


Biological Management of Cotton Target Leaf Spot (Corynespora cassiicola) Using Bacterial Endophytes
 

ABSTRACT 
Background: Cotton, a major global fibre and oilseed crop, is significantly affected by foliar diseases like target leaf spot, causing substantial yield losses. Due to concerns over chemical control, endophytic bacteria offer a sustainable alternative by suppressing pathogens through multiple biocontrol mechanisms.
Aims : To evaluate  the  efficacy of bacterial endophytes against target leaf spot of cotton under in vitro and field conditions and to  identify the most effective endophyte for the eco-friendly management of the  disease
Study design: All the laboratory experiments were conducted using a Completely Randomized Design(CRD) and field experiment was laid out using a Randomized Block Design (RBD)
Place and Duration of Study: Department of Plant Pathology and Department of Cotton, Tamil Nadu Agricultural University, Coimbatore. August  2023- December  2025
Methodology: The target leaf spot pathogen was isolated by tissue isolation method and confirmed as Corynespora cassiicola  through morphological and molecular characterization. The efficacy of bacterial endophytes against C. cassiicola  was evaluated by dual culture technique. The effect of the most effective endophyte namely B.amyloliquefaciens on mycelial growth of observed through Scanning Electron Microscopic (SEM) analysis. The lipopeptide antibiotic genes present in the effective entophytes was  identified by PCR amplification using gene specific primers. Furthermore, glass house and field experiments were conducted to evaluate the efficacy of effective endophytes against target leaf spot of cotton 
Results :  A total  of 10 bacterial endophytes were screened for their antifungal potential against C. cassiicola by dual culture technique under in vitro conditions. Among these, Bacillus amylolquefaciens stand out as a superior endophyte in  inhibiting growth of the  C. cassiicola by 72.0 per cent. This was followed by B.safensis, B.megaterium and B.subtilis which repressed the growth by 69.1, 68.8 and 64.1 per cent respectively. Scanning Electron Microscopic observation revealed the hyphae of C. cassiicola exhibited morphological abnormalities such as shrinkage,disintegration and lysis when co cultured along with B. amylolquefaciens. The lipopeptide antibiotics genes such as surfactin ,iturin and fengycin were detected in B. amylolquefaciens  through PCR amplication using gene specific primers. Foliar application of liquid formulation of  B. amylolquefaciens  @0.5 % twice first  at 45 DAS  and  second at 60 DAS  was found to be promising in suppressing the target leaf spot incidence and increasing the yield under both glass house and field conditions. This treatment also promoted the growth by enhancing the root and shoot length of cotton under glass house conditions. Our results demonstrated that, B. amylolquefaciens could be used as an eco-friendly alternative to chemicals for the sustainable management of target leaf spot in cotton.
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1.INTRODUCTION 
	Cotton is the most significant fibre crop in the world, accounting for half of all fibres used in the industry. Cotton is referred to as “king of Fibres” and is also popularly known as “white Gold”.Cotton is one of the agricultural products that provide both natural fibre and edible oil. India is the second largest cotton grower in the world with an area of  124.69  lakh ha with the production of 323.11 lakh bales and productivity of  and 441 kg/ ha (Cotton Corporation of India, 2023-24). It provides employment and livelihoods to approximately 42 million people engaged directly or indirectly in cotton cultivation, processing, textile production, and associated activities. Cotton yield is influenced by a wide range of biotic and abiotic stress factors. Among the biotic factors, the foliar diseases namely leaf blight (Alternaria macrospora Zimm), target leaf spot (Corynespora cassiicola (Berk. & M. A. Curtis)C. T. Wei,  Grey mildew (Ramularia areola G.F. Atk.) and bacterial blight  (Xanthomonas citri pv. malvacearum (Pammel) Dowson) are major diseases which  inflicts severe economic losses.
	Target leaf spot is an important foliar disease causing premature defoliation during boll formation stage (Bowen et al.,2018). It was first reported in Alabama (USA) on upland cotton (Gossypium hirsutum L.) during 1959 (Jones, 1961).   In India, the incidence of target leaf spot was reported in the North Maharashtra region (Dhule, Jalgaon, and Nandurbar districts) during 2012–2014, and subsequently in Nagpur district and Guntur (Andhra Pradesh) in 2017 ( Salunkhe et al., 2019). In Tamil Nadu it was found to prevalent in Coimbatore, Tuticorin, Dindigul and Perambalur districts. The disease manifests as small circular spots with a purple-colored margin and a gray, depressed center. In severe cases, the lesions coalesce, leading to extensive necrosis, premature senescence, and ultimately the death of the leaf. Lint yield loss of  448 kg per hectare has been reported in susceptible  cotton varieties ( Hagan et al.,  2015 ).Fungal foliar diseases including target leaf spot inflict yield loss to an extent of 16- 26 per cent in hybrids (Roshan et al.,2022)
  	 Chemical fungicides have been widely employed for the management of plant diseases. However, their indiscriminate use poses significant risks to human and animal health, as well as to the environment and soil microbiome, while also promoting the development of pathogen resistance over time. This underscores the need to identify novel biocontrol agents for sustainable disease management. Endophytic bacteria with biocontrol potential represent a viable alternative to conventional chemical pesticides. Endophytes are plant-associated microorganisms that colonize inside the plant  tissues  with-out causing  harm to the plants and   are source of novel bioactive compounds (Chaudhary et  al., 2022). These endophytic bacteria suppress plant pathogens through multiple mechanisms, including competition for colonisation sites and nutrients, antibiosis, promotion of plant growth, and the induction of systemic resistance (Li et al., 2023). Endophytes produce various bioactive secondary metabolites including antibiotics, lipopeptides, and volatile organic compounds with antibacterial, antifungal, and antiviral properties, which play a vital role in phytopathogen suppression (Ali et al., 2024).Therefore the present study was carried out to evaluate the efficacy of endophytes against  target leaf spot in cotton under both in vitro and field conditions. 
2.MATERIALS AND METHODS

2.1  Isolation and characterization of the  pathogen
  
	The pathogens associated with target leaf spot was isolated from infected cotton leaves using the tissue segment method. The leaves showing characteristic symptoms of target leaf spot was cut into thin segments  and surface sterilized with 1% sodium hypochlorite and rinsed three times with sterile distilled water. The sections were blotted dry with sterile tissue paper to remove excess moisture. The sterilized segments were placed on Potato Dextrose Agar (PDA) medium and incubated at room temperature (28±2°C). The fungal cultures were purified by hyphal tip method and preserved on PDA slopes  at 4°C for further use. The morphological characters namely mycelial colour and the shape and size of the conidia was used for identifying the pathogen. Molecular characterization was done by amplifying ITS region of the using universal primers ITS I and ITS 4  followed by sequencing and blast analysis. The pathogen was confirmed as Coryneospora cassicola with accession No PX683790 was used in this study. 
2.2  In vitro screening of bacterial endophytes against Coryneospora cassiicola
The antagonistic efficacy of ten bacterial endophytes obtained from the Department of Plant Pathology culture collection was evaluated against C. cassiicola using the dual culture technique as described by Dennis and Webster (1971). A 9 mm mycelial disc of the pathogen was aseptically placed at one end of a Petri plate. The respective bacterial isolates were streaked approximately 1 cm from the edge of the plate, directly opposite the position of the pathogen inoculum. Plates inoculated solely with the pathogen served as the control. Each treatment was replicated three times. All plates were incubated at 28 ± 2 °C for a period of 10 days. Following incubation, radial growth of the pathogen was recorded. The percentage inhibition (PI) relative to the control was subsequently calculated as follows.
PI 	=         
where,   
                           PI – Inhibition percentage
                           C – Radial growth of pathogen in control.
                           T – Radial growth of pathogen in treatment
2.2.1 SEM analysis of endophytic bacteria against Coryneospora cassiicola
	The interaction between effective endophytic bacteria (Bacillus amyloliqifaciens  against  C. cassicola was visualized using a Scanning Electron Microscope (SEM). Mycelium was collected from interactive zone of bacterial endophyte and pathogen (dual culture plate) and control plate (pathogen alone) and it was spread on double sided conductive carbon tap fixed on the stub and the SEM mages were captured.

2.3 PCR detection of lipopeptide antibiotic genes
       Five endophytes viz., B.subtilis, B.safensis,B.tequilensis, B.megaterium and B.amyloliquefaciens which showed more than 60 per cent growth inhibition of  C.cassicola under in vitro condition was  selected for the PCR detection of lipopeptide antibiotics genes namely ,surfactin, iturin  and fengycin .
	The genomic DNA from the selected endophytes were isolated using the standard protocol of CTAB method proposed by Knapp and Chandlee (1996).The genes for the synthesis of antibiotic lipopeptides surfactin, iturin , and fengycin  were detected by PCR using specific primers listed in table 1. Amplification reaction was accomplished with a DNA thermal cycler (Agilent technologies) using the step cycle program set for denaturing at 94ºC for 1 min, annealing (temperature specified in table 1) for 1 min. and extension at 72ºC for 1 min. for a total of 35 cycles. The amplified PCR products were run on 1.5% agarose gel in tris-acetate buffer on the method described by Sambrook et al. (1989). The gel was stained with ethidium bromide, visualized on an UV-transilluminator and photographed in the gel documentation unit (Alpha Innotech Corp, USA).
Table 1. Primers used for molecular detection of lipopeptide antibiotic genes
	Antibiotic
	Primer name
	Primer sequence (5’-3’)
	Annealing temp.
	Amplicon size (bp)
	Reference

	Surfactin
	SUR3F
SUR3R
	ACAGTATGGAGGCATGGTC
TTCCGCCACTTTTTCAGTTT
	57ºC
	441
	Ramarathnam et al., 2007

	Iturin 
	ITUD1F
ITUD1R
	GATGCGATCTCCTTGGATGT
ATCGTCATGTGCTGCTTGAG
	60ºC
	647
	Ramarathnam et al., 2007

	Fengycin 
	FEND 1F
FEND 1R
	TTTGGCAGCAGGAGAAGTTT
GCTGTCCGTTCTGCTTTTTC
	60ºC
	964
	Athukorala et al., 2009


2.4 Glass house experiment 
 	Glass house experiment was conducted with seven treatments and three replications and the treatments were arranged in Completely Randomized Block Design and the treatment details are presented in Table 3. The bacterial endophytes viz., B. subtilis, B. B.safensis, B.tequilensis, B.megaterium  and  B. amylolquefaciens  were selected for evaluating their efficacy against target leaf spot.  The chemical check, Tebuconazole 50% + Trifloxystrobin 25% WG and inoculated control was also included in the treatment.
 	Pots of 30 cm was filled with sterilized pot mixture  and the seeds of RCH 659 was sown @ two seeds /pot .Liquid formulation of  respective endophytes was sprayed @ 0.5 % twice,  first spray at 45 Days After Sowing (DAS) and second at 60 DAS. One day before first spraying plants were inoculated with  spore suspension of C.cassicola (5x105 spores/ ml). The  observations were recorded on target leaf spot incidence using 0 – 4  grade (Sheo Raj, 1988)  and the Per cent Disease Index(PDI)  was worked out using the formula  as given below 
List 1. Score chart for target leaf spot of cotton 
	Grade
	Percent of leaf area infected

	0
	No infection

	1
	Few spots of less than 2 mm size, leaf area covering less than 5%

	2
	Spots of 3 mm size, covering 6-20% of leaf area

	3
	Spots of 3-5 mm size, irregular in shape coalesce and covering 21-40% of leaf area.

	4
	Spots covering more than 40% of leaf area



	[bookmark: _Hlk108741017]
Percent disease index (PDI)  
	
=
	     Sum of individual ratings
	

	        100


	
	
	Total number of leaves observed  
	
	Maximum grade


	The    growth parameters namely root length , shoot length and yield traits  such as number of bolls / plant and boll yield/ plant  were  also recorded. 
2.5 Field experiment  
	Three endophytes viz., Bacillus safensis, B. megaterium  and B. amylolquefaciens  which  reduced target leaf spot incidence by more than 60 per cent under glass house was selected and evaluated in the field during  Kharif season of  2024- 2025 . The experiment comprised of five treatments and four replications in Randomized Block Design (RBD). The treatment details are furnished in Table 4.Sowing was taken with the variety RCH 659 and the crop was maintained by following standard package of practices as per the recommendation of the crop production guide, Tamil Nadu Agricultural University, Coimbatore. Foliar spraying was given with respective entophytes, twice , first at 45 DAS and second  at 60 DAS. The fungicide namely Tebuconazole 50%and triflooxystrobin 25% @ 0.6 g per of litre water served as a chemical check. The observations were recorded on target leaf spot using the  0- 4 disease score chart and the PDI  was calculated  and  seed cotton yield  was also recorded.
2.6 Statistical Analysis  
	All the experimental data were statistically analysed using OPSTAT online statistical tool (O.P. Sheoran, Computer Programmer at CCS HAU, Hisar, India). Statistically significant differences among treatments were determined using analysis of variance (ANOVA), followed by Duncan’s Multiple Range Test (DMRT) at the 1% level of significance (Panse and Sukhatme, 1967).  
3. RESULTS AND DISCUSSION
3.1 In vitro screening of bacterial endophytes against Coryneospora cassicola
	A total of 10 bacterial endophytes were screened for their antagonistic potential against target leaf spot pathogen. Among these, B. amyloliquefaciens out performed in inhibiting the growth C. cassicola  by recording growth inhibition of 72.0 per cent   (Fig. 1, Plate 1.)  This was  consistent with findings of Rajesh et al .(2024) who reported that B. amyloliquefaciens CEB3 exhibited excellent antifungal action against Pyricularia grisea, Colletotrichum falcatum  and Lasiodiplodia theobromae. Antifungal potential of  B. amyloliquefaciens  Mdgb15 against Botrytis cinerea  was demonstrated by Yang,  et al .(2024). In the present investigation, the endophytes  namely B.safensis, B.megaterium and Bacillus subtilis  were potential in reducing the growth of  C. cassicola  by 69.4 , 68.8 and 64.1 per cent respectively (Fig .1. ).  Bacillus spp generate variety of secondary metabolites, which play vital role in antibiosis against various pathogenic microbes (Bora et al., 2023). It produce lytic enzymes such as chitinase and β-1,3-glucanase, which helps to  break down fungal cell walls.  The endophyte B.safensis displayed antagonistic action against Magnoporthe grisea (Songhao Rong et al.,2020). Antifungal potential of B.megaterium against Rhizoctonia solani causing  root rot in tomato and B. subtilis against  tea blister blight pathogen Exobasidium vexans  was demonstrated by Abbas et al.( 2024 ) and Do (2025) .The endophyte B. altitudinus showed the least growth inhibition of 37.3 percent.





Plate 1. Growth inhibition of   C.cassicola by  B.  amyloliquefaciens  in dual culture technique
[image: ]
Fig.1 .In vitro efficacy of bacterial endophytes against C. cassicola   
3.1.2 SEM analysis 
[image: ] 	Examination of hyphae of C. cassicola from the dual culture assay by SEM revealed morphological alterations. Shrinkage, deformation and lysis of mycelium was observed when C.cassicola was co cultured with B. amyloliquefaciens. Mycelium from the control plate (pathogen alone) showed normal growth without any aberrations (Plate 2).  Similar morphological  abnormalities in  Alternaria sp and Fusarium solani  due to bacterial endophytes was previously reported by Al-Nadabi et al.(2021)A
B


                                         


A. C.cassicola mycelium(Untreated) 
B. C.cassicola mycelium co cultured with  B. amyloliquefaciens showing shrinkage and deformation 
Plate 2. SEM analysis of  C.cassicola mycelium co cultured with  B. amyloliquefaciens

3.2 Detection of lipopeptide antibiotic genes in endophytic Bacillus sp 
	The gene specific region of antibiotic biosynthetic genes such as surfactin ,iturin and  fengycin were amplified with the respective antibiotic specific primers namely SUR3F and SUR3R, ITUD1F and ITUD1R, FEND1F and FEND1R . All the five endophytes viz., B.subtilis, B.safensis, B.tequilensis, B.megaterium and B. amyloliquefaciens showed an amplified gene product of 441 bp, which indicated the presence of surfactin  gene . The iturin  gene was  detected in four endophytes viz., B.safensis, B.tequilensis,B.megaterium and B.amyloliquefaciens  amplicon size of   647 bp and it was not detected  in B. subtilis . The specific primer for the Fengycin  bound with the genomic DNA and amplified with an amplicon of size 964 bp.  Four  endophytes viz., B. subtilis, B.safensis, B.tequilensis and B. amyloliquefaciens showed the presence of fengycin, where as it was absent in B.megaterium. All the   three lipopeptide antibiotic genes were detected in B. amyloliquefaciens  (Table 2). The findings of this study was in concordance with the previous study by Arguelles et al .(2009) who detected the surfactin, iturin and  fengycin, in  the culture supernatants of the plant-associated B. amyloliquefaciens GA1 which  showed antifungal action against phytopathogens.The crude lipopeptides of B. amyloliquefaciens TF28 inhibited the growth of F. moniliforme, Botrytis cinerea and F. oxysporum (Zhang et al. 2012). Jiao et al. (2021) demonstrated the production of fengycin and bacillomycin D in B. amyloliquefaciens which potentially inhibited the spore germination of Erysiphe cichoracearum . The lipopeptide antibiotics namely surfactin, iturin, and fengycin produced  by B.amyloliquefaciens are considered as the main antifungal compounds against plant pathogens (Li et al., 2019).

Table 2. Detection  of surfactin, iturin A and fengycin gene in endophytic bacteria  
             through PCR 

	S.No
	Endophytes
	Surfactin
	Iturin A
	Fengycin

	1
	Bacillus subtilis
	+
	-
	+

	2
	B.safensis
	+
	+
	+

	3
	B.tequilensis
	+
	+
	+

	4
	B.megaterium
	+
	+
	-

	5
	B. amyloliquefaciens
	+
	+
	+


      
+ Present        - Absent 
3.3  Evaluation of bacterial endophytes against target leaf spot of cotton under glass   
      house conditions 
  
	Five endophytes viz., B.subtilis, B.safensis, B.equilensis, B.megaterium and amylolquefaciens which showed more than 60 per cent growth inhibition of C.cassicola under in vitro condition was evaluated against target leaf spot under glass conditions. The experimental results revealed that  foliar spraying of   B. amylolquefaciens  liquid formulation @0.5 % twice first  at 45 DAS  and  second at 60 DAS showed notable reduction in target leaf spot incidence. It was significantly superior to other endophytic treatments, recording a disease incidence of 12.3 PDI compared to 37.5 PDI in the inoculated control, resulting in a disease reduction of 67.2 per cent (Table 3). This was concordance with the findings of Soliman et al. (2022) who found that B. amylolquefaciens  greatly diminished the incidence of Alternaria blight in pepper plants.  The disease protection potential  of B. amyloliquefaciens-SS7 against Rhizoctonia solani infection in sudan grass was  demonstrated by Kumar et al .(2025).  The endophyte  B.megaterium and  B.safensis   reduced the disease incidence by 63.2 and 62.1 percent respectively. The biocontrol potential of B.megaterium against root rot in tomato was previously reported  by Abbas et al .(2024) and  B.safensis   was proved to be effective against blast in rice  Songhao Rong et al .(2020). The chemical check used for comparison Tebuconazole 50% + Trifloxystrobin 25% WG @ 0.6g/l  exhibited the disease reduction of 78.1 per cent. 
       Bacterial endophytes modulates  the production of growth harmones  namely  cytokinin, auxin, and ethylene in plants and facilitate  the uptake of nutrients like potassium, nitrogen, phosphorus, and iron from the environment,there by promoting the plant growth (Vardharajula et al.,2017). In this investigation, foliar application of all the endophytes demonstrated to be efficient in enhancing the growth and yield traits. The highest root and shoot length of 28.7 and 91. 3 cm respectively was recorded in   B. amylolquefaciens, treated plants as against, root shoot length of 18. 5 and 67.7 cm respectively in the inoculated control. The yield traits such as, no of bolls per plant(14.8)  and seed cotton yield per plant ( 57.7) was found to be the highest in the plants treated with B. amylolquefaciens. (Table 3).Increased total plant height and dry weight in pepper plants due to B. amylolquefaciens  treatment was earlier reported by  Soliman et al .(2022).  The seed priming  with B. amylolquefaciens  CEB3 @6g/kg in  finger millet recorded maximum shoot and root length, shoot and root weight, and the highest vigour index (Rajesh  et al 2024). The yield traits such as, no of bolls per plant(14.8)  and seed cotton yield per plant ( 57.7) was found to be the highest in the plants treated with B. amylolquefaciens.
Nagendran et al (2014) reported , significant reduction in  sheath blight intensity and increases in grain and straw yield in rice plants treated with B. amyloliquefaciens (FZB24) under glass house conditions. 

Table 3.Evaluation of endophytes against target leaf spot and growth and yield traits     
            of cotton under pot culture   conditions

	T.No 
	Treatment details 
	Target leaf spot 
	Growth parameters           
	Yield traits

	
	
	Disease incidence (PDI)*
	% reduction over control 
	Root length (cm) *
	Shoot length 
(cm) * 
	No of bolls/plant*
	Seed cotton yield/ plant(g)*

	T1
	FS  with  Bacillus  subtilis 0.5 %  at 45 and 60 DAS 
	15.7
(23.4)d
	58.0
	22.7d
	85.8d
	9.7c
	37.8d

	T2
	FS  with  B. B.safensis   0.5 %  at 45 and 60 DAS 
	14.2
(22.1)c
	62.1
	26.3b
	89.5b
	12.7b
	49.5b

	T3
	FS with  
B.tequilensis
@ 0.5 %  at 45 and 60 DAS 
	16.8
(24.1)d
	55.2
	19.4e
	81.7e
	8.3d
	32.4e

	T4
	FS  with  
B.megaterium
   @ 0.5 %  at 45 and 60 DAS 
	13.8
(21.7)c
	63.2
	23.5d
	87.6c
	10.5c
	42.0c

	T5
	FS  with  B. amylolquefaciens 0.5 %  at 45 and 60 DAS 
	12.3
(20.2)b
	67.2
	28.7a
	91.3a
	14.8a
	57.7a

	T6
	FS Tebuconazole 50% + Trifloxystrobin 25% WG @ 0.6g/l
	8.2
(16.6)a
	78.1
	24.9c
	80.3e
	12.5b
	48.6b

	T7
	Inoculated control
	37.5
(37.8)e
	-
	18.5f
	65.7f
	7.8e
	30.4e


FS foliar spray 
* Values represent the mean of three replications. Figures presented in parentheses denote arcsine-transformed data. Means within a column sharing the same superscript are not significantly different according to DMRT.
3.4 Efficacy of entophytes against target leaf spot of cotton under field conditions
	Three endophytes  viz., Bacillus safensis, B. megaterium and   B. amylolquefaciens  was tested in the field against target leaf spot under field conditions.  Among these, two rounds of spraying of  B. amylolquefaciens @ 0.5 %  first  at 45 DAS  and  second at 60 DAS was  found to be significantly superior in reducing the target leaf spot incidence. This treatment recorded the disease incidence of 9.7 PDI compared to 24.8 PDI in the untreated control, accounting 60.8 per  cent disease reduction . The highest seed cotton yield of 1734 kg / ha was recorded in   B. amyloliquefaciens  spray as against  1375 kg/ ha in the untreated control (Table 4). Endophytes play a potential role in protecting plants from numerous plant diseases by acting as an effective biological barrier (Medison et al., 2022).  Additionally many endophytes produce antimicrobial compounds that inhibit the growth of pathogens (Vanlallawmzuali et al .,2024). Bacillus amyloliquefaciens has been widely recognized as an effective biological control agent due to its ability to suppress plant pathogens and enhance crop growth and yield (Tariq et al. 2025). Aly et al. (2021) demonstrated that the field application of B. amyloliquefaciens   significantly reduced the root rot incidence and increased the yield in cotton. Elanchezhiyan et al. (2018) evaluated the efficacy of endophytic B.amyloliquefaicens (FZB24) against Fusarial wilt of tomato and they found that the seed treatment @ 4 g/kg combined with seedling dip @ 4 g/l, soil application @ 500 g/ha and a foliar spray @ 500 g/ha was effective in reducing disease incidence. It was also found to be promising in promoting growth and increasing yield in tomato .Application of B. subtilis B4 and B. amyloliquefaciens B7 suppressed the black scurf and common scab diseases in potato  under field conditions (Brar et al., 2025).
Table 4. Efficacy of entophytes against target leaf spot of cotton under field conditions 
	Treatment No 
	Treatments 

	Target leaf spot incidence *
	% Reduction over control 
	Seed cotton yield 
(K g/ ha)*

	TI
	Foliar spraying of Bacillus safensis  0.5 %  at 45 and 60 DAS
	12.4 (20.8)c

	50.0
	1600d

	T2
	Foliar spraying of B. megaterium
  @ 0.5 %  at 45 and 60 DAS 
	11.2(19.7)c
	54.8
	1690b

	T3
	Foliar spraying of B. amylolquefaciens  @ 0.5 %  at 45 and 60 DAS
	9.7(18.0)b
	60.8
	1734a

	T4
	Foliar spraying of Tebuconazole 50%and triflooxystrobin 25% @ 0.6 g per of litre water at 45 and 60 DAS
	6.5 ( 14.8)a
	77.9
	1565c

	T5
	Untreated control
	24.8 (29.8)d
	-
	1375e



[bookmark: _GoBack]* Values represent the mean of four replications. Data presented in parentheses correspond to arcsine-transformed values. Means within a column bearing the same superscript do not differ significantly, as determined by DMRT.

4 .CONCLUSION 
	In the present study endophytic B.amyloliquefaciens showed notable antifungal action against   C. cassicola   under in vitro conditions and it was  demonstrated to be effective against target leaf spot under both glass house and field conditions. From this study it was concluded that B.amyloliquefaciens can be effectively exploited for eco-friendly management of target leaf spot in cotton which reduced the dependency of toxic chemical fungicides and minimising the environmental pollution.
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