



EVALUATION OF DIFFERENT MODULES FOR THE MANAGEMENT OF MAYDIS LEAF BLIGHT DISEASE OF MAIZE CAUSED BY Bipolaris maydis (Nisikado and Miyake)
ABSTRACT


Maydis leaf blight (MLB) is a prevalent disease, caused by the necrotrophic plant pathogen Bipolaris maydis (Nisikado and Miyake), affecting maize worldwide. Depending on environmental conditions, MLB can lead to yield losses of up to 40% or even more in favourable conditions. To minimize the huge losses, the efficacy of different combinations of disease management components was assessed as an alternative approach. The effectiveness of three modules namely organic, chemical, and IDM, was tested at Tirhut College of Agriculture, Dholi, Muzaffarpur during 2020 and 2021. The IDM module, Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluerence @ 10g/l of water at 45 DAS & foliar  spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w Sc (Amister Top 325 SC) @ 1 ml/l of water at 40 DAS, foliar spray of cow urine (20%)  at 50 DAS was most effective in managing the disease followed by the Chemical module (Seed treatment with Thiram @ 3g/kg seed, foliar spray of  Mancozeb 75 WP @ 2.5 g/l of water at 40 DAS , foliar spray of Azoxystrobin  18.2 % + Difenoconazol 11.4 % w/w Sc (Amister Top 325 Sc) @ 1 ml/L of water at 50 DAS).  The IDM module exhibited the maximum mean yield ((6,742.50 kg/ha), highest increase in yield (57.32 %) and lowest PDI (27.40).  This study emphasizes the benefits of integrated disease management and underscores the enhanced efficacy of chemicals when compared to unprotected inorganic check (inoculated).
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INTRODUCTION


Maize is the most versatile crop adapted to different agro-ecological and climatic conditions. Maize is an important cereal crop next to rice, wheat and sorghum contributing almost 9 per cent to India’s food basket and 5 per cent to World’s dietary energy supply.It is a staple food crop that possesses third rank after wheat and rice and also plays a crucial role in feeding livestock (Berger et al., 2020). It is known as the queen of cereals because of its high genetic yield potential. It is grown throughout the year i.e. in all the seasons viz. rabi, spring, summer and kharif occupies approximately 83% of the area whereas Rabi maize occupies around 17% of the area. According to Ranju et al., (2018), maize makes up 19% and 15% of calories and protein respectively from food crops of the world. Maize is also a highly valued source of oil for human consumption. Due to the availability of carotenoids (ß-zeacarotene, ß-carotene, cryptoxanthin along with Pro Vit. A activity), crops are significant and have the potential to address the global issue of protein malnutrition and provide a wide range of health advantages, from lowering oxidative stress to maintaining normal vision (DAMC, 2019). India ranks 6th position in the world maize production with an area of 9.95 mha, and 33.72 mt production along with an average yield productivity is 3387 kg/ha.

This crop is prone to a number of biotic stress like foliar diseases, ear rot and stalk rot caused by fungi and bacteria, under favourable conditions. Southern Corn Leaf Blight (SCLB) or Maydis Leaf Blight (MLB) caused by Helminthosporium maydis (Syn. Bipolaris maydis (Nisik.) Shoemaker) (teleomorph: Cochliobolus heterostophus) is a serious fungal disease of maize throughout the world where maize is grown under warm, humid conditions (White, 1999). The incidence of disease was first reported from United States (Drechsler, 1923). From India, Munjal and Kapoor (1960) gave first report of its presence and isolated it from Maldah (West Bengal) Almost 70% yield loss is recorded due to SCLB (Wang et al., 2001). The existing management approach of chemical disease control is expensive and unsustainable. Hence the need to evaluate an integrated approach of chemical and biocontrol/botanical agents for its sustainable management. This study aimed to assess the efficacy of three management modules namely organic, chemical, and integrated disease management (IDM) against this disease in maize.  Keeping in view of the above facts the study has been proposed to work out on the topic “Evaluation of different modules for the management of Maydis leaf blight disease of maize caused by Bipolaris maydis (Nisikado and Miyake).”
 MATERIALS AND METHODS

The field trial was conducted on the evaluation of different modules for the management of Maydis leaf blight disease of maize caused by Bipolaris maydis (Nisikado and Miyake), during two consecutive kharif season 2020 and 2021 at the experimental site of the Dholi Kothi Farm, Tirhut College of Agriculture, Dholi, Muzaffarpur, Bihar. The research site was situated at a geographical site of 25.98°N latitude and 85.60°E longitude, with an elevation of 52.18 meters above sea level. The experiment was laid out in RBD with three replications. The net plot size was 4.5 m x 3.0 m and cultivar Rajendra hybrid Makka-1 was used with spacing of 60 cm x 20 cm. The gross plot size with 7 rows of 3 m each was prepared keeping a spacing of 60 cm x 20 cm (row x plant). 
Mass multiplication of the pathogen and inoculation: Sample sowing exact disease symptom of Bipolaris maydis was collected from maize research field of Dholi Kothi Farm. The fungus isolate was identified based on morpho-cultural characters. A virulent isolate was identified by pathogenicity tests. Mass multiplication of the most virulent isolate was done on sorghum grains and inoculation was done in 30–35 days old plants with pathogen. (Hooda et al., 2018; Aggarwal et al., 2021). 
Treatment details of the modules:  

T1: Organic module: Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluerence @ 10g/l of water at 45 DAS & foliar spray of cow urine (20%) at 60 days.

T2: Chemical module: Seed treatment with Thiram @ 3g/kg seed, foliar spray of Mancozeb 75 WP @ 2.5 g/l of water at 40 DAS and foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 50 DAS.

T3: IDM module: Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluoresce @ 10g/l of water at 45 DAS & foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 20 days after 1st sprays + foliar spray of cow urine (20%) at 10 days after 2nd sprays.

T4: Protected check: Foliar spray of Mancozeb 75 WP @ 2.5 g/l of water at 35 and 50 DAS.

T5: Unprotected organic check (Inoculated): Use FYM.
T6: Unprotected inorganic check (Inoculated): Nil
The Trichoderma harzianum @ 10g/ kg seed was used as seed bio priming for organic and IDM modules where as Thiram @ 3g/kg seed was used for chemical module. Foliar spray of Pseudomonas fluoresce @ 10g/l of water at 45 DAS was used for organic and IDM module. 
Disease severity and percent disease control : MLB disease data were recorded after 30–35 days of artificial inoculation using a 1–9 rating scale (Hooda et al., 2018)
	Table1: Disease Rating Scale for Maydis leaf blight of maize
Rating scale 
	Degree of infection (Per cent DLA*)
	PDI**
	Disease Reaction

	1.0
	Nil to very slight infection (<10%).
	11.11
	Resistant (R)
(Score: ≤3.0)

(DLA: ≤30%)
(PDI:  ≤33.33)

	2.0
	Slight infection, a few lesions scattered on two lower leaves (10.1– 20%).
	22.22
	

	3.0
	Light infection, moderate number of lesions scattered on lower leaves (20.1 – 30%).
	33.33
	

	4.0
	Light infection, moderate number of lesions scattered on lower leaves, a few lesions scattered on middle leaves below the cob (30.1 – 40%).
	44.44
	Moderately resistant (MR)
(Score: 3.1 - 5.0)

(DLA: ≤ 30.1-50%)

(PDI:  33.34 – 55.55)

	5.0
	Moderate infection, abundant number of lesions scattered on lower leaves, moderate number of lesions scattered on middle leaves below the cob (40.1 – 50%).
	55.55
	

	6.0
	Heavy infection, abundant number of lesions scattered on lower leaves, moderate infection on middle leaves and a few lesions on two leaves above the cob (50.1 – 60%).
	66.66
	Moderately susceptible (MS)
(Score: 5.1 - 7.0)

(DLA: ≤ 50.1-70%)

(PDI: 55.56 – 77.77 )

	7.0
	Heavy infection, abundant number of lesions scattered on lower and middle leaves  and moderate number of lesions on two to four leaves above the cob (60.1 – 70%).
	77.77
	

	8.0
	Very heavy infection, lesions abundant scattered on lower and middle leaves and spreading up to the flag leaf (70.1 – 80%).
	88.88
	Susceptible (S) 
(Score: > 7.0)

(DLA: > 70%)

(PDI: > 77.77 )

	9.0
	Very heavy infection, lesions abundant scattered on almost all the leaves, plant prematurely dried and killed (>80%)
	99.99
	


* DLA-Diseased leaf area; ** Per cent disease index (PDI) 

Severity of disease: Disease severity was calculated using the following formula: 
                                           Sum of numerical rating of disease scale
Disease severity (%) =   ---------------------------------------------------------x 100

                                          No. of plants examined x Maximum grade

The reduction of the disease due to various treatments was   calculated by the following formula: 

                      C –T
Disease control (%) = --------------x 100

                       C
Where C is the percent disease incidence in the untreated plants and T is the per cent disease incidence in the treated plants. 

Estimation of yield: Harvesting of cobs was done as soon as the husks (outer covers) turned brown and the silks became completely dry. Grain yield was computed after shelling of the cobs and the calculation of the percent increase in grain yield over untreated control was carried out using the following formula given by Vanisree et al., (2013):
                      Yield in treatment – Yield in control
Yield increase (%) =    -----------------------------------------------x 100

                        Yield in control

RESULT:

Maydis leaf blight was observedin all the treatments during Kharif 2020 and 2021 at research farm of Dholi. Typical symptoms of oval to elongated lesions appeared on the leaves. Initially, the lesions were small and pale green, but as they mature, they enlarged and turned tan to brown. The lesions had a reddish- brown border.
Result indicated that the IDM  module (Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluoresce @ 10g/l of water at 45 DAS & foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 20 days after 1st sprays + foliar spray of cow urine (20%) at 10 days after 2nd sprays.) was most effective in controlling the disease followed by the chemical module (Seed treatment with Thiram @ 3g/kg seed, foliar spray of Mancozeb 75 WP @ 2.5 g/l of water at 40 DAS and foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 50 DAS). The IDM module exhibited the maximum mean yield (6,742.50 kg/ha), highest increase in yield (57.32 %) and lowest PDI (27.40%). In the treatments of Chemical module and Protected check, PDI (43.69 % and48.51 %), yield kg/h (5568.33 and5235.83), and increase in percent yield (29.92 % and22.17 %) were observed respectively. Maximum PDI (79.99 %) and minimum yield kg/h was observed in Unprotected inorganic check (inoculated).This study emphasizes the benefits of integrated disease management and underscores the enhanced efficacy of chemicals when compared to Unprotected inorganic check (inoculated) (Table 2).
Table -2: Effect of different modules on the incidence of MLB, per cent disease control,
              yield (kg/h), and per cent increase yield over check of maize 
	Treatment
	PDI *
	Disease control (%)
	Mean Grain yield

	
	
	
	(kg/ha)
	Yield Increase (%)

	T1: Organic module: Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluerence @ 10g/l of water at 45 DAS & foliar spray of cow urine (20%) at 60 days.
	53.69
	32.88
	4,985.00


	16.31



	T2: Chemical module: Seed treatment with Thiram @ 3g/kg seed, foliar spray of Mancozeb 75 WP @ 2.5 g/l of water at 40 DAS and foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 50 DAS.
	43.69
	45.38
	5,568.33
	29.92

	T3: IDM module: Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluoresce @ 10g/l of water at 45 DAS & foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 20 days after 1st sprays + foliar spray of cow urine (20%) at 10 days after 2nd sprays.
	27.40
	65.75
	6,742.50
	57.32

	T4: Protected check: Foliar spray of Mancozeb 75 WP @ 2.5 g/l of water at 35 and 50 DAS.
	48.51
	39.35
	5,235.83
	22.17

	T5: Unprotected organic check (Inoculated): Use FYM.
	72.58
	9.26
	4,577.50
	6.81

	T6: Unprotected inorganic check (Inoculated): Nil
	79.99
	-
	4,285.83
	-

	S. Em ±  
	4.76
	-
	113.25
	-

	CD (0.05)
	14.32
	-
	337.12
	-

	CV (%)
	12.56
	-
	10.54
	-


Discussion: 
Stidied on effect of different management modules on the severity of Maydis leaf blight of maize during Kharifseasons2020 and 2021 at Tirhut College of Dholi center. IDM module showed the lowest mean disease severity (27.40 %) followed by the Chemical module (43.69 %) as compared to other treatments. The IDM module (Seed treatment with Trichoderma harzianum @ 10g/kg seed, foliar spray of Pseudomonas fluoresce @ 10g/l of water at 45 DAS & foliar spray of Azoxystrobin 18.2 % + Difenoconazol 11.4 % w/w SC (Amister Top 325 SC) @ 1 ml/l of water at 20 days after 1st sprays + foliar spray of cow urine (20%) at 10 days after 2nd sprays.provided the highest reduction in leaf blight severity (65.75%) along with a (57.32%) increase in maize yield in comparison to the Unprotected inorganic check (Inoculated). (Ashlesha et al., 2019).Biocontrol agents like Bacillus subtilis and Pseudomonas fluorescence have reduced the severity of maydis leaf blight by up to 28% (Atri et al., 2022). Foliar spray of Organic treatments like Cow urine (20.08–21.73 %), Cow dung slurry (14.26–22.22 %), Panchgavya (15.55–22.02 %), and Vanaspativash (14.90–19.50%) have reduced the severity of Cercospora leaf spot of fenugreek and significantly increased plant growth (Mishra, 2018). However, all three modules (organic, chemical, and IDM),andProtected check showed higher yield as compared to unprotected inorganic check (Inoculated) (79.99 %). In a study conducted by Lal et al., (2017), it was found that organic module-1 (M1) comprising of soil application of vermin compost @5 t/ha + foliar spray of 5% garlic extract @ 2.0 kg/ha + 2% neem oil @ 5 liter/ha + soil application of neem cake @150 kg/ha and Trichoderma @ 2.5 kg/ha, seed treatment with Rhizobium @100 ml/kg seed, PSB @ 100 ml/kg seed and Trichoderma @10 g/kg seed exhibited highest grain yield (1515.21 kg/ha), in fenugreek crop. In the present study also, the IDM module showed a significantly higher yield (6742.50kg/h) with maximum per cent increase yield (57.32 %).It is worth noting that Mancozeb, used as the Protected check, remained the most effective module in comparison to others. Significant findings emerged from this research, indicating that both IDM and chemical modules exhibited the highest efficacy in reducing disease severity and improving grain yield.These results provide valuable insights and highlight the potential of these management modules as alternative strategies for MLB control. These findings open new avenues for farmers and agricultural practitioners to adopt integrated approaches encompassing chemical, organic, and IDM techniques to effectively manage MLB. By utilizing these multifaceted modules, farmers can achieve notable reductions in disease severity while simultaneously boosting crop productivity. 


It is essential to acknowledge that the conclusions drawn from this study are based on rigorous experimentation and analysis. However, further research and field trials are necessary to validate and refine the proposed management modules for MLB control in different regions and under varying environmental conditions. Such endeavors will contribute to the development of sustainable and efficient strategies to combat MLB and ensure the continued productivity of maize crops. 
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