



SCREENING OF TURMERIC CULTIVARS AGAINST THE ALTERNARIA LEAF BLIGHT IN TURMERIC
Abstract
Turmeric (Curcuma longa L.) is an important commercial spice crop grown in India. The area is increasing year by year due to its culinary, medicinal and traditional usage. Although turmeric is considered to be a medicinal plant, it is susceptible to various diseases. Among the various diseases, leaf blight caused by Alternaria alternata (Fr.) Keissler, is one of the most serious foliar disease in all the turmeric growing regions of the world. The disease is recently gaining importance due to its severity causing considerable damage to the plant in almost all turmeric growing areas of Northern Karnataka. In Karnataka majority of the commercially grown varieties are susceptible to A. alternata. The field experiment was conducted to identify the sources of resistance to leaf blight of turmeric
. A total of 20 turmeric cultivars were screened for the resistance against Alternaria blight during 2018-19 and 2019-20 under natural epiphytotic conditions. 
The overall disease reaction indicated that out of these 20 cultivars screened, majority (13) were categorized as susceptible, while only seven viz., Kedaram, Co-2, Kranthi, BSK-2, Prathiba, Cudapa and CLI 325 expressed a moderately resistant reaction. Also they recorded higher yields (23 to 24q/ha) when compared to susceptible cultivars (17 to 18q/ha). 
These results establish clear variability 
in host response to Alternaria infection, with no cultivar showing complete resistance.
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Introduction
Turmeric is cultivated throughout India covering an area of 3.24 lakh hectares with an annual production of 11.61 lakh tonnes and productivity of 5.1 metric tonnes per hectare (Anon., 2022). The medicinal property of turmeric is extensively used as a stimulant, blood purifier, and carminative tonic remedy against skin diseases, itches and pain. It is also used as an anti-helminthes
. Turmeric is used in drug industry 
due to its anti cancerous properties and is also considered to cure Acquired Immune Deficiency Syndrome
. Although turmeric is considered to be a medicinal plant, it is susceptible to various diseases such as leaf blight, anthracnose and rhizome rot (Kavitha et al., 2011). Among these the leaf blight caused by Alternaria alternata (Fr.) Keissler is important foliar disease commonly found in Karnataka damaging the crop to a greater extent by reducing size and weight of the rhizome.
 The disease in India was first reported by Chowdhury (1969). alternaria
 is a of fungi belonging to ascomycete, there are 299 species in the genus Alternaria (Nowicki et al., 2012). The disease is recently gaining importance due to its severity (Gaddanakeri and Kulkarni, 1998) causing considerable damage to the plant in almost all turmeric growing areas of Northern Karnataka. In Karnataka majority of the commercially grown varieties are susceptible to A. alternata.
 There are no disease resistant varieties available in India (Singhal, 2003). Mallikarjun (1996) studied to find out the best resistant and susceptible genotype.
 Growing of resistant varieties offer most economical and practically feasible method of disease management
. Cholke (1993) and Gorwar et al. (2006) screened turmeric cultivars for foliar blight caused by A. alternata. Hence, identification of resistant cultivars is felt most essential. Singh (2013) assessed the variability of thirteen genotypes of turmeric and variety IISR Prabha showed moderate resistance to leaf blotch. Singh et al. (2014) selected 10 turmeric genotypes and studies emphasized genotype based selection of turmeric for high yield and quality. The varietal resistance of Curcuma longa to leaf spot was reported by many workers (Anonymous, 1986).
Material and Methods

The field experiment was conducted to identify the sources of resistance to leaf blight of turmeric
. A total of 20 turmeric cultivars viz., Bidar local, Kedaram, C0-2, Varuna, Co-2, Kranthi, Bsk-2, Erode, P.swarup, Alleppy, Salem, Prabha, Tekumpet, Prathiba, Sudarshan, Rajapuri, Cudupa, CLI-325, Swarna, Sona which were maintained at Horticulture Garden
, Department of Horticulture, University of Agricultural Sciences, Raichur were screened for the resistance during 2018-19 and 2019-20 under natural epiphytotic conditions. These 20 cultivars were sown during second week of June with a spacing of 45 x 25 cm. 
Three replications were maintained for each cultivar. In each replication, ten plants were randomly selected and were observed for leaf blight intensity incited by A. alternata which was recorded by using 0-5 scale. 
TABLE 1. Grading of leaf area infection (%) and corresponding resistance reactions
	Grade
	Per cent infection
	Disease Reaction

	0
	No disease
	Immune 

	1
	1-5 % leaf area covered
	Highly resistant 

	2
	6-10 % leaf area covered
	Resistant

	3
	11-25 % leaf area covered
	Moderately resistant

	4
	26-50 % leaf area covered
	Susceptible

	5
	> 50 % leaf area covered
	Highly susceptible


The per cent disease index was calculated using the formula as furnished and expressed as PDI (Wheeler, 1969).
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The observations on PDI at 60, 90, 120 and at the final stage 150 days after sowing were   recorded. The disease reaction and yield data of these cultivars were recorded.
Results and Discussion 


The response of different turmeric cultivars against leaf blight revealed significant differences among cultivars.
 During, 2018-19, 
at 60 DAS, the lowest mean PDI was observed in Prabha (6.00%), Pratibha (6.00%), Varuna (6.00%), Co-2 (6.00%) and Sudharshan (8.00%) while the highest initial severity was recorded in Bidar Local (16.50%). As the crop advanced, PDI gradually increased across all cultivars. At 120 DAS, susceptible varieties such as Erode (27.20%), Sudarshan (27.00%) and Rajapuri (26.50%) showed high levels of infection compared to moderately resistant cultivars like Tekumpet (16.20%), Sona (18.50%), Swarna (19.30%), and Kranthi (19.70%). By 150 DAS, the disease had reached peak levels. The susceptible cultivars included Alleppy (38.00%), Erode (34.00%), Salem (31.00%), Sudarshan (30.80%) and while comparatively lower PDI values were observed in moderately resistant cultivars such as Sona (20.40%), Kranthi (21.00%), Tekumpet (22.40%), CLI 325 (22.50%), Kedaram and (23.50%). 

The higher yield (q/ha) recorded with moderately resistant cultivars viz., CLI 325 (24.3q/ha), BSK-2 (23.70q/ha), Sona (23.60q/ha), Kedaram (23.40q/ha) and Prathiba (23.40q/ha).
 Lower yields obtained in Co-2 (17.80q/ha) and Erode(18.40q/ha) and Salem (18.40q/ha).

During 2019-20, at 60 DAS, the lowest mean PDI was observed in Prabha (6.15%), Co-2 (6.60%), and Varuna (6.65%), while the highest initial severity was recorded in Bidar Local and Sona (11.50%). 
As the crop advanced, PDI gradually increased across all cultivars. At 120 DAS, susceptible varieties such as Sudarshan (24.70%) and Rajapuri (23.45%) showed high levels of infection compared to moderately resistant cultivars like Kranthi (18.55%) and Cudapa (19.75%). By 150 DAS, the disease had reached peak levels. The susceptible cultivars included Sudarshan (29.60%), Alleppy (29.20%), and Erode (27.10%), while comparatively lower PDI values were observed in moderately resistant cultivars such as Kranthi (21.70%), BSK-2 (22.40%) and Kedaram (22.45%). The overall disease reaction indicated that out of the 20 cultivars tested, a majority (13) were categorized as susceptible, while only seven (Kedaram, Co-2, Kranthi, BSK-2, Prathiba, Cudapa and CLI 325) expressed a moderately resistant reaction. These results establish clear variability in host response to Alternaria infection, with no cultivar showing complete resistance, thereby highlighting the need for integrated disease management strategies. The higher yield (q/ha) recorded with moderately resistant cultivars viz., Kranthi (23.55q/ha), Prathiba (23.40q/ha), Cudapa (23.20) and BSK-2 (23.40q/ha).
 Lower yields obtained in Swarna (18.30), Sudharshan (18.40q/ha) and Varuna (18.50q/ha). 
Gorawar (2004) reported Amalapuram, Bidar 1, Bidar 4, CLI-315, CLI-327, Cuddapah, Krishna, Pratibha, PTS-24 were moderately resistant to leaf blight under both glass house and field conditions. Cholke (1993) observed that, none of the genotypes were found to be resistance to A. alternata. 
Among 10 genotypes of turmeric tested, cultivars like Rajapuri, BSR-1, Bidar-4, Amalapuram and PCT-8 showed moderately resistant reaction. Further, Gorwar et al. (2006) conducted screening of turmeric genotypes for foliar blight at Arabhavi (field) and Dharwad (field and glasshouse) revealed that, the genotypes viz., Amalapuram, Bidar 1, Bidar 4, CLI-315, CLI-327, Cuddapah and Salem were found moderately resistant to leaf blight disease. Kumar and Srivastava (2013) screened tomato genotypes against early blight (Alternaria solani) under field conditions. 
The results revealed that the highest early blight disease incidence was found in PS-1 (73.56 %), Kashi Amrit (71.12 %), Fla-7171(69.69 %), H-T-4 (61.26 %), DT-10 (53.65 %) and the lowest in H-88 74-1 (12.04 %), EC-520061 (12.29 %) and EC-521071 (25.00 %). Other 15 genotypes showed moderately resistant and 20 genotypes showed susceptible 
but two genotypes, Floraded (27.00 %) and Swarna Naveen (28.61 %) were found highly resistant. Balai et al. (2013) evaluated the 14 varieties / genotypes 
against leaf spot disease caused by Alternaria alternata. Results revealed that none of varieties were found resistant. Three varieties viz., Pant Rituraj, Pusa Ankar and Pant Samrat were grouped as moderately resistant (MR), nine varieties viz., Phule Hybrid, Maha Beej, VNR BR-35, VNR BR-33, DB HSR-66, Ajeet-111, EPH-612, MEBH-39 and Aruna were found moderately susceptible (MS) and two varieties viz., Vijay and Pusa Purple Long were categorized as susceptible (S). Singh (2013) conducted an experiment during 2005–06 to 2008–09 at Raigarh (Chhattisgarh) to assess the variability of thirteen genotypes of turmeric for yield and disease resistance. The results indicated that entries TCP-11 and TCP-82 produced maximum yield i.e., 20.3 and 18.8 t ha-1, respectively. Entry TCP-11 and TCP-82 showed resistance to leaf blotch. The check variety IISR Prabha showed moderate resistance to leaf blotch and yielded 14.4 t ha-1. Mishra (2019) evaluated 37 genotypes for Colletotrichum leaf spot disease. Out of these genotypes only nine genotypes viz, NDH-8, NDH-11, NDH-68, NDH-74, NDH-79, Pratibha, CSTH-9, MEDUKAR, and CL-34 were found moderately resistant for leaf spot. The percent disease intensity of leaf spot was 17.93-21.40 per cent. Adhipathi et al., (2022) conducted an experiment in Cooch Behar and Nadia districts of West Bengal. This study revealed that highest percentage of disease severity (PDI) was shown by locally cultivated varieties such as Malsari (53.12%), Goma (57.49%), Pragati (55.35%) and Sonajuli (57.49%). On the other hand resistance against leaf spot disease was shown by some varieties i.e. Uttar Rangini, Suranjana, Uttar Rupanjana, Lakadong, Megha etc. These varieties showed lower PDI and lower AUDPC value compared to local varieties. The symptoms of leaf spot disease in turmeric, caused by Colletotrichum are characterized by variable-sized elliptical or oblong spots on the leaf blades forming greyish or brownish center with a yellow halo surrounded by the spots. Singh et al. (2014) selected 10 turmeric genotypes analyzed to find out a promising turmeric genotype. Among the selected genotypes, P36, P40, and P44 were found to be better in terms of agronomical, yield attributing traits and disease resistance reaction. The identified promising genotypes could be useful as parental materials in cultivar and variety development for the various natural health product industries. Study emphasizes genotype based selection of turmeric for high yield and quality. Genetic variability for yield attributes in turmeric and for diseases also reported (Rao et al., 1994; Tarafadar and Chatterjee, 2003). Shilpashree and Sharada (2017) have been screened eight genotypes of turmeric (Curcuma longa L.) mainly cultivated in South-Karnataka region for disease severity of the pathogen. Among the tested Varieties Hassan-8, was resistant (9.3%) to the pathogen whereas, Maddur-2 was highly susceptible showing 73.4 per cent severity while Hangla-1, Kollegal-5 and B. Halli-7 were susceptible to the disease and P. Pura-3, B. Pura-4 and M. Pura-6 were moderately resistant. Chadha (1994) reported 4 to 7 rhizomes in variety Suguna and found the varieties, Suvarna and Sudarshan with rhizome length 6 cm to 8.8 cm respectively. Ramakrishna et al. (1995) reported 191.50 q/ha fresh rhizome yield in variety Suguna. Hegde et al. (1997) obtained the fresh rhizome yield of 215.50 and 196.30 q per ha from Sudarshan and Suguma respectively. The climate change is the major problem for resistance breakdown in many of crops.
 Cultivar evaluation revealed significant variability. The overall disease reaction indicated that out of the 20 cultivars tested, Sudarshan, Alleppy, and Erode were highly susceptible a majority were categorized as susceptible, while only seven cultivars Kedaram, Co-2, Kranthi, BSK-2, Prathiba, Cudapa and CLI 325 were expressed a moderately resistant reaction. 
Results establish clear variability in host response to Alternaria infection, with no cultivar exhibited complete resistance, thereby highlighting the need for integrated disease management strategies.
 Searches are and to screen the available turmeric germplasm resistant or moderately resistant against leaf blotch disease in turmeric growing area of country.
 The resistant source of germplasm of any crop is invaluable for the plant pathologist as well as plant breeders.
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	Plate 1. Screening of turmeric cultivars against Alternaria blight 
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	Plate 2. General view of moderately resistant cultivars


Table 2. Response of different turmeric cultivars against leaf blight caused by Alternaria alternata during 2018-19

	Sl. No
	Turmeric cultivars

(Hybrids/Varieties)
	PDI at different stages
	Disease reaction
	Yield (q/ha)

	
	
	60 DAS
	90 DAS
	120 DAS
	150 DAS
	
	

	1
	Bidar local
	16.50
	21.00
	23.50
	28.80
	S
	18.7

	2
	Kedaram
	9.50
	20.40
	22.00
	23.50
	MR
	23.4

	3
	Co -2
	8.20
	20.20
	23.50
	30.00
	S
	17.8

	4
	Varuna
	6.00
	16.20
	21.50
	28.40
	S
	19.5

	5
	Co- 1
	8.00
	19.00
	24.00
	30.20
	S
	19.7

	6
	Kranthi
	8.80
	18.50
	19.70
	21.00
	MR
	22.7

	7
	BSK -2
	9.30
	18.00
	21.20
	25.00
	MR
	23.7

	8
	Erode
	8.00
	20.30
	27.20
	34.00
	S
	18.4

	9
	P. Swarup
	8.40
	18.50
	22.50
	29.80
	S
	19.1

	10
	Alleppy
	8.30
	20.30
	26.20
	38.00
	S
	19.4

	11
	Salem
	9.60
	17.70
	24.30
	31.00
	S
	18.4

	12
	Prabha
	6.00
	15.50
	23.30
	27.80
	S
	18.7

	13
	Tekumpet
	9.00
	13.40
	16.20
	22.40
	MR
	22.8

	14
	Prathiba
	6.00
	16.50
	21.00
	24.50
	MR
	23.4

	15
	Sudarshan
	8.00
	22.20
	27.00
	30.80
	S
	18.7

	16
	Rajapuri
	6.00
	20.00
	26.50
	29.80
	S
	19.0

	17
	Cudapa
	8.00
	12.40
	23.30
	27.60
	S
	21.2

	18
	CLI 325
	8.30
	15.00
	21.70
	22.50
	MR
	24.3

	19
	Swarna
	9.00
	17.00
	19.30
	27.80
	S
	18.7

	20
	Sona
	9.20
	14.40
	18.50
	20.40
	MR
	23.6


Table 3. Response of different turmeric cultivars against leaf blight caused by Alternaria alternata during 2019-20

	Sl. No
	Turmeric cultivars

(Hybrids/Varieties)
	PDI at different stages
	Disease reaction
	Yield (q/ha)

	
	
	60 DAS
	90 DAS
	120 DAS
	150 DAS
	
	

	1
	Bidar local
	11.50
	19.10
	21.95
	26.65
	S
	18.95

	2
	Kedaram
	8.25
	17.10
	20.35
	22.45
	MR
	22.85

	3
	Co -2
	6.60
	14.90
	18.95
	24.40
	MR
	20.15

	4
	Varuna
	6.65
	13.70
	17.65
	25.05
	S
	18.50

	5
	Co- 1
	8.10
	14.70
	20.10
	26.50
	S
	19.30

	6
	Kranthi
	8.75
	16.00
	18.55
	21.70
	MR
	23.55

	7
	BSK -2
	8.80
	14.40
	19.00
	22.40
	MR
	23.22

	8
	Erode
	7.90
	16.75
	21.50
	27.10
	S
	20.55

	9
	P. Swarup
	8.20
	17.45
	21.00
	25.80
	S
	21.15

	10
	Alleppy
	8.25
	16.90
	21.70
	29.20
	S
	20.45

	11
	Salem
	9.30
	17.45
	22.05
	27.60
	S
	20.47

	12
	Prabha
	6.15
	17.80
	22.85
	26.65
	S
	19.45

	13
	Tekumpet
	8.90
	17.90
	20.50
	25.40
	S
	18.75

	14
	Prathiba
	7.20
	15.00
	20.20
	22.85
	MR
	23.40

	15
	Sudarshan
	7.90
	19.70
	24.70
	29.60
	S
	18.40

	16
	Rajapuri
	6.40
	19.65
	23.45
	27.30
	S
	19.70

	17
	Cudapa
	7.50
	11.70
	19.75
	23.70
	MR
	23.20

	18
	CLI 325
	8.80
	17.50
	22.05
	23.45
	MR
	21.15

	19
	Swarna
	9.00
	17.50
	20.40
	27.50
	S
	18.30

	20
	Sona
	11.50
	19.10
	21.95
	26.65
	S
	18.7


Table 4. Classification of turmeric cultivars based on host reaction to Alternaria leaf blight 

	Disease incidence (%)
	Grade
	Disease Reaction
	Cultivars

	0 - No disease
	0
	Immune
	-

	1-5 % leaf area covered
	1
	Highly resistant
	-

	6-10 % leaf area covered
	2
	Resistant
	-

	11-25 % leaf area covered
	3
	Moderately resistant
	Kedaram, CO-2, Kranthi, BSK-2, Prathiba, Cudapha, CLI-32

	26-50 % leaf area covered
	4
	Susceptible
	Bidar Local, Varuna, CO-1 , Erode, P.Swarup, Alleppy, Salem, Prabha, Tekumpet, Sudarshan, Rajapuri, Swarna, Sona

	> 50 % leaf area covered
	5
	Highly susceptible
	-
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Fig. 1. Performance of turmeric varieties against Alternaria blight 
�The phrase “sources of resistance” implies genetic or donor sources; however, the study only screens cultivars. Consider revising to “identify resistant cultivars” for technical accuracy.


�Remove “the” before “resistance” and mentioning location to strengthen methodological clarity.


�Sentence should not begin with “Also” in formal scientific writing. 


Unit formatting error: “q/ha” should have a space (q ha⁻¹ or q/ha consistently).


Clarify whether yield differences were statistically significant.


�use indicate variability instead of "establish clear variability”


�The correct term is “anthelmintic”


�Missing article (“the drug industry”).


�This statement must be removed or replaced with evidence-based wording and proper citation.


�Grammatical errors due to missing article (“an important foliar disease”) and sentence overcrowding. Consider splitting for clarity.


�Alternaria instead of alternaria


�Missing comma after “Karnataka”. Additionally, this strong claim requires clarification whether it is literature-based or derived from the present study.


�Specify what was studied and how many genotypes, or rephrase appropriately.


�subject–verb agreement error and is missing the definite article “the” before most economical.


�The term “sources of resistance” implies genetic donors, whereas the study only involves screening of cultivars. Revise to “to identify resistant cultivars”.


�The sentence is excessively long and not properly structured, resulting in reduced clarity, and contains technical inconsistencies in cultivar nomenclature (e.g., C0-2 vs Co-2; Bsk-2 vs BSK-2; Cudupa vs Cudapa); additionally, the relative clause “which were maintained” is incorrectly placed and requires restructuring.


�Missing definite article: “during the second week of June”


�Provide a group-wise table of categorized genotypes (e.g., resistant, moderately resistant, susceptible) to facilitate clear and easy interpretation of the results.


�Provide a supplementary table presenting the PDI values of all genotypes on the basis of which their disease reaction categories were assigned, to enhance transparency and clarity of interpretation.


�Redundant phrasing (cultivars… cultivars). Revise for conciseness.





�Unnecessary comma after “During”. Correct to “During 2018–19”.


�Grammatical and data presentation error. Cultivar name and value are incorrectly separated; missing cultivar–value pairing.


�Grammatical error due to misplaced conjunction (“and while”). Sentence structure is broken and must be corrected.


�Sentence is incomplete (missing verb).


�Missing main verb (“were obtained”). Also contains faulty parallelism.


�It is unclear whether both cultivars recorded identical PDI values.


�Sentence is grammatically incomplete and inconsistent with earlier yield presentation. Requires restructuring.


�Missing unit for Swarna (18.30) and missing verb.


�grammatical error: “resistance” should be “resistant”.


�Tomato–Alternaria solani studies are weakly relevant and need clear justification or should be minimized.


�Grammatical error due to missing nouns (moderately resistant reaction, susceptible reaction).


�Formatting inconsistency (varieties / genotypes). Use a single standardized term.climate


�Grammatical error (“the climate change”, “many of crops”). Requires complete revision.


�Severe grammatical breakdown: missing punctuation, missing conjunctions, and sentence fusion. Meaning is unclear and must be rewritten.


�Verb tense inconsistency with earlier usage. Consider “Results established” or “Results indicate”.


�Sentence is grammatically incoherent and unreadable. Requires complete rewriting.


�Grammatical issue: “the resistant source”  “resistant sources”; missing article before plant breeders.


�Use same font type in complete manuscript.


�Remove unnecessary commas and asterisks, and ensure that all scientific names and journal names are consistently italicized throughout the manuscript in accordance with journal formatting guidelines.
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