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ABSTRACT 
Sorghum (Sorghum bicolor (L.) Moench) is an important tropical cereal crop belonging to the tribe Andropogoneae of the family Poaceae, characterized by spikelets borne in pairs. Among the various diseases affecting sorghum, Turcicum Leaf Blight (TLB) caused by E. turcicum (Pass.) Leonard & Suggs, is a major foliar disease that thrives in warm and humid conditions. To explore effective biological as well as chemical management strategies a laboratory experiment was conducted at department of Plant Pathology during 2023-24 to evaluate the efficacy of five bioagents against TLB in sorghum under in vitro conditions. Among the tested bio-control agents, Trichoderma viride demonstrated the highest antagonistic activity with 84.44% inhibition of mycelial growth of E. turcicum, followed by T. harzianum and Trichoderma fasciculatum. The findings indicate the potential of T. viride as a promising biological control agent for managing TLB in sorghum. Among chemical treatments, fungicides such as Carbendazim 25% + Flusilazole 12.5% SE and Fluopyram 17.7% + Tebuconazole 17.7% SC achieved complete (100%) inhibition of fungal growth at all tested concentrations.	Comment by Sanjay Kharte: Write it completely in the abstract 
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INTRODUCTION
	Sorghum (Sorghum bicolour (L.) Moench) is a cultivated tropical cereal. It is generally considered to have first been domesticated in North-Eastern Africa, possibly along the Nile or Ethiopia as recently as 1000 BC (Kimber, 2000). Sorghum grain is a principal source of energy, protein, vitamins and minerals for the poor people living in the semi-arid tropics. It is nutritionally superior to rice because of its high mineral and fiber content. Starch (60-75%) is the main component of sorghum grain, followed by proteins (7-15%), non-starch polysaccharides (2-7%) and fat (1.5-6%). The average energetic value of whole sorghum grain flour is 356 kcal/100gm (Dicko et al., 2006). Sorghum is a good source of vitamins, notably the vitamins B (thiamin, riboflavin, pyridoxine and niacin) and the liposoluable vitamins A, D, E and K. 	Comment by Sanjay Kharte: Make this non italic 
The total area under sorghum in the world is about 40 million hectares and the total production of grain is 58-59 million tonnes (FAOSTAT, 2023). India has a total area of 03.81 million hectares with a production of about 4.23 million tonnes with Productivity 1110 kg/ha. In Gujarat the total area under sorghum is 0.04 million hectares with total production 0.06 million tonnes and productivity 1346 kg/ha (Anon., 2021-22). Sorghum is vulnerable to a range of fungal, bacterial, and viral diseases. The major diseases that affect sorghum include downy mildew (Peronosclerospora sorghi), turcicum leaf blight (Exserohilum turcicum), anthracnose (Colletotrichum graminicola) and sorghum smuts (kernel smut, loose smut, long smut and head smuts). Turcicum leaf blight is one of the most destructive foliar diseases of sorghum and maize. It can cause yield reduction more than 50% in susceptible varieties and is favored by mild temperatures and humid weather conditions with heavy dews (Bergquist, 1986). The disease occurs as long elliptic tan lesions that develop on lower leaves and progress upwards. Susceptibility to E. turcicum is reported to decrease with crop maturity (Frederiksen, 1980). 	Comment by Sanjay Kharte: This reference is not in the references list 	Comment by Sanjay Kharte: Add recent refences	Comment by Sanjay Kharte: Add recent refences
E. turcicum is a hemibiotrophic foliar pathogen of sorghum, teosinte, maize, Paspalum, Triticum, Hordeum, Avena, Oryza and Saccharum (Frederiksen, 1980; Bunker and Mathur, 2006). The pathogen was reported to be seed borne and survive both in time and space (Nobel and Richardson, 1968; Chidambaram et al., 1973; Ahmed and Reddy, 1993).  Its innate ability for chlamydospore (modified cells in conidia) production enables it to persist over time in crop debris (Shree and Luke, 1983). Soil inoculum results in seed rot and seedling blight when the soil temperature is low. Warm climate and high relative humidity (RH) favours the pathogen to multiply in polycylic manner on the leaves of susceptible cultivar producing peculiar localised wilt lesions that turns to elongated cigar shaped lesions. When infection occurs at pre-flowering stage in susceptible cultivars, grain yield losses of up to 50% may occur (Frederiksen, 1980). Low fertilizer, narrow spacing, monocropping further intensifies the incidence with varied severity depending on the existing pathotypes (Ogolla et al., 2019).	Comment by Sanjay Kharte: Unitalic everything except the scientific name   
E. turcicum has a complex life cycle that includes both sexual and asexual stages. The asexual stage, characterized by the production of conidia, is the primary means of disease spread. These conidia can be carried by wind or rain to healthy plants, where they germinate and infect the leaves. The sexual stage, which involves the formation of ascospores, occurs under specific environmental conditions and contributes to the long-term survival of the pathogen. The pathogen can persist on plant debris in the soil or on infected plant material, making crop rotation and proper field sanitation important aspects of disease management. By considering the severity of the disease, this experiment has been carried out effective and environment friendly management strategies. 

MATERIALS AND METHODS
Evaluation of Bio-control Agents against Pathogen in vitro	
Antagonistic effect of different bio agents were tested by dual culture technique for their efficacy against pathogen (Dennis and Webster, 1971). Seven days old culture of the bio agents and the pathogen were employed by following dual culture method. Mycelial disc of five mm diameter cut from the periphery of both antagonist and test pathogen and was placed at 50 mm apart from each other in Petri plates of PDA media. In case of bacterial bio-agents, the media was prepared in ratio of 50:50 by mixing PDA and NA media in equal quantity at the time of pouring media in Petri plate and half portion of plates streaked with bacterial bio-agent and five mm diameter mycelial disc of pathogen placed on other side of Petri plates. In control, only test pathogen was kept in the center of Petri plate. The Petri plates were incubated at 27±2oC in BOD incubator. The observations on mycelial growth (mm) and per cent growth inhibition of test fungi were recorded after seven days of incubation.	Comment by Sanjay Kharte: Remove this and insert the Celsius symbol 
TABLE 1. The table shows the experimental details	Comment by Sanjay Kharte: Make this bold 
	Location
	:
	PG Research Lab, Dept. of Plant Pathology, NMCA, NAU, Navsari

	Experimental Details
	:
	

	(a)
	Treatments
	:
	6

	(b)
	Repetition
	:
	4

	(c)
	Design
	:
	CRD



The observations on mycelial growth (mm) and per cent growth inhibition of test fungi was recorded after seven days of incubation. The per cent growth inhibition (PGI) of pathogen in each treatment were calculated by following formula (Asalmol et al., 1990).	Comment by Sanjay Kharte: Make this non italic 

          Where,   
          I = Inhibition per cent
         C = Colony diameter (mm) in control plate
         T = Colony diameter (mm) in treated plate
TABLE 2. Evaluation of Different Fungicides against Exserohilum turcicum in vitro	Comment by Sanjay Kharte: Make this italic

	Location
	:
	PG Research Lab, Dept. of Plant Pathology, NMCA, NAU, Navsari	Comment by Sanjay Kharte: Unbold everything in this column

	Experimental Details
	:
	

	(a)
	Treatments
	:
	34

	(b)
	Repetition
	:
	3

	(c)
	Design 
	:
	CRD



Efficacy of different fungicides were studied in vitro by Poisoned Food Technique method (Nene and Thapliyal, 1979) against the pathogen. For that total three replications were taken and statistical analysis was carried out using completely randomized design. Required quantity of each fungicide under study was mixed thoroughly in sterilized PDA media. The medium was supplemented with streptomycin sulphate at 50 ppm to prevent bacterial contamination. The poisoned medium then poured in sterilized Petri plates (20 ml) and allowed it to solidify. The plates were then inoculated with five mm diameter disc of Seven days old culture of test pathogen by placing in the center of the plate. Control was maintained for each set where fungal disc was placed on PDA medium without fungicide. Each treatments were repeated thrice. The inoculated plates were then incubated at room temperature. The observations on mycelial growth (mm) and per cent growth inhibition of test fungi were recorded after seven days of incubation.
The observations on mycelial growth (mm) and per cent growth inhibition of test fungi were recorded after seven days of incubation. The per cent growth inhibition (PGI) of pathogen in each treatment were calculated by following formula (Asalmol et al., 1990).


          Where,   
          I = Inhibition per cent
         C = Colony diameter (mm) in control plate
         T = Colony diameter (mm) in treated plate

RESULT AND DISCUSSION
Evaluation of Bio-control Agents against Pathogen in vitro	Comment by Sanjay Kharte: Add (in vitro Evaluation of Bio-Control Agent Against Test Pathogen)
Efficacy of five bioagents viz., Trichoderma viride Pers, ex. Grey, NAU isolate; T. harzianum Rifai NAU isolate; T. fasciculatum NAU isolate; P. fluorescens NAU isolate and Bacillus subtilis EII NAU isolate was evaluated against E. turcicum by dual culture method in vitro. The observations of mycelial growth and per cent growth inhibition (PGI) were recorded after seven days of inoculation and results are presented in Table	Comment by Sanjay Kharte: Make this italic	Comment by Sanjay Kharte: Add table No.
[bookmark: _Hlk169095233]The result of present investigation revealed that, all bio control agents were significantly superior than control. The lowest mycelial growth of E. turcicum 14.00 mm was recorded in T. viride with highest 84.44 per cent growth inhibition (PGI) as compared to other treatments at seven days after inoculation which is at par the second-best bio control agent T. harzianum with 21.63 mm mycelial growth and 75.97 PGI. The significantly next best treatment in order of merit was T. fasciculatum with 22.75 mm mycelial growth and 74.72 PGI. Remaining, bio control agents were found least effective in inhibiting the mycelial growth of E. turcicum with 71.39 PGI in B. subtilis and 61.11 PGI in P. fluorescens.
These results were largely consistent with findings of Vaibhav and Yogendra (2014). According to the results, the Trichoderma isolates and the isolate of P. fluorescens were able to completely inhibit mycelial growth of E. turcicum. Similarly, Wani et al., (2017) found the bio-control agent T. harzianum against E. turcicum was found very effective, resulting maximum inhibition of 76.38 per cent in the colony growth of E. turcicum within seven days.	Comment by Sanjay Kharte: Make this non italic 

Evaluation of Different Fungicides against Exserohilum turcicum in vitro
Efficacy of eleven different fungicides at three concentrations viz., 1000, 1500 and 2000 ppm were tested using poisoned food technique (Nene and Thapiyal, 1979) against the mycelial growth of E. turcicum causing leaf blight of sorghum in in vitro condition along with control. The observation on mycelial growth and per cent growth inhibition (PGI) were recorded after seven days of inoculation and results are mentioned in Table. 	Comment by Sanjay Kharte: Make this italic	Comment by Sanjay Kharte: Add table No.
All the concentrations of fungicides found significant in inhibiting the mycelial growth of E. turcicum over control. Carbendazim 25% + Flusilazole 12.5% SE and Fluopyram 17.7% + Tebuconazole 17.7% SC at all concentrations cent per cent inhibited the fungal growth and proved significantly superior over the rest of the fungicides tested. 
The significantly next best treatment at all concentrations was Tebuconazole 50% + Trifloxystrobin 25% WG showing 93.70, 95.19 and 96.85 PGI with 5.67, 4.33 and 2.83 mm mycelial growth at 1000 ppm, 1500 ppm and 2000 ppm respectively.
The next best treatments in order of merit were Azoxystrobin 18.2%+ Difeonconazole 11.4% SC with 88.15 PGI and 10.67 mm mycelial growth, Hexaconazole 5 EC with 85.19 PGI and 13.33 mm mycelial growth, Propiconazole 25 EC with 83.70 PGI and 14.67 mm mycelial growth and Carbendazim 12% + Mancozeb 63% WP with 75.19 PGI and 22.33 mm mycelial growth at 1000 ppm.
 At 1500 ppm, Hexaconazole 5 EC found third best with 87.04 PGI and 11.67 mm mycelial growth followed by Carbendazim 12% + Mancozeb 63% WP with 86.30 PGI and 12.33 mm mycelial growth ,Azoxystrobin 18.2%+ Difeonconazole 11.4% SC with 86.30 PGI and 12.33 mm mycelial growth and Copper oxychloride 50 WG with 68.15 PGI and 28.67 mm mycelial growth.	Comment by Sanjay Kharte: Add space 
The treatments found the next best at 2000 ppm were Carbendazim 12% + Mancozeb 63% WP with 91.48 PGI and 7.67 mm mycelial growth, Hexaconazole 5 EC with 89.70 PGI and 09.27 mm mycelial growth and Propiconazole 25 EC with 88.59 PGI and 10.27 mm mycelial growth. The least effective treatment at all three concentration was Azoxystrobin 23 SC with 53.33, 53.70, 59.26 PGI and 42.00, 41.67, 36.67 mm mycelial growth at 1000, 1500 and 2000 ppm.
In correspondence of present study, Reddy et al. (2013) found Mancozeb @ 0.25% and combination treatments of Carbendazim and Mancozeb @ 0.25% recorded the lowest per cent disease index (PDI) reducing the disease by 73.0% and 72.1% ,respectively.	Comment by Sanjay Kharte: Make this non italic	Comment by Sanjay Kharte: Remove and add space 
Similar results were revealed by Manu et al. (2017) against leaf blight of maize caused by E. turcicum and found the tebuconazole completely inhibit the pathogen growth at all the concentrations tested. In contact fungicides, propineb was highly effective as it inhibited the E. turcicum up to 83.89 per cent at 500 ppm and among combi. products, Carbendazim 12% + Mancozeb 63% at 500ppm showed complete inhibition of the mycelial growth of E. turcicum at higher concentrations.

CONCLUSION  
	Efficacy of five bioagents viz., Trichoderma viride Pers, ex. Grey, NAU isolate; T. harzianum Rifai NAU isolate; T. fasciculatum NAU isolate; Pseudomonas fluorescens NAU isolate and Bacillus subtilis EII NAU isolate was evaluated against E. turcicum by dual culture method in vitro. The investigation revealed that all biocontrol agents performed significantly better than the control. The lowest mycelial growth of E. turcicum 14.00mm was recorded in T. viride with highest 84.44 per cent growth inhibition (PGI) as compared to other treatments at seven days after inoculation which is at par the second-best bio control agent T. harzianum with 21.63 mm mycelial growth and 75.97 PGI. The significantly next best treatment in order of merit was T. fasciculatum with 22.75 mm mycelial growth and 74.72 PGI. Remaining, bio control agents were found least effective in inhibiting the mycelial growth of Exserohilum turcicum with 71.39 PGI in B. subtilis and 61.11 PGI in P. fluorescens. 	Comment by Sanjay Kharte: Make this italic
Efficacy of eleven different fungicides at three concentrations viz., 1000, 1500 and 2000 ppm were tested using poisoned food technique against E. turcicum in vitro. All concentrations of fungicides significantly inhibited the mycelial growth of Exserohilum turcicum compared to the control. Carbendazim 25% + Flusilazole 12.5% SE and Fluopyram 17.7% + Tebuconazole 17.7% SC at all concentrations cent per cent inhibited the fungal growth and proved significantly superior over the rest of the fungicides tested. 	Comment by Sanjay Kharte: Make this italic
	The significantly next best treatment at all concentrations was Tebuconazole 50% + Trifloxystrobin 25% WG showing 93.70, 95.19 and 96.85 PGI with 5.67, 4.33 and 2.83 mm mycelial growth at 1000 ppm, 1500 ppm and 2000 ppm respectively.
	The next best treatments in order of merit were Azoxystrobin 18.2%+ Difeonconazole 11.4% SC with 88.15 PGI and 10.67 mm mycelial growth, Hexaconazole 5 EC with 85.19 PGI and 13.33 mm mycelial growth, Propiconazole 25 EC with 83.70 PGI and 14.67 mm mycelial growth and Carbendazim 12% + Mancozeb 63% WP with 75.19 PGI and 22.33 mm mycelial growth at 1000 ppm.
	At 1500 ppm, Hexaconazole 5 EC found third best with 87.04 PGI and 11.67 mm mycelial growth followed by Carbendazim 12% + Mancozeb 63% WP with 86.30 PGI and 12.33 mm mycelial growth ,Azoxystrobin 18.2%+ Difeonconazole 11.4% SC with 86.30 PGI and 12.33 mm mycelial growth and Copper oxychloride 50 WG with 68.15 PGI and 28.67 mm mycelial growth.
	The treatments found the next best at 2000 ppm were Carbendazim 12% + Mancozeb 63% WP with 91.48 PGI and 7.67 mm mycelial growth, Hexaconazole 5 EC with 89.70 PGI and 09.27 mm mycelial growth and Propiconazole 25 EC with 88.59 PGI and 10.27 mm mycelial growth. The least effective treatment at all three concentration was Azoxystrobin 23 SC with 53.33, 53.70, 59.26 PGI and 42.00, 41.67, 36.67 mm mycelial growth at 1000, 1500 and 2000 ppm.
	Comment by Sanjay Kharte: add Acknowledgements
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Table 3. Effect of bio control agents on the mycelial growth and per cent  growth inhibition of E. turcicum in vitro
	Sr. No.
	Technical name
	Fungal growth diameter 7 DAI (mm)
	Per Cent Growth Inhibition (%)

	T1
	Trichoderma viride NAU isolate
	3.80 (14.00)a
	84.44

	T2
	Trichoderma harzianum  NAU isolate
	4.70 (21.63)b
	75.97

	T3
	Trichoderma fasciculatum  NAU isolate
	4.82 (22.75)c
	74.72

	T4
	Pseudomonas fluorescens NAU isolate
	5.96 (35.00)e
	61.11

	T5
	Bacillus subtilis NAU isolate
	5.12 (25.75)d
	71.39

	T6
	Control
	9.51 (90.00)f
	0.00

	
	S.Em. ±
	0.06
	

	
	CD at 5 %
	0.18
	

	
	CV %
	2.11
	



*Figures outside the parentheses are √X+0.5 transformation values whereas figures in parentheses indicate original values
Means followed by a common letter are not significantly different at the 5% level by DNMRT
DAI: Days after inoculation
	Comment by Sanjay Kharte: Replace graphs with the original trial photographs (According table 3)

	Fig. 1. Per cent growth inhibition of E. turcicum by bio control agent
T1: Trichoderma viride;  T2: T. harzianum; T3: T. fasciculatum  NAU isolate; T4: P. fluorescens ; T5: B. subtilis
 
Table 4. Effect of fungicides on the mycelial growth of E. turcicum in vitro
	Sr. No.
	Technical name
	Fungal growth diameter 7 DAI (mm)

	Concentration (ppm)
	1000
	1500
	2000

	T1, T2, T3
	[bookmark: _Hlk165378492]Azoxystrobin 23 SC
	6.52
(42.00)j
	6.49
(41.67)i
	6.10*
(36.67)j

	T4, T5, T6
	[bookmark: _Hlk165365648]Carbendazim 50 WP
	6.36
(40.00)hi
	6.26
(38.67)g
	5.87
(34.00)hi

	T7, T8, T9
	[bookmark: _Hlk165368064]Copper oxychloride 50 WG
	5.58
(30.67)g
	5.40
(28.67)f
	4.60
(20.67)g

	T10, T11, T12
	[bookmark: _Hlk165367896]Hexaconazole 5 EC
	3.72
(13.33)d
	3.49
(11.67)c
	3.12
(9.27)d

	T13, T14,T15
	[bookmark: _Hlk165365665]Propiconazole 25 EC
	3.89
(14.67)e
	3.76
(13.67)e
	3.28
(10.27)de

	T16,T17, T18
	[bookmark: _Hlk165377500][bookmark: _Hlk165369384]Sulphur 80 WP
	6.31
(39.33)h
	6.28
(39.00)gh
	5.76
(32.67)h

	T19,T20, T21
	[bookmark: _Hlk165365682]Carbendazim 12% + Mancozeb 63% WP
	4.78
(22.33)f
	3.57
(12.33)cd
	2.86
(7.67)c

	T22,T23, T24
	[bookmark: _Hlk165377483]Tebuconazole 50% + Trifloxystrobin 25% WG
	2.48
(5.67)b
	2.20
(4.33)b
	1.82
(2.83)b

	T25,T26, T27
	[bookmark: _Hlk165369435]Azoxystrobin 18.2%+ Difeonconazole 11.4% SC
	3.34
(10.67)c
	3.58
(12.33)cde
	3.48
(11.67)f

	T28,T29, T30
	[bookmark: _Hlk165365706]Carbendazim 25% + Flusilazole 12.5% SE
	00.71*
(0.00)a
	0.71*
(0.00)a
	0.71*
(0.00)a

	T31,T32, T33
	[bookmark: _Hlk165367459]Fluopyram 17.7% + Tebuconazole 17.7% SC
	00.71*
(00.00)a
	0.71*
(0.00)a
	0.71*
(0.00)a

	T34
	Control
	9.51
(90.00)k
	9.51
(90.00)j
	9.51
(90.00)k

	
	SEm ±
	0.04
	0.07
	0.07

	
	CD at 5 %
	0.11
	0.19
	0.20

	
	CV %
	1.40
	2.63
	2.97





























*Figures outside the parentheses are √X+0.5 transformation values whereas figures in parentheses indicate original values
Means followed by a common letter are not significantly different at the 5% level by DNMRT 
DAI: Days after inoculation

Table 5. Per cent growth inhibition of Exserohilum turcicum by fungicides in vitro
	Sr. No.
	Technical name
	Per Cent Growth Inhibition (%)

	Concentration (ppm)
	1000
	1500
	2000

	T1, T2, T3
	Azoxystrobin 23 SC
	53.33
	53.7
	59.26

	T4, T5, T6
	Carbendazim 50 WP
	55.56
	57.04
	62.22

	T7, T8, T9
	Copper oxychloride 50 WG
	65.93
	68.15
	77.04

	T10, T11, T12
	Hexaconazole 5 EC
	85.19
	87.04
	89.70

	T13, T14,T15
	Propiconazole 25 EC
	83.70
	84.81
	88.59

	T16,T17, T18
	Sulphur 80 WP
	56.30
	56.67
	63.7

	T19,T20, T21
	Carbendazim 12% + Mancozeb 63% WP
	75.19
	86.30
	91.48

	T22,T23, T24
	Tebuconazole 50% + Trifloxystrobin 25% WG
	93.70
	95.19
	96.85

	T25,T26, T27
	Azoxystrobin 18.2%+ Difenoconazole 11.4% SC
	88.15
	86.30
	87.04

	T28,T29, T30
	Carbendazim 25% + Flusilazole 12.5% SE
	100.00
	100.00
	100.00

	T31,T32, T33
	Fluopyram 17.7% + Tebuconazole 17.7% SC
	100.00
	100.00
	100.00

	T34
	Control
	0.00
	0.00
	0.00















	Comment by Sanjay Kharte: Replace all graphs with the original trial photographs 
(According table 3)

Fig. 2. Per cent growth inhibition of E. turcicum by fungicides at 1000 ppm



Fig. 3. Per cent growth inhibition of E. turcicum by fungicides at 1500 ppm


Fig. 4. Per cent growth inhibition of E. turcicum by fungicides at 2000 ppm
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