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Screening of Sugarcane genotypes for their resistance to red rot caused by Colletotrichum falcatum


Abstract
	Sugarcane is the second important commercial crop, serves as multipurpose feed stock for production of sugar, alcohol and bioenergy. Red rot of sugarcane, caused by Colletotrichum falcatum Went, is a serious fungal disease affecting sugarcane stalks, the economical part of sugarcane is a soil and sett borne disease. For sustainable crop cultivation, breeding for disease resistance is an ecofriendly  and dominant approach for integrated red rot disease management.  Many popular varieties were lost due to red rot. Varieties under preliminary yield trials should be screened for red rot before release into commercial cultivation. For red rot screening,  artificial inoculation  to standing canes of selected genotypes was done by standard  plug and  nodal cotton swab method. A total of 10 genotypes and three differential host varieties Co C 671, Co 997 and Co 419 as check varieties were evaluated with three distinct pathotypes Colletotrichum falcatum 671, cf 997 and cf 419 by plug and cotton swab method. Out of 10 genotypes, the genotypes  2018 V7, 2018V78 and 2018 V79 were found moderately resistant to all the  three pathotypes.  Whereas in nodal method of inoculation out of 10 genotypes, 8 were  found resistant when evaluated with all the three distinct pathotypes.   Those varieties which were found to be resistant to both the methods  with desirable characters and above average yield were recommended. 	Comment by Maher: path types
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Introduction 
	Saccharum spp. (Sugarcane) is an important cash crop cultivated in tropical and sub- tropical regions of the world. India is the second world largest sugarcane producer and  the first consumer worldwide as per International Sugar Organization (ISO) report 2023, producing 435 million tonnes of sugarcane from an area of 5.37 million ha. (First advance estimates, 2024-25, Ministry of Agriculture and Farmers’ Welfare, India). Sugarcane production is affected by many biotic and abiotic stresses particularly diseases. It is cultivatating mainly because of its ability to store high concentrations of sucrose or sugar, in the stem and now a days for the production of ethanol, which is an important renewable bio-fuel source. It is reported that sugarcane is affected by approximately 240 types of diseases from plantation to harvesting (Satyavir, 2003). Among 240, 55 types of diseases are caused by fungi, bacteria, viruses, phytoplasmas and nematodes in India. Sugarcane diseases are broadly classified into two groups, namely, sett-borne (red rot, smut, wilt, grassy shoot, ratoon stunting, leaf scald and mosaic) and non-sett- born (leaf spots, rusts and root rots) (Lamenew Fenta et al., 2023 , Viswanathan et al., 2011). For sustainable crop cultivation, breeding for disease resistance is the ecofriendly  and dominant approach for integrated red rot disease management. Red rot of Sugarcane is caused by Colletotrichum falcatum is a soil and sett borne disease. Management of red rot disease in sugarcane has been a challenging area of work for the pathologist and sugarcane breeders. It is observed that once the disease has appeared in the field it is impossible to control. The factors of the epiphytotic of disease are required to be studied in depth. Most of the recommended management practices hence are aimed at prophylactic measures to reduce pathogen build up in the field (Viswanathan et al 2011). Many popular varieties were lost from cultivation due to red rot. There was drastic reduction in yield and quality of sugarcane due to red rot. Plant protection using chemicals has ecological drawbacks in terms of pesticide residues in crop and soil and non-target action. In this context, there is a requirement for research on eco-friendly methods that could offer multiple barriers to the red rot pathogen, thereby ensuring sustainability of its management. Many diverse strategies are taken up for red rot disease management, including chemical, physical methods and use of resistant varieties. All of these methods have certain merits and demerits (Tariq et al., 2018). The only effective, cheap and convenient way to control this destructive disease is by growing resistant genotypes (Singh et al., 1983). Hence there is a dire need to screen the varieties for red rot resistance before release of a variety. Varieties under preliminary yield trials should be screened for red rot before release into commercial cultivation. 	Comment by Maher: tons	Comment by Maher: cultivating
Methodology
	For red rot screening, artificial inoculation to standing canes of selected genotypes was done by standard plug and nodal cotton swab method. At present the standard plug method and nodal cotton-swab method are being followed to evaluate the inherent and field resistance of a variety respectively. Varieties promoted to yield trials along with commercial varieties and susceptible  check varieties  were included.
	Approximately 10 genotypes promoted to premilinary yield trial and three differential host varieties Co C 671, Co 997 and Co 419 as check varieties were evaluated with three distinct pathotyes of Colletotrichum falcatum 671, cf 997 and cf 419 by plug and nodal cotton swab method. Single observation plot with 40,000 three budded setts per hectare with plot size of 5 metre length of 6 rows. 80 cm spacing was maintained between rows. Irrigations were given once in 6 to 10 days from the time of planting till on set of monsoon and as and  when  necessary during post monsoon period upto harvest.  Fertilisers, 168kg N/ha in two equal doses at 45th and 90th day after planting 75kg P2O5 and  100kg K2O were applied as basal dose.	Comment by Maher: preliminary	Comment by Maher: path types	Comment by Maher: meter	Comment by Maher: up to	Comment by Maher: Fertilizers
a) Cotton Swab method :
        In Nodal Cotton  swab method, the inoculation was  done in the month of September before onset of rains. A piece of cotton was dipped in red rot conidial suspension and kept at nodal region in top nodes and covered with  tape (Rana and Gupta, 1968). By these methods,  colletotrichum culture was artificially inoculated to the standing canes of selected varieties. After 60 days of incubation period, observed the inoculated canes by destructive sampling method through longitudinally splitting open the canes. Observations on external and internal symptoms were recorded at 60 days after inoculation. Spindle infection, presence of midrib lesions with or without conidia, presence of acervuli at nodes especially on leaf scar, root primordia and growth ring were noted. The nodes were scraped and observed for internal spread of the disease. 	Comment by Maher: Colletotrichum
b) Plug method : Plug method, inoculation  was  done on 3rd exposed internode by making a hole with the help of  corkborer  from the base of the plant.  One ml. of spore suspension was  poured and the hole was covered with plaster tape (Chona, 1954).  Observations were recorded about 2 months after inoculation. The inoculated canes in each variety were harvested, spilt opened longitudinally and data were recorded in respect of the following characters 
· No. of canes showing top drying
· Lesion width
· Occurrence and nature of white spots
· No. of internodes transgressed
 By observing  the severity of red rot symptoms expressed in split open canes  scoring was done on 0-9 scale (Table 1 &2) based on condition of top leaves, progression of red rot lesions along the length of the cane, width of the lesion, presence of white spots. Based on disease severity scale, the varieties were categorized as resistant, moderately resistant, moderately susceptible, susceptible and highly susceptible disease reaction. 
 Table 1. Details of disease scoring on 0 – 9 scale (Srinivasan and Bhat., 1961)
	Character  
	
	Score  

	Lesion width:
	
	

	a) No infection
b) Lesion confined to inoculated internode
c) Lesion sharply restricted width
d) Lesion spread laterally
	
	0
1
2
3

	White spots:
	
	

	a) White spots absent
b) White spots restricted
c) White spots prominent spreading entire width
	
	0
1
2

	Nodal Transgression:
(Nodes above the inoculated internode)

	No infection
One node crossed
	
	0
1

	Two nodes crossed
	
	2

	Three or more nodes crossed
	
	3

	Condition of top:
	
	

	a)   Green
	
	0

	b)   Yellow/dry
	
	1

	
Table 2. Categorization based on 0 – 9 scale 


	Grade
	
	Reaction of the variety

	0.0  -  2.0
	:
	Resistant

	2.1  -  4.0
	:
	Moderately resistant

	4.1  -  6.0 
	:
	Moderately susceptible

	6.1  -  8.0
	:
	Susceptible

	8.1  -  and above
	:
	Highly susceptible




Results and Discussion
 	Sugarcane varieties/genotypes which are promoted to yield trials in breeding discipline had screened for red rot resistance as the disease is a major constraint in sugarcane production in coastal districts of Andhra Pradesh. 
Screening of sugarcane genotypes was done during three consecutive years i.e., 2022-23,  2023-24 and 2024-25 at sugarcane research station, Vuyyuru, Krishna district, Andhra Pradesh.  The varieties with red rot reaction was given in Table 3.  A total of 10 varieties along with  three  differential host varieties Co C 671, Co 997 and Co 419 were evaluated with  three distinct pathotyes cf 671, cf 997  and cf 419 by nodal cotton swab and plug method. Out of 10 genotypes, the genotypes  2018 V7, 2018V78 and 2018 V79 were found moderately resistant to all the  three pathotypes.  Whereas in nodal method of inoculation out of 10 genotypes 8 were  found resistant when evaluated with all the three distinct pathotypes.   Those varieties which were found to be resistant to both the methods and also agronomically promising in yield and quality can safely be recommended to red rot endemic areas.	Comment by Maher: path types
   Table 3  Screening of sugarcane genotypes against red rot
	 2022-23 

	 
S.NO
	 
VARIETY
	
Plug method

	Nodal cotton swab method

	
	
	CF O4
	CF 05
	CF 06
	CF 04 
	CF 05
	CF 06

	1
	2018 V 78
	2.2(MR)
	3.4(MR)
	3.9(MR)
	R
	R
	R

	2
	2018 V 57
	6.7(S)
	6.7(S)
	6.1(S)
	R
	R
	R

	3
	2018 V 42
	5.8(MS)
	5.7(MS)
	5.9(MS)
	R
	R
	R

	4
	2018V 84
	8.2(HS)
	8.5(HS)
	8.4 (HS)
	S
	S
	S

	5
	2018V 79
	4.0(MR)
	3.9(MR)
	3.4(MR)
	R
	R
	R

	6
	2018V 47
	8.3(HS)
	8.5(HS)
	8.4(HS)
	S
	S
	S

	7
	2018V 60
	5.5(MS)
	4.8(MS)
	4.5(MS)
	R
	R
	R

	8
	2018V 7
	3.7(MR)
	3.9(MR)
	2.2(MR)
	R
	R
	R

	9
	 2018V38
	6.2(S)
	6.7(S)
	7.4(S)
	R
	R
	R

	10
	2018V53
	7.5(S)
	7.6(S)
	8.1(HS)
	R
	R
	R

	2023-24

	1
	2018V78
	2.2(MR)
	3.9(MR)
	3.7(MR)
	R
	R
	R

	2
	2018V57
	6.7(S)
	6.7 S
	6.1 S
	R
	R
	R

	3
	2018V42
	5.8(MS)
	5.7(MS)
	5.9(MS)
	R
	R
	R

	4
	2018V84
	8.4(HS)
	8.6(HS)
	8.5 (HS)
	S
	S
	S

	5
	2018V79
	3.8(MR)
	3.9(MR)
	3.6(MR)
	R
	R
	R

	6
	2018V47
	8.3(HS)
	8.5HS
	8.4(HS)
	S
	S
	S

	7
	2018V60
	5.5(MS)
	4.8(MS)
	4.5(MS)
	R
	R
	R

	8
	2018V7
	1.1 R
	0.8 R
	1.2 R
	R
	R
	R

	9
	2018V38
	6.2 S
	6.7 S
	7.4 S
	R
	R
	R

	10
	2018V53
	7.8 S
	7.8 S
	8.3(HS)
	R
	R
	R

	2024-25

	1
	2018V78
	3.3(MR)
	3.7 (MR)
	3.9(MR)
	R
	R
	R

	2
	2018V57
	6.5(S)
	6.5 S
	6.3 S
	R
	R
	R

	3
	2018V42
	5.2(MS)
	4.8(MS)
	4.3(MS)
	R
	R
	R

	4
	2018V84
	8.4(HS)
	8.6(HS)
	8.5 (HS)
	S
	S
	S

	5
	2018V79
	2.5(MR)
	3.9(MR)
	5.3(MS)
	R
	R
	R

	6
	2018V47
	8.1(HS)
	8.2HS
	8.1(HS)
	S
	S
	S

	7
	2018V60
	5.5(MS)
	4.8(MS)
	4.5(MS)
	R
	R
	R

	8
	2018V7
	1.9 R
	3.9(MR)
	3.2(MR)
	R
	R
	R

	9
	2018V38
	6.2 S
	6.3 S
	6.7 S
	R
	R
	R

	10
	2018V53
	7.6 S
	7.5 S
	8.1(HS)
	R
	R
	R



      The red rot is the chief constraint for sugarcane production and it was responsible for the elimination of several elite clones from the field due to the continuous evolution of the newer races (Malathi et al., 2010). The varieties Co 8013, 81 V 48, 83 V 15, 83 V 288, 86 V 96, 91 V 83, 89 V 74, 2000 V 59, 2002 V 48, 2003 V 46, 2007 V 127, 2009 V 127, 2008 V 257 were found resistant to red rot during previous screening studies and were recommended for commercial cultivation in different states of India. Red rot disease occurred periodically in epiphytotic form during 1958, 1969 –70, 1975 –76 and 2011-12 and five distinct pathotypes of red rot fungus have been identified in Andhra Pradesh. Relatively more stable variants alone could be involved in epidemics (Srinivasan, K V 1962). Resistant varieties of sugarcane are important means of control against several diseases like red rot (Srinivasan. K. V, & Chenulu, V. (1956); Viswanathan, R. (2010). Red rot disease management is conventionally based on cultural practices, use of resistant varieties, disease free planting materials, physical, biologic and chemical control, among others. Five different botanical extracts were evaluated in two concentration 25% and 50% for their efficacy against Colletotrichum falcatum in vitro ( Sailaja Rani and Krishnamma 2025). The Rhizospheric microflora have been explored for the management of red rot disease of sugarcane from the Rhizospheric soil of four sugarcane varieties (Priyam Vandana et al., 2024). Integrated disease management strategy is the best possible option in controlling this disease, rather than relying upon a single method (Basant kumar verma et al ., 2024). These methods are intended to restrict incidence of red rot after replanting to increase the productivity of sugarcane plants. However, the management strategies for minimizing red rot incidence had not yielded acceptable results (Viswanathan, and Rao, 2011, ). Resistant and moderately resistant varieties were reported by several workers (Ramjilal and Gill, 1990; Mohanraj etal. 1997; Nageswara Rao and Patro, 2005; Mishra, M.K., 2008; Viswanathan et al., 2016 ., Sailaja Rani et al., 2023). 	Comment by Maher: path types	Comment by Maher: micro flora
 Conclusion : This is a recurring project in which genotypes with good agronomic traits are evaluated against three pathotypes of Colletotrichum falcatum before recommending for general cultivation. Because of the great variability of the causal fungus, resistance to red rot might not depend upon as permanent attribute of any variety (Abbott, 1938). Hence it is a continuous process to evaluate new entries for resistance to red rot disease. Screening varieties for red rot resistance is being done systemically at our station and also measuring qualitative and quantitavive parameters like cane length, girth, number of nodes, sucrose, brix, commercial cane sugar and yield. Hence selection of varieties which shown resistance and moderate resistance with promising yield, qualitative and quantitive parameters can be recommended. The above mentioned R and MR varieties/genotypes can be successfully employed as a source of resistance in the breeding programme to evolve resistant cultivars (Pandey et al., 1996). The varieties having R and MR reaction can be released in the red rot prone area of Andhra Pradesh whereas moderately susceptible varieties may be released only under clean cultivation. Such varieties should be recommended only for upland areas and red rot free zones. When such varieties are cultivated, constant supervision for red rot disease incidence should be made to check possible disease spread. These superior genotypes may also be used in crossing programme as femele parents in order to have resistant selections, high sugar content and more cane yield.	Comment by Maher: path types	Comment by Maher: quantitative	Comment by Maher: quantitative	Comment by Maher: female
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