41

	SE(d)
	0.25
	0.21
	0.22
	0.26
	0.21

	CD @ 1%
	0.52
	0.44
	0.46
	0.54
	0.45


(*PDI-Percent Disease Index)

TABLE 3. EFFICACY OF BIOCIDES DISEASE INCIDENCE AGAINST BANANA SIGATOKA LEAF SPOT UNDER FIELD CONDITION
	Treatments
	No of good leaves at the time of harvest per plant
	No. of hands/bunch
	No. of fingers/bunch
	Bunch weight (kg)
	Banana yield (q/ha)
	Percent increase in
Yield over control

	T1- Spraying of NRCB Bio consortia@ 50 gm. per litof water
	11.7
	8.6
	134.2
	17.47
	284.75
	13.06

	T2- Spraying of TNAU Bacillus subtilis strain @ 0.5%
	8.8
	6.6
	119.8
	15.81
	261.35
	3.77

	T3- Spraying of Propiconazole 25 EC @ 2 ml per lit of water
	11.8
	8.8
	134.6
	17.51
	285
	13.16

	Control plot
	5.6
	4.8
	100.6
	14.25
	251.85
	-

	SE(d)
	0.15
	0.11
	1.67
	0.22
	3.50
	-

	CD @ 1%
	0.32
	0.24
	3.48
	0.45
	7.32
	-


TABLE 4-GROSS COST, GROSS RETURNS, NET RETURNS, B: C RATIO OF TREATMENTS
	Treatments
	Gross cost
(Rs./ha)
	Gross Returns
(Rs./ha)
	Net Returns
(Rs./ha)
	B:C ratio

	T1- Spraying of NRCB Bioconsortia@ 50 gm per lit of water
	3,55,700
	6,82,200
	3,26,500
	1.91

	T2- Spraying of TNAU Bacillus subtilis strain @ 0.5%
	3,51,750
	6,27,240
	2,75,490
	1.78

	T3- Spraying of Propiconazole 25 EC @ 2 ml per lit of water
	3,57,700
	6,84,000
	3,26,300
	1.91

	Control plot
	3,45,000
	6,04,440
	2,59,440
	1.75

	SE(d)
	4,360
	8,391
	-
	0.02

	CD @ 1%
	9,125
	17,562
	-
	0.05
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                       Fig 1-Survey on diseases incidence of sigatoka leaf spot      
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                    Fig 2-Management of banana sigatoka leaf spot under field conditions
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