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Abstract 

The genetic complexity of sugarcane, attaining novel genotypes for it is comparatively due to mechanisms of 

vegetative propagation. Breeding for higher yield and quality traits requires basic information on the extent of genetic 

variation in a population and its response to selection. Improving the genetic potential of qualitative and quantitative 

traits is the most important goal in the breeding program for sugarcane. The different breeding approaches aimed at 

developing types with new characteristics, it seems that better awareness of the biological network will effectively 

lead cultural management, thus increasing the capacity of present cultures through genomic selection in addition to 

enhancing new ones. This review summarizes the identification and functional characterization of the breeding 

programs and current understanding of the immunity against various diseases in sugarcane.  
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1. Introduction

Sugarcane is the cash crop with significant demand in the country [1]. In addition to sugar production, it also 

produced worldwide by-products such as Bagasse and Molasses [2]. In most disease-resistant plant breeding 

programs, success in developing resistant crop cultivars is achieved in a relatively short time. Plant breeding, crossing 

and pollination selection of sugarcane cultivars with favorable characteristics and generating inter-specific sugarcane 

hybrids with a combination of desirable characteristics [3]. It is thought that some of the cultivated varieties make a 

great contribution to the genome of these species in different proportions [4]. Disease control resistance is the 

easiest,   cost-effective   and   less   health hazardous precautionary and control measure in opposition to the various 

diseases of sugarcane like pokkah boeng, Smut, etc. Resistance durability depends on pathogen variation, mechanisms, 

and inheritance of resistance and farm management practices [5]. As revealed from morphological, physiological, and 

marker data [6], variation in natural Fusarium populations tends to be large. The sugarcane breeding programs are 

currently benefiting from methods developed to estimate genetic parameters. It is important to note that each 

breeding program adopts specific techniques in line with its needs and purposes [7]. The genetic complexity of 

sugarcane, obtaining new genotypes for it is relatively easy due to mechanisms of vegetative propagation. All these 

varieties were developed through mutations that were induced. Genetic variability and heritability are useful 

parameters that can help breeding during various crop improvement stages [8, 9]. Therefore, a clear understanding of 

genetic parameters is important to develop a breeding strategy. Here, we review the current knowledge of the 

biological functions and how they exert their roles at the breeding programs.  
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2. Selection programmes of sugarcane 

One of the oldest methods of breeding, and is the premise of all crop improvement practiced by historical farmers. 

Selection is completely based on plant phenotype. The effectiveness of choice usually depends on the extent to which 

the plant phenotypes replicate their genotype [10]. Selection indices are useful in understanding the extent of 

improvement by a combination of characters so as to improve the selection efficiency through indirect selection for 

bringing genetic improvement of yield. The potential advantage of selection indices is that several traits are improved 

simultaneously. The decisive objective of plant breeding is to generate dynamic cultivars for enhanced traits [11]. 

Early generation selection involves identifying sugarcane families comprising a greater proportion of high cane 

yielding seedlings followed by selecting individual seedlings with the potential to produce high cane yield from these 

elite families [12]. Genotype-by-environment (GE) interaction effects and the competition among closely spaced 

seedlings as well as clones planted in small plots [13] are known to influence the precision of individual seedling 

selection during early generation selection [14]. GE interaction effects are important for traits controlled by 

quantitative genes such as cane yield [15]. [16] Proposed the distinct steps involved in breeding. First, large 

quantities of selections are made from the genetically variable unique population. Second, rows of progeny are grown 

from the selections of the plants for observational purposes. Finally, the chosen and inbred strains are compared with 

varieties in its yielding performance and other elements of agronomic importance. Selecting advanced genotypes in 

the early generation might be highly ineffective for numerous crops particularly those cloned propagated. To steer 

clear of the screening problems, molecular genetic markers could be  hired  to pick out  the genotypes 

having  desired  characteristics  in breeding  program  aiming  at  development  of varieties with improved resistance. 

3. Genetic studies on sugarcane 

One of the most vital landmarks in plant breeding records have been the successful utilization of Saccharum 

spontaneum in sugarcane development. In no other crop, wild species have been so successfully applied to fulfill 

human desires. This species wild. S.spontaneum indicates high levels of resistance to biotic and abiotic stresses. The 

ingenious idea of using this wild species to improve sugarcane. As a female crossed S.officinarum into S. spontaneum as 

a male with the idea of infusing biotic and abiotic stress resistance into the cultivated sugarcane [17]. An advanced 

multiplication method utilizing tissue culture procedures, micropropagation involves small parts of a plant such as 

shoot tips and nodes grown in an artificial medium in a germ-free environment. Micropropagation has increased the 

multiplication rate of HYV (high yield variety) planting material exponentially, helping planters improve farm yields. 

The cutting-edge technique has reduced the lag time of new varieties because it enables breeders to generate 

numerous plantlets in a short span of time. Restriction fragment length polymorphism (RFLP) markers are generally 

phenotype-neutral, free of environmental influence, have a high level of allelic variation, and are apparently free of 

epistatic and pleiotropic effects. Furthermore, they are detectable in all tissues at any stage of plant development. The 

development of RFLP markers is technically complex, time-consuming, and expensive, and involves safety 

considerations due to the use of radioactive probes. These aspects, coupled with the requirement for large amounts of 

DNA and cloned and characterized probes, has raised questions as to whether RFLP technology is compatible with 

large-scale crop improvement programs, despite its usefulness in generating genetic markers. 

4. Features and consequences of nobilization 

[18] cytological studies showed that asymmetric transmission of the chromosome is characterized by nobilization. An 

intersection between S. officinarum (2n= 80) as parent female, and S. spontaneum (2n=40-128) as a parent male. In 

general, S.officinarum transmits two sets of haploid chromosomes while S.spontaneum passes on one. This process of 

2n + n transmission is repeated once again when the hybrid is backcrossed to S.officinarum as the female [19]. 2n 

gametes may or may not function in further backcrosses depending on the specific S.officinarum clones that may be 

used [20]. It is critical to note that while uneven chromosome transmission is the norm in S.officinarum x 

S.spontaneum hybrids as opposed to the exception, from these interspecific crosses rare times of n+n progeny were 

pronounced, regularly involving S.spontaneum [21]. During selection, therefore, variety improvement in sugarcane 

hybrids is likely to be due to retention of S.spontaneum chromosomes with favorable net effects, while those with 

unfavorable effects are rejected. 
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5. Conventional breeding 

Traditional breeding of sugarcane is impeded through a slender gene pool and complicated genome derived from 

small group of progenitor clones [22]. Other elements such as infertility, long breeding cycles, and cold intolerance 

additionally restrict breeding advancements of some sugarcane strains. During the last three to 4 decades, traditional 

sugar cane breeding has notably elevated yield, ratooning ability and resistance to disease [23]. Conventional 

breeding is often based on empirical yield choices [24], which is a way out of optimum, because yield is a quantitative 

feature and is characterized by low heritability and high environmental genotype interactions (G × E). Crop physiology 

and genomics have generated new insights into stress tolerance and plant improvement tools to breeders [25]. 

Natural choice has desired variation and survival mechanisms; breeding hobby has directed choice toward increasing 

the financial yield of cultivated species [26]. By deciding on yield and secondary characteristics, genetic improvement 

for drought resistance has been addressed using a conventional approach [27]. [28] anticipated the advances in 

molecular techniques have contributed in particular to the use and enhancement of germplasm along with innovative 

procedures for plant breeding under stress conditions. A range of molecular resources have been developed and 

identified for improving sugarcane. [22] Most of the traits that breeding programmes seek to improve resistance. 

6. Utilization of germplasm 

The different breeding techniques aimed at developing types with new characteristics, it appears that better know-
how of the biological network can successfully lead to cultural management, thus increasing the potential of present 
cultures, in addition to improving recent ones, by means of "assisted genomic selection." One of the main components 
of plant breeding is the identification of germplasms containing genes that could improve the performance of current 
cultivars [29]. Wild species have a degree of excessive genetic variation. Since cultivated types are generally derived 
from only a few accessions of ancestral or wild species and had been subject to repetitive choice, the variety of 
variations includes the acquisition of germplasm through collections and repatriations from genebanks or from 
different sources, the characterization and evaluation of germplasm, and the selection of suitable genotypes by mass 
and/or normally pure line. Germplasm thus has great potential value for improvement of crop varieties.  

7. G×E interaction 

Genotype × environment interaction is a significant factor for genetic improvement in identifying excessive yield and 

stable cultivars suitable for regional sugar industry components [30]. Environmentally interactive genotypes are 

common for most economically important quantitative traits. The selection of genotypes to maximize yield across 

environments is complicated due to the complexity of responses to the genotype. In-plant breeding programs, 

desirable genotypes are selected after evaluation under different environments. Most of the sugarcane component is 

highly influenced by environmental factors such as germination, tillering, and stalk elongation [31].The crop is 

harvested when sucrose accumulation within the stalks reaches a peak and the time to maturity also varies depending 

on genotype and growing conditions.  

8. Conclusion 

An understanding of cane yield and interrelationships among other module traits with economic yield is also 

important to adopt an appropriate breeding strategy. Cane yield is a highly complex quantitative character influenced 

by several component characters and hence direct selection may not be reliable. Studies of G x E sugarcane 

interactions are limited, having focused on the strategy of breeding and selection networks in the future when 

attempted. Moreover, the use of a post-release cultivar assessment program as a tool to implement various strategies 

may be a rational option to the diversity of such trial networks. Various resources and tackle are persistently been 

made available for sugarcane in order to understand its genome, genetics, physiology, molecular biology, new markers 

associated with traits of agronomical significance. Breeding programs should take advantage of these tools and 

integrate in their selection strategy to generate advanced new cultivars that respond to current and future production 

needs and anticipate the wide spectrum of civilization.  
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