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Abstract

India the most important crops is sugarcane. The second largest production agro based industry. Sugarcane is the prone to the number
of disease causes by pathogensviz. fungi bacteria virus and phytoplasmas like organism the fungal disease named red rot of sugarcane
is the threatening diseases of sugarcane. It is also known as cancer of sugarcane. It causes severe loss in yield and quality of the
sugarcane. The colletotrichum falcatum responsible for this disease. Its causes frequent breakdown of resistant varieties. In the present
review summarizes the causes symptom and prevention of these red rot cancer of sugarcane.
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Introduction

Sugarcane (Saccharum spp.) is a commercially important crop of tropical and sub-tropical regions cultivated primarily for production
in the world. It is valuable mainly because of its ability to store high concentrations of sucrose, and sugar, in the stem and More
Recently for the production of ethanol, which is an important renewable biofuel source [1,2,3]. Brazil is the largest sugarcane
producer, contributing with 40% were incompletely world production, followed by India, China, Thailand, Pakistan, Mexico,
Philippines, United States, Australia and Argentina [3,4].

Sugarcane is responsible for 75% of the global sugar production and India is the largest consumer and second largest producer of
sugar in the world.[5]The sugarcane producing states of India and their contribution in sugarcane production is shown in Figure
1.Indian sugar industry is the second largest agro based industry, next only to the textiles. But, being a long durational crop, sugarcane
is prone to the number of disease caused by pathogens viz. fungi, bacteria, viruses and phytoplasmas like organisms. Amongst all the
diseases, red rot and smut are causing the major outbreaks in the recent years causing 30-100% yield loss in commercial sugarcane
cultivars throughout India [6].

The crop is caused by many diseases and maximum devastation occurs due to red rot caused by fungus Colletotrichum falcatum Went
[7]. The pathogen attacks sucrose accumulating parenchyma cells [8] of economically important cane stalk [9] leading to severe
losses in sugar recovery (25-75%), extraction (7.1-32.5%), polarity (7.4-38.7%), purity co-efficient (0.5-8.3%), and commercial
cane sugar (7.8-39%) [10,11].

Red rot is also the oldest mentioned disease of sugarcane dating back to the times of Buddha. The disease was first reported from
Java, Indonesia, where it was known as “Sereh” [12] and generally known to cause by the fungus, C. falcatum Went. The perfect
stage of the fungus was identified as Physalospora tucumanesisSpeg. [13] and finally known as Glomerella tucumanesis Speg. [14].
Barber Ca [15] recorded the first report of red rot occurrence in India.

Since then a number of red rot epidemics have been reported, especially in eastern Uttar Pradesh, northern Bihar and pockets of
Punjab.

Top 10 Sugarcane Producing States : 2014-2015
1 Uttar Pradesh 138481
2 Maharashtra 81870
3 Karnataka 41895
4 Tamilnadu 24463
5 Bihar 14131
6 Gujarat 14060
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State/ UT Sugarcane (Th. tonnes)

7 Andhra Pradesh+ Telangana 13150

8 Haryana 7650

9 Punjab 7039

10 Uttarakhand 6135
Fig.1

Causes of red rot disease of sugarcane
Red rot of sugarcane disease is caused by Colletotrichum falcatum Went, the perfect stage of which is Glomerella tucumanensis
(Speg.) Arx and Muller. There has been considerable difference in opinion as to the nature of the fungus that causes this disease.
Some insisted that this fungus is more strictly saprophytic than parasitic, and that it cannot attack healthy canes. The red rot fungus
can be readily isolated from infected tissues.
The pathogen produces specialized structures known as acervuli, which support profuse sporulation. Spores (conidia) are hyaline
(clear), oblong, single-celled, and produced in a slimy matrix. They rely heavily on water, particularly rainfall, for dissemination. At
least six races of the red rot pathogen have been identified (Bharti et al. 2014; Saksena et al., 2013). Fungal growth is affected by
temperature, pH, nutrition and environmental conditions.
The mycelium of the fungus grows both inter- and intracellularly in the parenchymatous cells of the host tissue. The hyphae are
colourless, slender, freely branched and septate. Acervuli appear just above or below the nodes along the de-pressions or
ridges.[16]They are black velvety bodies, develop in clusters. Acervuli are cuspidate with irregularly arranged setae.They are black
velvety bodies, develop in clusters. Acervuli are cuspidate with irregularly arranged setae. Aseptate conidiophores long and wide, on
which one-celled falcate conidia are borne. Conidia long and broad. They bear large oil globule in the centre. Chlamy-dospores are
terminal or intercalary.[16]
Favourable conditions for disease development

 Mean temperature range of 29.4 to 31°C is optimum for the development of the disease [17,18].

+ pH 5-6 [19].

« Drought conditions during the initial growth phase [20].

- High atmospheric humidity (90%).

« Water-logged conditions of the soil.

« Continuous cultivation of same variety in the field.

Symptoms of red rot disease of sugarcane

The most damaging phase of this disease occurs when the pathogen attacks the stalk. Depending on the age of the stalk, time of
infection and susceptibility of the cane genotype, it produces different types of symptoms [21].

The first external evidences of disease are the drooping, withering, and finally yellowing of the upper leaves. This is followed by a
similar wilting of the entire crown, and finally the entire plant shows indications of disease and dies. When not severe, the eyes
frequently die and blacken and the dead areas extend out from the nodes.

The protoplasm changes colour and a gummy dark-red material oozes out of the cells filling the in-tercellular spaces. The soluble
pigment present in this ooze, is absorbed by the cell wall producing the characteristic red rot appearanc.

Discolouration of the leaves is the first symptom in the field. The spindle leaves (3rd and 4th leaf) display drying which withers away
at the tips along the margins.

About this time the upper leaves of the stem turn pale and gradually droop down. These leaves then wither at the tips and along the
margins. Ultimately the entire plant withers and droops down. In areas where the disease appears in a severe epidemic form, the
en-tire crop withers and droops resulting in a complete loss of crop.
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Figure 2:- Red Rot of Sugarcane. A-C Disease symptoms. A and C. On stem.B. On leaf.
D. Anacervulus. E. Conidiophores producing conidia. F. Conidia.
Though the fungus attacks all parts of the host above ground, stems and midribs of leaves are more susceptible to fungal attack.
Infection in the leaves is visible along the midribs as dark-reddish zones having tendency to elongate rapidly turning blood-red
enclosed by dark margins (Fig. 2). When the infection becomes old, the central blood-red colour changes to straw colour.
With the advancement of disease, the stalk becomes hollow and covered with white mycelial growth. Later on the rind shrinks
longitudinally with the protrusion of minute black, velvety fruiting bodies. The infected cane emitsacidic-sour smell while its juice
emits alcoholic smell. As sucrose gets converted to glucose and alcohol in diseased cane, it does not set well upon boiling.

Prevention of red rot (cancer)

Management of red rot has been a challenging area of work. the stalk from which seeds are prepared has been largely affected
the time of planting, and fungicides cannot reach the infected tissues inside a diseased seed sett.
The pathologists and sugarcane breeders. The epiphytotic of the disease depends upon weather conditions, genotypes, presence of
virulent pathogen and time for disease development. These factors must be studied in depth so as to achieve effective control of the
disease. [22].
Therefore careful selec-tion of red rot-free seed setts is recommended for planting. Seed should always be taken from disease-free
nurseries examined regularly by the cane protection staff.

Adopting one or more of the following measures can minimize the disease incidence.

Avoid planting of highly susceptible varieties.

Follow the long furrow method or pair row method of layout for planting and irrigation.

Planting material should be collected from the seed nursery.

Before primary and general cane planting set treatment with 0-1% carbendazim (Bavistin) for 15-20 minutes dipping should
be followed.

Before planting, each seed sett should be carefully examined and those setts which show reddening should be discarded.
Where facilities are available for hot water treatment of seeds, they can be uti-lized for controlling red rot of seed (treat in
water at 50°C., for two hours). Treating seed with fungicides like Arasan (0.25 per cent.) is often effective.

The use of sugarcane varieties resistant to red rot is also recommended.

The possibilities of an epidemicss is very much minimized with the practice of long crop rotations (2 to 3 years) where
planting is done in plots.

One of the best ways to reduce the incidence of the disease is to raise healthy stock for planting in plots especially fertilized,
cultivated, and kept disease-free by constant care.

Resistant varieties

Effective control of red rot has been mainly through the use of resistant varieties. Even though genetics of inheritance of red rot
resistance is not well established, considerable progress has been made in the production of red rot resistant varieties [22]. In India,
the breeding work is primarily focused on developing red rot resistant varieties [23]. But as the pathogen is highly variable in nature,
therefore, even if a disease resistant variety is released for cultivation, it gets susceptible to red rot disease within 8—10 years because
of the development of new more virulent races of the pathogen [24,25].

From the last few decades, molecular diagnostic tools have increasingly been used as an alternative to traditional techniques [26].
Molecular markers could be used as an effective means that can unfold the complex genetics of sugarcane and also aid the breeders in
improving the genetic makeup of varieties [27,28]. So far, sugarcane diversity has been studied using ribosomal DNA [29], simple
sequence repeats [30]; amplified fragment length polymorphism[31]; restriction fragment length polymorphism [32]; TRAP and
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random amplified polymorphic DNA [33]. Considerable efforts are going on to identify genes and develop markers associated with
red rot resistance.[34]

Cultivation of resistant varieties like Co 89003, Co 98014, Co 0118, Co 0238, Co 0239, Co 0124, Co 975, Co 1148, Co 1336, Co
6611, Co.S 561, Co.S 574, B.O.s 3, etc will contain the disease.s

References

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

Menossi M, Silva-Filho MC, Vincentz M, Van-Sluys MA, Souza GM (2008) Sugarcane Functional: Gene Discovery For
Agronomic Trait Development. International Journal of Plant Genomics 2008: 1-11.

Da Costa MLM, Amorim LLB, Onofre AVC, De Melo Ljot, De Oliveira MBM, etal. (2011) Assessment of Genetic
Diversity In Contrasting Sugarcane Varieties Using Inter-Simple Sequence Repeat (Issr) Markers. American Journal of Plant
Sciences 2: 425-432.

Sharma R, Tamta S. A review on red rot: The “cancer” of sugarcane. J Plant Pathol Microbiol. 2015; S1: 003.
http://doi.org/10.4172/2157-7471.S1-003

Food and Agricultural Organization of United Nations: Economic and Social Department: The Statistical Division 2004.
Khan Arifa, Yadav Manmohan Singh, Ahmad Shafeeq., Image Processing Based Disease Detection for Sugarcane Leaves,
International Journal of Advance Research, Ideas and Innovations in Technology.

VISHWANATHAN, R., MALATHI, P., AND PADMANABHAN, P. (2003). “Variation in Sugarcane red rot pathogen,
Colletotrichum falcatum Went.” SBI. Coimbatore. Frontiers of Fungal Diversity in India (Eds., G.P. Rao, C. Manoharachari,
D.J. Bhat, R.C. Rajak and T.N. Lakhanpal), International Book Distribution Co., Lucknow, pp. 639-667.

Rott P. Bailey RA. Comstock JC. Croft BJ., Saumtally S. A Guide to Sugarcane Diseases. Montepellier: IRADISSCT,
CIRAD Publication Services; 2000.

Uys L, Botha FC, Hofmeyr JHS, Rohwer JM. Kinetic model of sucrose accumulation in maturing sugarcane culm tissue.
Phytochem. 2007; 68: 2375-92. http://doi.org/10.1016/).phytochem. 2007.04.023. PMID: 17555779

Moore PH. Temporal and spatial regulation of sucrose accumulation in the sugarcane stem. Aust J Plant Physiol. 1995; 22:
661-79. https://doi.org/10.1071/PP9950661

Viswanathan R, Samiyappan R. Red rot disease of sugarcane: major constraint for Indian sugar industry. Sugar Cane. 1999;
5:9-15.

Satyavir A, Kumar KR, Virk KS. Red rot of sugarcane: The research scene in Haryana. In: Singh SB, Rao GP,
Eswaramoorthy S, eds Sugarcane Crop Management. Houston: SCI TECH Publishing LLC; 2002. pp 109-26.

Went FAFC (1893) Het Rood Snot (Summary In English). Archiefvoor De Java Suikerindustrie 1: 265-282.

Carvajal F, Edgerton CW (1944) The Perfect Stage of Colletotrichum Falcatum Went. Phytopathology 34: 206-213.

Arx JAV, Muller E (1954) Die Gattungen Der Amerosporen Pyrenomyceton (The Genera of Amerosporous
Pyrenomyceton), Beiter. (Summary In English). Kryptogamen Flora Der Schweig 11: 195-196.

Barber CA (1901) Sugarcane Disease In Godawari and Ganjam Districts. Madras Department of Land Records and
Agricultural Bullettin 43: 181-194.

Mehak N. Red Rot of Sugarcane, Symptoms and Control

Singh K, Singh RP, Lal S (1988) Effect of Ambient Temperature On Red Rot Development In Sugarcane. Indian
Phytopathology 41: 86-91.

Beniwal MS, Satyavir (1991) Effect of Atmospheric Temperature On. The Development of Red Rot of Sugarcane. Indian
Phytopathology 44: 333-338.

Satyavir KA, Kumar A, Raj K (2002) Fungal Diseases of Sugarcane. In: GuptaVK, Paul YS (ed) Diseases of Field Crops
Indus Publishing Company, New Delhi.

Yin Z, Hoy JW (1997) Effect of Stalk Desiccation On Sugarcane Red Rot. Plant Disease 81: 1247-1250.

Duttamajumder Sk (2008) Red Rot of Sugarcane. Indian Institute of Sugarcane Research, Lucknow, India.

Viswanathan R, Sundar AR, Malathi P, Padmanaban P (2011) Red Rot of Sugarcane (Ed., T.R. Shanthy). Sugarcane
Breeding Institute, Coimbatore.

Agnihotri VP (1996) Current Sugarcane Disease Scenario and Management Strategies. Indian Phytopathology 49: 109-126.
Chona BI, Hingorani MK (1950) Comparative Studies of Certain Isolates of Colletotrichum Falcatum In The United States.
Science 31: 717-718.

Yadav RI (2006) Research Vision To Manage Red-Rot Disease of Sugarcane In India. Sugar Tech 8: 99-100.

Schaad NW, Frederick RD, Shaw J, Schneider WI, Hickson R, et al. (2003) Advances In Molecular-Based Diagnostics In
Meeting Crop Biosecurity and Phytosanitary Issues. Annual Review of Phytopathology 41: 305-324.

D’hont A, Rao PS, Feldmann P, Grivet L, Islam FN, et al. (1995) Identificationand Characterisation of Sugarcane
Intergeneric  Hybrids, Saccharumofficinarumx Erianthus Arundinaceus, With Molecular Markers and Dna In
SituHybridisation. Theoretical and Applied Genetics 91: 320-326.

Parida Sk, Sanjay KK, Sunita K, Dalal V, Hemaprabha G, et al. (2009)Informative Genomic Microsatellite Markers For
Efficient GenotypingApplications In Sugarcane. Theoretical and Applied Genetics 118: 327-338.

Glaszmann Jc, Lu Yh, Lanand C (1990) Variation of Nuclear Ribosomal Dna In Sugarcane. Journal of Genetics and
Breeding 44: 191-198.

Cordeiro GM, Taylor GO, Henry RJ (2000) Characterization of Microsatellite Markers From Sugarcane (Saccharum Sp.) A
Highly Polyploid Species. Plant Science 155: 161-168.

IJCRT1807081 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 669


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2216073/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2216073/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2216073/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2216073/
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.scirp.org%2FJournal%2FPaperDownload.aspx%3FissueID%3D1076%26issueType%3Dcontent&ei=nSaRVZORCM7JuATWpICIBA&usg=AFQjCNHwUjKCzWCb58Z_EzQYKokUOL1DIA&bvm=bv.96783405,d.c2E
http://doi.org/10.4172/2157-7471.S1-003
http://faostat.fao.org./
http://faostat.fao.org./
http://doi.org/10.1016/j.phytochem
http://doi.org/10.1016/j.phytochem
http://doi.org/10.1016/j.phytochem
http://www.ncbi.nlm.nih.gov/pubmed/17555779
https://doi.org/10.1071/PP9950661
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.mycobank.org%2FBioloMICS.aspx%3FLink%3DT%26TableKey%3D14682616000000067%26Rec%3D5969%26Fields%3DAll&ei=HimRVY_6HpKwuATQhIHQCA&usg=AFQjCNEPGqpU6T4EQxLR9OMw7-rCM_0BcQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.mycobank.org%2FBioloMICS.aspx%3FLink%3DT%26TableKey%3D14682616000000067%26Rec%3D5969%26Fields%3DAll&ei=HimRVY_6HpKwuATQhIHQCA&usg=AFQjCNEPGqpU6T4EQxLR9OMw7-rCM_0BcQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cbs.knaw.nl%2Fpublications%2F1064%2F03_Dedication.pdf&ei=cimRVaL_GI-OuATbwqXYAQ&usg=AFQjCNHTYvcMXltbdFtF7bBnA-epWWUqQQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cbs.knaw.nl%2Fpublications%2F1064%2F03_Dedication.pdf&ei=cimRVaL_GI-OuATbwqXYAQ&usg=AFQjCNHTYvcMXltbdFtF7bBnA-epWWUqQQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cbs.knaw.nl%2Fpublications%2F1064%2F03_Dedication.pdf&ei=cimRVaL_GI-OuATbwqXYAQ&usg=AFQjCNHTYvcMXltbdFtF7bBnA-epWWUqQQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.cbs.knaw.nl%2Fpublications%2F1064%2F03_Dedication.pdf&ei=cimRVaL_GI-OuATbwqXYAQ&usg=AFQjCNHTYvcMXltbdFtF7bBnA-epWWUqQQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fshodhganga.inflibnet.ac.in%3A8080%2Fjspui%2Fbitstream%2F10603%2F19692%2F11%2F8.chapter%25201.pdf&ei=iymRVceTJpKJuAS4kJiYBQ&usg=AFQjCNEKgsdWiEZh80TG0D8fkynzFr3TUA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fshodhganga.inflibnet.ac.in%3A8080%2Fjspui%2Fbitstream%2F10603%2F19692%2F11%2F8.chapter%25201.pdf&ei=iymRVceTJpKJuAS4kJiYBQ&usg=AFQjCNEKgsdWiEZh80TG0D8fkynzFr3TUA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fshodhganga.inflibnet.ac.in%3A8080%2Fjspui%2Fbitstream%2F10603%2F19692%2F11%2F8.chapter%25201.pdf&ei=iymRVceTJpKJuAS4kJiYBQ&usg=AFQjCNEKgsdWiEZh80TG0D8fkynzFr3TUA&bvm=bv.96783405,d.c2E
http://www.readbag.com/srswb-references-on-red-rot
http://www.readbag.com/srswb-references-on-red-rot
http://www.readbag.com/srswb-references-on-red-rot
http://www.readbag.com/srswb-references-on-red-rot
http://www.readbag.com/srswb-references-on-red-rot
http://www.readbag.com/srswb-references-on-red-rot
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Fissue%2Fview%2F678&ei=KC2RVZvWJorHuATh0pCwCQ&usg=AFQjCNHDAjSKxIDbmEXTtVY4li4M81kaWw&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Fissue%2Fview%2F678&ei=KC2RVZvWJorHuATh0pCwCQ&usg=AFQjCNHDAjSKxIDbmEXTtVY4li4M81kaWw&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Fissue%2Fview%2F678&ei=KC2RVZvWJorHuATh0pCwCQ&usg=AFQjCNHDAjSKxIDbmEXTtVY4li4M81kaWw&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Fissue%2Fview%2F678&ei=KC2RVZvWJorHuATh0pCwCQ&usg=AFQjCNHDAjSKxIDbmEXTtVY4li4M81kaWw&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fhau.ernet.in%2Fresearch%2Fkarnal%2Fpub_knl.pdf&ei=Sy2RVabcEpeGuASBnpKoCQ&usg=AFQjCNHbor_BvcjvXvmn4jBGj2x1Y_svlg&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fhau.ernet.in%2Fresearch%2Fkarnal%2Fpub_knl.pdf&ei=Sy2RVabcEpeGuASBnpKoCQ&usg=AFQjCNHbor_BvcjvXvmn4jBGj2x1Y_svlg&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fhau.ernet.in%2Fresearch%2Fkarnal%2Fpub_knl.pdf&ei=Sy2RVabcEpeGuASBnpKoCQ&usg=AFQjCNHbor_BvcjvXvmn4jBGj2x1Y_svlg&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fhau.ernet.in%2Fresearch%2Fkarnal%2Fpub_knl.pdf&ei=Sy2RVabcEpeGuASBnpKoCQ&usg=AFQjCNHbor_BvcjvXvmn4jBGj2x1Y_svlg&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fapsjournals.apsnet.org%2Ftoc%2Fpdis%2F81%2F11&ei=bi2RVZeGNNiMuAS7woCIAg&usg=AFQjCNFGY4XyC-WGeYydRHGmYTQqxEXW_A&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fapsjournals.apsnet.org%2Ftoc%2Fpdis%2F81%2F11&ei=bi2RVZeGNNiMuAS7woCIAg&usg=AFQjCNFGY4XyC-WGeYydRHGmYTQqxEXW_A&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.plantprotection.pl%2FPDF%2F53(1)%2FJPPR_53(1)_05_Saksena.pdf&ei=nieRVarEOtadugTvqZmwCw&usg=AFQjCNHYmfuwWKbT_dR4avOa7W6p-xRcDQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.plantprotection.pl%2FPDF%2F53(1)%2FJPPR_53(1)_05_Saksena.pdf&ei=nieRVarEOtadugTvqZmwCw&usg=AFQjCNHYmfuwWKbT_dR4avOa7W6p-xRcDQ&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDgQFjAD&url=http%3A%2F%2Fwww.globalsciencebooks.info%2FJournalsSup%2F12FPSB_6_SI2.html&ei=3CqRVZaWHszHuAT2g4CIDw&usg=AFQjCNHFtt6xqLls0KBwCtHUFAcL5goVGA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDgQFjAD&url=http%3A%2F%2Fwww.globalsciencebooks.info%2FJournalsSup%2F12FPSB_6_SI2.html&ei=3CqRVZaWHszHuAT2g4CIDw&usg=AFQjCNHFtt6xqLls0KBwCtHUFAcL5goVGA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CDgQFjAD&url=http%3A%2F%2Fwww.globalsciencebooks.info%2FJournalsSup%2F12FPSB_6_SI2.html&ei=3CqRVZaWHszHuAT2g4CIDw&usg=AFQjCNHFtt6xqLls0KBwCtHUFAcL5goVGA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Farticle%2Fdownload%2F20050%2F10206&ei=tCqRVc7GHc26uAT66aWoAg&usg=AFQjCNHkHnvXpjr3Ijpjvw-LyvNeNATmVA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIPPJ%2Farticle%2Fdownload%2F20050%2F10206&ei=tCqRVc7GHc26uAT66aWoAg&usg=AFQjCNHkHnvXpjr3Ijpjvw-LyvNeNATmVA&bvm=bv.96783405,d.c2E
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252FBF02943640.pdf&ei=8HqSVdfkJs2dugS89bPgBA&usg=AFQjCNE6998xcMlAHE91tSdLDx2zHbBIMw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Flink.springer.com%2Fcontent%2Fpdf%2F10.1007%252FBF02943640.pdf&ei=8HqSVdfkJs2dugS89bPgBA&usg=AFQjCNE6998xcMlAHE91tSdLDx2zHbBIMw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F14527331&ei=BVOSVf2mE9eHuATNjbjgCQ&usg=AFQjCNGXL-ZDPddcxUG_Qh405_Eg3zKtiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F14527331&ei=BVOSVf2mE9eHuATNjbjgCQ&usg=AFQjCNGXL-ZDPddcxUG_Qh405_Eg3zKtiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F14527331&ei=BVOSVf2mE9eHuATNjbjgCQ&usg=AFQjCNGXL-ZDPddcxUG_Qh405_Eg3zKtiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24169780&ei=LXuSVZuAMczHuAT2g4CIDw&usg=AFQjCNGXz--iwzvW_CpltPkJKW2qmnolew
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F18946655&ei=_HuSVf-dNI7-ugSbk4PoDA&usg=AFQjCNEk_4rJxcPJ2Pz-nBKEzFP9fcsAiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F18946655&ei=_HuSVf-dNI7-ugSbk4PoDA&usg=AFQjCNEk_4rJxcPJ2Pz-nBKEzFP9fcsAiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F18946655&ei=_HuSVf-dNI7-ugSbk4PoDA&usg=AFQjCNEk_4rJxcPJ2Pz-nBKEzFP9fcsAiw
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10814819&ei=C32SVcDUFs2NuATg7LCoBg&usg=AFQjCNHAL_aKId-xe0eIAyMY9QG-uWXa9w
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10814819&ei=C32SVcDUFs2NuATg7LCoBg&usg=AFQjCNHAL_aKId-xe0eIAyMY9QG-uWXa9w
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10814819&ei=C32SVcDUFs2NuATg7LCoBg&usg=AFQjCNHAL_aKId-xe0eIAyMY9QG-uWXa9w

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882

31

32.

33.

34.

35.

36.

Butterfield MK, Hont D, Berding N (2001) The Sugarcane Genome: A Synthesisof Current Understanding, and Lessons For
Breeding and Biotechnology. Proceedings of South African Sugar Technology Association 75: 1-5.

Coto O, Cornide MT, Calvo D, Canales E, D’hont A, et al. (2002) GeneticDiversity Among Wild Sugarcane Germplasm
From Laos Revealed WithMarkers. Euphytica 123: 121-130.

Alvi AK, Igbal J, Shah AH, Pan YB (2008) Dna Based Genetic Variation ForRed Rot Resistance In Sugarcane. Pakistan
Journal of Botany 40: 1419-1425.

Alwala S, Kimbeng CA, Gravois KA, Bischoff KP (2006) Trap A New Tool For Sugarcane Breeding: Comparison with Aflp
and Coefficient of Parentage.Journal American Society of Sugar Cane Technologists 26: 62-87.

C.Babu pre-breeding in sugarcane(saccharum sp. Hybrids) for red rot resistance and economic traits Email:
babutnau@gmail.com

Nayyar S, Sharma BK, Kaur A, Kalia A, Sanghera GS, Thind KS, et al. (2017) Red rot resistant transgenic sugarcane
developed through expression of p-1,3-glucanase gene. PLoS ONE 12 (6): e0179723. https://doi.org/10.1371/journal.

pone.0179723

IJCRT1807081 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 670


http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.sasta.co.za%2Fwp-content%2Fuploads%2FProceedings%2F2000s%2F2001_butterfield_THE%2520SUGARCANE%2520GENOME.pdf&ei=Q32SVZbEKoypuwTjmbioAQ&usg=AFQjCNEIlhGGHVkzGYvWtQSOAMfg9nYOYQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.sasta.co.za%2Fwp-content%2Fuploads%2FProceedings%2F2000s%2F2001_butterfield_THE%2520SUGARCANE%2520GENOME.pdf&ei=Q32SVZbEKoypuwTjmbioAQ&usg=AFQjCNEIlhGGHVkzGYvWtQSOAMfg9nYOYQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.sasta.co.za%2Fwp-content%2Fuploads%2FProceedings%2F2000s%2F2001_butterfield_THE%2520SUGARCANE%2520GENOME.pdf&ei=Q32SVZbEKoypuwTjmbioAQ&usg=AFQjCNEIlhGGHVkzGYvWtQSOAMfg9nYOYQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%252FA%253A1014479022930&ei=dH2SVcWBNc2zuQSZvYK4AQ&usg=AFQjCNEnGH17G1TAboHl5CLn_IvX6LFn0g
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%252FA%253A1014479022930&ei=dH2SVcWBNc2zuQSZvYK4AQ&usg=AFQjCNEnGH17G1TAboHl5CLn_IvX6LFn0g
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCIQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1023%252FA%253A1014479022930&ei=dH2SVcWBNc2zuQSZvYK4AQ&usg=AFQjCNEnGH17G1TAboHl5CLn_IvX6LFn0g
http://www.researchgate.net/publication/26541882_DNA_BASED_GENETIC_VARIATION_FOR_RED_ROT_RESISTANCE_IN_SUGARCANE
http://www.researchgate.net/publication/26541882_DNA_BASED_GENETIC_VARIATION_FOR_RED_ROT_RESISTANCE_IN_SUGARCANE
http://www.researchgate.net/publication/26541882_DNA_BASED_GENETIC_VARIATION_FOR_RED_ROT_RESISTANCE_IN_SUGARCANE
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fassct.org%2Fjournal%2FJASSCT%2520PDF%2520Files%2Fvolume%252026%2FA06-05%2520Alwala%2520final.pdf&ei=uH2SVYufPIi3uQTf0orgAw&usg=AFQjCNGWfFJzFas4noExS8xg15I4R4YCXQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fassct.org%2Fjournal%2FJASSCT%2520PDF%2520Files%2Fvolume%252026%2FA06-05%2520Alwala%2520final.pdf&ei=uH2SVYufPIi3uQTf0orgAw&usg=AFQjCNGWfFJzFas4noExS8xg15I4R4YCXQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fassct.org%2Fjournal%2FJASSCT%2520PDF%2520Files%2Fvolume%252026%2FA06-05%2520Alwala%2520final.pdf&ei=uH2SVYufPIi3uQTf0orgAw&usg=AFQjCNGWfFJzFas4noExS8xg15I4R4YCXQ
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fassct.org%2Fjournal%2FJASSCT%2520PDF%2520Files%2Fvolume%252026%2FA06-05%2520Alwala%2520final.pdf&ei=uH2SVYufPIi3uQTf0orgAw&usg=AFQjCNGWfFJzFas4noExS8xg15I4R4YCXQ
https://doi.org/10.1371/journal.pone.0179723
https://doi.org/10.1371/journal.pone.0179723
https://doi.org/10.1371/journal.pone.0179723
https://doi.org/10.1371/journal.pone.0179723

