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Abstract 

 
Sorghum is one of the main staple food crops for millions of subsistence farmers in Africa. Biotic and abiotic challenges are the 

major production constraints of the crop. Amongst the sorghum biotic constraints, anthracnose is the major devastating disease 

causing up to 80% of yield reduction. The productivity and profitability of sorghum is limited by several biotic constraints, most 
notably anthracnose caused by the aggressive fungal pathogen Colletotrichum sublineolum. The most effective and environmentally 

responsible strategy to control anthracnose is through the incorporation of resistance genes. However, although several sources have 

been identified, the lack of information with regard to its genetic control of resistance has limited their adequate use in breeding 

programs. Additionally, the limitations of breeding regarding the leaf and stalk anthracnose resistance and also the need for 
evaluating materials for resistance and yield in different environments is of major importance. There is limited information about the 

combining ability, gene action and genetic effects and relationships between anthracnose resistance and grain yield which is required 

in devising appropriate strategies for developing resistant and high yielding sorghum varieties. This review provides theoretical basis 

of the progress and challenges for breeding sorghum for anthracnose resistance and improved yield.  
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Introduction 

 

Sorghum [(Sorghum bicolor (L.) Moench] is one of the most 

important grain crops grown worldwide for food security. It 

ranks fifth after wheat, maize, rice, and barley (FAO, 2011) 
globally and second after maize in Sub-Saharan Africa 

(Zidenga, 2004). It grows in the tropical and sub-tropical 

areas of the world with the four wild and the cultivated races 

differentiated by head type, grain size, yield potential, and 
adaptation, among other traits (Acquaah, 2007). The 

cultivated races include bicolor, guinea, kafir, caudatum, and 

durra (Acquaah, 2007). Some intermediate races are also 

recognised. 
Sorghum is produced in areas considered marginal for other 

cereal crops such as maize. According to Vijayakumar et al. 

(2014) sorghum produced worldwide is 64.20 million tonnes 

with a cultivated area of 41 million hectares. Of this, about 26 
million tonnes are produced in Africa. The four leading 

sorghum producers in Africa are Nigeria, Ethiopia, Burkina 

Faso and Niger. About 74% of sorghum in Africa is used for 

food (Acquaah, 2012). Although the production varies widely 
among countries, sorghum remains an important food 

constituent in the diet of many rural households. 

Apart from its contribution to food security, sorghum is 

broadly adapted and can be grown in a wide range of 
environments. One of its strongest traits is its great 

adaptability to tropical and subtropical areas of the world 

where water availability and soil conditions are marginal for 

other grain crops such as maize (ICRISAT, 2009). It can be 
produced in a wide variety of soil types, but yields are 

typically highest in deep, well drained soils with good 

fertility. It also appears to have a high capacity for osmotic 

adjustment to stress to maintain turgor pressure in cells 

(Nguyen et al., 1997), while some sorghum varieties possess 
“stay green” genes that enable them to continue to 

photosynthesize post-flowering, during drought (Borrel et al., 

2014). Because of these abilities to survive in harsh 

conditions it is a vital crop for household food security for 
many rural communities farming in marginal agro-ecologies, 

such as in the dry regions of South Africa, Botswana and 

Namibia. Among the cereals, sorghum is known to have the 

greatest number of diseases (Esele, 1995). This is partly 
because it is cultivated under a wide range of environmental 

conditions.  

There are various biotic and abiotic stresses that affect the 

production and productivity of sorghum in various parts of 
the world. The biotic stresses include damages caused by 

disease causing organisms, insect pests, weeds, birds, and 

rodents. parasitic weeds. The most prevalent diseases of 

sorghum are ergot, grain mould, various smuts, root and stalk 
rots, leaf diseases such as rust, zonate leaf spot, mildews, 

anthracnose and leaf blight among others (Dogget, 1988). 

The insect pests include stalk borers, maize and sorghum 

aphids, panicle feeding bugs, beetles, bollworms, wireworms, 
cutworms, weevils, shootfly, sorghum midge, virus diseases 

and armoured cricket (Dogget, 1988; Van den Berg and 

Drinkwater 1997). The most common viruses attacking 

sorghum include Johnson grass mosaic virus, maize dwarf 
mosaic virus, sugarcane mosaic virus, and sorghum mosaic 

virus. These viral diseases account for 2-5% yield loss 
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annually. The purpose of this article is to review the 

anthracnose disease and the progress and challenges for 

breeding sorghum varieties resistant to the disease and attain 

improved yield. 
 

Anthracnose in sorghum 

 

Anthracnose is one of the most devastating fungal diseases in 
sorghum. The disease is commonly found in tropical and 

subtropical environments where warm, humid climatic 

conditions enhance the development and spread of the 

disease (Thakur and Mathur, 2000).  
 

Symptoms 

 

The anthracnose disease occurs in the foliar parts of the plant 
as well as on the stalk and panicle (Figure 1 and 2). The 

sorghum anthracnose is caused by Colletotrichum 

sublineolum P. Henn. Kabat; Bulbak which poses a serious 

threat to sorghum production and profitability (Thakur and 

Mathur, 2000). The disease occurs in four phases: seedling 

root rot, leaf (foliar), stalk rot and seed mold. All these 

phases may occur within a single growing season. The seed 

rot is mainly due to planting of infected seed or infection of 
the seeds as they germinate in infested soil. The foliar 

anthracnose is the most destructive disease phase and it 

appears 30-40 days after emergence during growth stage 4.0 

or later. It occurs from the true leaf through the emergence of 
the panicle from the boot. The leaf phase of anthracnose 

begins to develop very quickly near the end of the vegetative 

stage of the plant and near the beginning of the heading stage. 

The fungus survives as mycelium, conidia and microsclerotia 
up to 18 months in crop debris or above the soil surface. In 

alternative hosts it survives as mycelium in infected seeds. 

Depending on the cultivar and environmental conditions, the 

symptoms range from small elliptical spots to elongated 
lesions with abundant acervuli. Premature defoliation in 

highly susceptible cultivars which may result in a death of a 

plant before seed development. The foliar infection occurs at 

any stage of plant development and may cause yield losses 
from 20% up to 80% (Ali et al. 1987; Marley et al., 2005; 

Tesso et al., 2012). It can also cause reduction in kernel 

number and size. Stalk anthracnose develops from spores 

produced in the foliar phase, and is spread throughout the 
field by splashing rain and/or wind. The spores germinate and 

infect the stalk above the uppermost leaf and rot the interior 

of the stalk. If the head and stalk are split lengthwise, a 

banded or marbled pattern of dark red to purple lesions 
interspersed with white pith tissue are seen. In severe cases, 

infection of the panicles can hinder grain filling. The infected 

heads generally mature earlier than uninfected and they are 

smaller and lighter in weight and the movement of nutrients 
to the grain is also limited. The stalk rots and leads to yield 

losses due to lodging of susceptible cultivars. The infection 

on the panicle can cause yield reduction of 30-50% (Thakur 

and Mathur, 2000). The infected seeds appear dark brown or 
black with streaks encircling the seed. Additionally, the 

infected seeds can cause reduced germination and new 

introductions/pathotypes of the disease in new regions 
(Cardwell et al., 1989; Marley et al., 2004). Further, sorghum 

anthracnose often occurs as a mixed infection with zonate 

leaf spot in Mali and Nigeria (Bandyopadhyay et al., 1996). 

Physiological races 
The fungus is known to have variable pathotypes. More 

than 40 races/pathotypes have been reported from different 

geographical areas of the world using different sets of 

putative host differentials (Casela and Ferreira, 1995; Marley 

et al., 2001, 2004; Mathur et al., 2002; Rooney et al. 2002). 

The C. graminicola races were first reported in the United 

States in 1967 (Haris and Johnson, 1967). Then followed 

other countries such as Puerto-Rico and the US with 11 races 
(Ali and Warren 1987; Cardwell et al. 1989), 12 in Brazil 

(Ferreira and Casela 1986), 15 in Nigeria (Ozula et al., 1986; 

Marley et al., 2001; 2004) and 2 from West Africa (Neya and 

Normad, 1998; Thomas, 1995). In Nigeria, nine races of 
anthracnose were identified amongst diverse strains that have 

been tested under greenhouse and field conditions (Ozula et 

al., 1986). In Samaru, five physiological races were identified 

from 50 foliar isolates collected from sorghum growing areas 
(Marley et al., 2001). Thomas (1995) reported the presence of 

two isolates of C. graminicola in the Samako area of 

Bamako, in Mali. Alawode et al. (1983) identified three races 

of C. graminicola based on the symptom types. Based on 
morphological and cultural characteristics, Marley et al. 

(2001) identified nine morphological groups from 50 isolates 

collected from major sorghum producing areas in Nigeria. 

Anas et al. (2001) found five morphological groups within 

five isolates gathered from various plant parts infected with 

the disease. A genetic variation within foliar population of C. 

graminicola was reported in West and Central Africa but 

limited in Burkina Faso (Thomas and Frederiksen, 1995; 
Thomas et al., 1995; Neya and Normand 1998). Three races 

were found among the isolates collected from Georgia, 

Florida, and Puerto Rico in the US (Ali and Warren, 1987). 

Mathur et al. (2002) used a set of 15 sorghum differentials 
grown in 16 locations in Africa, Asia, and the United States. 

The interactions showed that different pathotypes prevailed at 

each location. Later, Valerio et al. (2005) reported 22 

pathotypes among 37 isolates using an additional differential 
SC748-5. Moore et al. (2008) established 13 new pathotypes 

from 87 isolates collected from Arkansas. 

 

Strategies to control anthracnose 

 

Because of these constraints and the use of traditional 

cultivars (low yielding) and traditional production practices 

during early 1970s, the sorghum production is dismally low. 
In order to improve and/or maintain yields different control 

strategies needs to be employed. The anthracnose is managed 

by the use of fungicides, cultural practices and resistant 

cultivars (Singh et al., 1989).  
 

Cultural control 

 

The cultural practices include cleaning fields at the end of 
harvest and beginning of the season significantly reduces the 

incidence and severity of anthracnose compared to practices 

of incorporating crop residues into the soil for enhancement 

of soil fertility. The management of anthracnose using proper 
field sanitation as a cultural control measure remains highly 

sustainable in many regions. A change in planting dates can 

serve as an alternative means of managing anthracnose in 

farmer’s fields (Park et al., 2005). However, for planting 
dates to be used as an effective control method in disease 

management, one has to know the cycle of the disease and 

find out the optimum time when the diseases reached its 
optimum/peak levels. Altering of planting dates (Ngugi et al., 

2000; Marley 2004), planting disease free seeds, and crop 

rotation can serve as important methods for controlling 

sorghum anthracnose disease severity (Warren 1986; 
Cardwell et al., 1989; Casela and Frederiksen, 1993; Somda 

et al., 2007). These methods are inexpensive and are 

environmentally friendly, but may be ineffective especially if 

they are to be implemented in large fields.  
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Fig 1. Anthracnose symptoms on sorghum leaf.  

 

 

 
Fig 2. Anthracnose symptoms on the stem. 

 

Chemical control 

 

The other control strategy of anthracnose disease was the use 
of fungicides (Gwary and Asala, 2006a). Chemicals such as 

Apron-plus for seed treatment alongside foliar fungicides 

such as carbendazin + maneb and mancozeb were applied. 

These chemicals have been reported to be effective in the 
controlling anthracnose in Nigeria (Akpa et al., 1992). Other 

fungicides were reported to be effective in controlling the 

anthracnose disease (Marley et al. 2004; Gwary and Asala, 

2006b). Sorghum seed treatment with vitavax (carboxin) 
followed by a spray with zined was also the most effective 

anthracnose control (Michereff et al., 1994). The use of 

chemicals for control of anthracnose is not economical and 

sustainable. It is usually costly for farmers who produce 
sorghum in large quantities globally. 

 

Host plant resistance 

 
For sustainable agricultural systems, host plant resistance is 

more effective and provides the most economical method of 

stabilizing crop production. Several sources of resistance to 

C. sublineolum have been identified which includes several 
genes (Thakur and Mathur, 2000). Coleman and Stokes 

(1954) identified a gene for resistance to anthracnose stalk rot 

which differed with the gene controlling the foliar phase of 

the disease. Additional sources of resistance to anthracnose 
are required due to the occurrence of pathotypes within the 

pathogen population and changes in virulence patterns for 

enhancement of durability to resistant sources. C. 

sublineolum has a high level of variability and this variability 

results in the fast adaptation of the pathogen to the resistant 
cultivars in use, breaking their resistance very quickly (Singh 

et al., 2006; Moore et al., 2008; Silva et al., 2008). The use of 

multilines or mixtures of varieties in the form of non-isogenic 

lines seemed to be effective in reducing the disease severity 
(Casela et al., 2001b). Guimaraes et al. (1998) and Costa et 

al. (2005) analysed this process in the Sorghum bicolor/C. 

sublineolum pathosystem and assessed the efficiency of 

sorghum mixtures in controlling anthracnose in Brazil. The 
genetic variability that is present in the pathogen population 

indicates that there is potential for the identification of new 

sources of resistance genes to the pathotypes (Cardwell et al., 

1989). This is needed not only to be incorporated in breeding 
programs, but also to be explored in management strategies 

to increase the stability of this resistance. Attempts were 

made to increase the durability of the resistance to 

anthracnose in sorghum. Strategies such as dilatory 

resistance, which reduces the rate of development of the 

disease (Guimaraes et al., 1998), identification of and 

dissociation of virulence in the population of the pathogen 

(Casela et al., 2001a) and the use of the mixtures of cultivars 
(Guimaraes et al., 1998). The use of hybrid development 

resulting from the combination of male sterile (A) and the 

restorer (R) lines against which there is no virulence 

association in the pathogen population (Casela et al., 1998) 
seemed to the trick of reducing the disease development. 

Costa et al. (2005) used a three way hybrids as a strategy to 

manage resistance to C. graminicola in sorghum. However, 

little information is available on the strategies for increasing 
durability of genetic resistance to anthracnose in sorghum. 

 

Plant disease resistance and types  

 
Plants have developed several defensive mechanisms that 

enables them to restrict the development of infections. The 

presence of physical barriers that inhibit the pathogen to 

penetrate the plant such as thick cuticle layer, size and 
location of stomata, among others. Plants release chemical 

compounds into its environment that inhibits pathogen 

development for example fungitoxic exudates in some plants 

leaves inhibits fungi development. Compounds such as 
phenols, tannins and avenacin present in cells offers a good 

chemical defense mechanism in plants (Agrios, 2004, Heath, 

1981). Heath (1981) reported another form of resistance 

where plants are not considered to be host of the pathogen in 
question and it is referred to as non-host resistant. The other 

form of resistance in plants is the one referred to as true 

resistant. True resistant is genetically controlled which is 

achieved by a plant through incompatibility between itself 
(host) and the pathogen (Agrios, 2004). According to (Plank, 

1963; Agrios, 2004) true resistance is of two kinds: host 

resistance (HR) and vertical resistance (VR). HR is the form 

of resistance that is not specific but rather quantitative and is 
controlled by many genes hence referred to as polygenic 

resistance (Agrios 2004). Anthracnose resistance is an 

example of polygenic resistant since it is controlled by more 
than one gene (LeBeau and Coleman, 1950; Murty and 

Thomas, 1989; Tenkouano and Miller, 1993). Costa et al. 

(2011) reported a dominant resistance to the anthracnose 

disease. In this form of resistance single gene may not play a 
role in resistance alone but combining with other genes. HR 

do not protect plant from being infected but rather slows the 

development of the disease hence slowing the spread of the 

disease in the field (Agrios, 2004). VR is a race specific form 
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of resistance usually controlled by one major gene or very 

few genes hence referred to as monogenic resistance. In this 

form of resistance a cultivar may be resistant to some races of 

the pathogen and susceptible to other races of the same 
pathogen (Agrios, 2004). VR is characterized by 

incompatibility between the host and pathogen and when 

attacked, the host respond by hypersensitive reaction. 

Hypersensitive reaction is rapid localized death of host cells 
in response to infection. HR has long shelf life and difficult 

to break while VR is easy to break due to continuous 

pathogen coevolution resulting to arise of new races. To 

break polygenic resistance a pathogen race must be able to 
have genes of virulence that can overcome all resistance 

genes present which is not easy. This is a major advantage of 

HR, the instability of race specific resistance has prompted 

the search for more stable forms of resistance. Dilatory 
resistance, characterized by a slow rate of disease 

development has been demonstrated in the 

anthracnose/sorghum pathosystem (Guimaraes et al., 1998). 

This type of resistance is expressed as a reduced infection 

frequency, a slower rate of development in the host, and a 

slower rate of spore production over a short period of time 

(Parlevliet, 1979). Dilatory resistance to anthracnose was 

identified in commercial sorghum hybrids in a field study 
conducted by Cardwell et al. (1988). 

 

The genetics of anthracnose 

 
Heritability of anthracnose resistance has been researched for 

over 50 years. In most cases, researchers identify resistance 

genes that protect against a single isolate of the pathogen and 

in several cases the resistance is conferred by a recessive 
allele. Information on the inheritance of sorghum resistance 

to leaf anthracnose is very scanty. However, Costa et al. 

(2011) studied inheritance of anthracnose gene using the F1, 

segregating and backcross populations. They found that for 
most crosses the resistance was dominant, and the 

proportions of resistant and susceptible plants in the 

segregating population conformed to the frequencies 

expected under the hypothesis of gene-for-gene interaction 
and dominant gene action. There is evidence that resistance 

to the anthracnose stages to leaf and stalk rot is under 

independent genetic control (Casela et al., 1997). LeBeau and 

Coleman (1950) verified that the resistance is controlled by 
recessive genes, which was confirmed by the studies by 

Singh et al. (2006) and Boora et al. (1998) using RAPD and 

SCAR markers for sorghum lineages. In other studies, the 

inheritance of resistance was reported to be determined by a 
larger number of genes with partial dominance or an additive 

effect; by a dominant gene without cytoplasmic influences; or 

by a single locus with multiple alleles (Murty and Thomas, 

1989; Tenkouano and Miller, 1993). Mehta et al. (2005) 
characterised the inheritance and stability of resistance in the 

pathosystem at different locations, also concluded that the 

resistance is controlled by a single locus with dominant or 

recessive gene action. Sources of dilatory resistance, 
inherited as a polygenic trait have also been identified 

(Casela et al., 1993). Erpelding and Prom (2004) evaluated 

270 Mali accessions to study the mode of inheritance during 
the dry and wet seasons in 2003 at Puerto Rico and 41 

accessions exhibited both dominant and recessive gene 

action. Mehta et al. (2005) identified four converted lines that 

displayed unique but simply inherited sources of anthracnose 
resistance. Due to the inconsistency of the results on 

inheritance mechanism the genetics of anthracnose resistant 

is more complex and remains unclear. This justifies the 

importance of studying mode of inheritance of genotypes that 

are used as sources of resistance for anthracnose in every 

breeding program. 

The genetic effect can either be additive, dominant or 

epistatic and in rare case over dominance. According to 
Griffing (1956), general combining ability (GCA) and 

specific combining ability (SCA) are used to estimate gene 

effects. The GCA is used to estimate additive genetic effects 

while SCA estimates the non-additive components. There are 
no studies reported on determination of combining ability 

effects of anthracnose disease in sorghum. Callaway et al. 

(1992) studied the effect of anthracnose stalk rot on grain 

yield and related traits and determined their combining ability 
on maize adapted to north-eastern United States. The authors 

found that the general combining ability was significant for 

kernel weight while the specific combining ability was 

significant for kernel weight and grain yield. Callaway et al. 
(1990) also studied the general combining ability effects of 

anthracnose stalk rot resistance on maize in a diallel analysis. 

The inbreds LB31B, RD5264, and RD6501 had highly 

significant negative general combining ability effects for 

anthracnose stalk rot ratings, indicating that these lines would 

be good choices as parents where anthracnose stalk rot 

resistance is desired. The inbreds RD5215, RD5217, 

RD5529, B59Ht, and B37 had significant, positive general 
combining ability effects. Specific combining ability was 

important for certain combinations of lines. Rooney et al. 

(2011) registered A/BTx2929 through A/BTx2934 for 

resistance to several disease including anthracnose in the 
/USA with good combining ability and adaptation. However, 

there are limited studies on the combining ability effects of 

anthracnose resistance in sorghum and yield reported thus far. 

Information on the effects of combining ability aid breeders 
on the mode of gene action of the desired traits. 

 

Genomic selection for anthracnose resistance 

 
Breeding for stable anthracnose resistance has been difficult 

even in regions with endemic anthracnose due to 

hypervariable nature of the C. sublineolum along with strong 

environmental effects on symptoms development and disease 
spread. Hence, identification of new sources of resistance is 

essential. Improved germplasm with resistance to anthracnose 

has been released previously. Most of the lines are used 

directly in the commercial hybrid or cultivar production, 
while others are used in breeding sources but most were 

developed using traditional breeding methodology. Tenkuano 

et al. (1993a,b) proposed selection at the seedling stage based 

on phytoalexin content. Recently, markers linked to 
anthracnose resistance have been identified (Boora et al., 

1998). The molecular markers make the pyramiding of genes 

feasible and the genes be more stable across environments. 

Molecular markers linked to gene/s of interest are one 
possible strategy to allow selection for anthracnose resistance 

without concern of pathogen pressure.  

Differentiation between Collectotrichum isolates based on 

morphological traits and origin is not sufficient for 
assessment of genetic diversity. This is due to the influence 

of environment on the stability of the morphological 

characters. Molecular markers such as randomised amplified 
polymorphic DNA (RAPD) (Guthrie et al., 1992) and 

restriction fragment length polymorphism (RFLP) have been 

used to examine genetic diversity in the anthracnose 

pathogen. Valerio et al. (2005) used RAPD and RFLP-PCR 
markers to examine the molecular diversity of 37 

Collectotrichum isolates collected from four distinct regions 

of Brazil and recorded polymorphic differences among the 

isolates belonging to the same race as defined on 10 sorghum 
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differentials. However, no association between virulence 

phenotypes and molecular profiles was observed. Figueiredo 

et al. (2006) used SDS-PAGE, RAPD, ARDRA (amplified 

rDNA restriction analysis) and rDNA sequencing for 
identification of C. sublineolum pathotypes and concluded 

that RAPD and rDNA sequencing revealed a high degree of 

polymorphism among the five pathotypes in Brazil. Wang et 

al. (2006) used the SSR markers to evaluate genetic diversity 
in relation to rust and anthracnose disease response on 96 

sorghum accessions randomly selected from the core 

collection database of the Germplasm Research Information 

Network (GRIN). The information obtained was useful for 
selection of parents for crosses and classification of sorghum 

accessions in germplasm management. Chala et al. (2011) 

determined the presence of genetic diversity using amplified 

fragment length polymorphism (AFLP) on 102 C. 
sublineolum isolates collected from different sorghum 

growing areas in Ethiopia. The findings of the study 

confirmed the presence of a highly diverse pathogen, which 

concurs with the existence of diverse host genotypes and 

widely ranging environmental conditions in sorghum 

growing areas within the country. 

Upadhyaya et al. (2013) used association analysis using 

SNP markers to identify markers linked to anthracnose 
resistance in sorghum. Eight marker loci were associated with 

anthracnose resistance in the two years. Except locus 8, 

disease resistance-related genes were found in all loci based 

on their physical distance from linked SNP markers. These 
include two NB-ARC class of R genes on chromosome 10 

that were partially homologous to the rice blast resistance 

gene Pib, two hypersensitive response-related genes: 

autophagy-related protein 3 on chromosome 1 and 4 harpin-
induced 1 (Hin1) homologs on chromosome 8, a RAV 

transcription factor that is also part of R gene pathway, an 

oxysterol-binding protein that functions in the non-specific 

host resistance, and homologs of menthone:neomenthol 
reductase (MNR) that catalyzes a menthone reduction to 

produce the antimicrobial neomenthol. cDNA-AFLP 

technique was used to identify transcripts differentially 

expressed in a resistant genotype from Uganda (Biruma et al. 
2012). Katile (2007) reported that three AFLP markers 

(Xtxa607, Xtxa3181 and Xtxa4327) and three SSRs (Xtxp3, 

Xtxp55 and Xtxp72) identified were loosely linked to the 

anthracnose resistance genes. They were located in linkage 
group B and this suggest that markers located 20-30 cM on 

one side or the other of those tested should provide useful 

tags for the resistance gene. Felderhoff et al. (2016) used 

genotyping by sequencing to map anthracnose resistance loci 
in sorghum. Totals of 5186 and 2759 informative SNP 

markers were identified in the two bi-parental mapping 

populations used. Burrell et al. (2015) created a RIL 

population of 117 inbred lines, and generated 619 SNP and 
three microsatellite markers to create a genetic map for QTL 

analysis. After phenotyping for anthracnose symptoms, they 

identified a QTL on chromosome 5 that colocalized with the 

QTL identified by Cuevas et al. (2014) and Perumal et al. 
(2009). Perumal et al. (2009) identified markers that co-

segregate with Cg1, a dominant gene for anthracnose 

resistance identified in cultivar SC748-5 using AFLP and 
SSR markers. Upadhyaya et al. (2013) mapped eight loci that 

are linked to anthracnose resistance in sorghum using SNP 

markers. Some lines were found to have a stable resistance to 

anthracnose. The lines included IS3547, IS 6958, IS 6928, IS 
8283, IS9146, IS 9249, IS 18758, M 35610, A 2267-2 and 

ICSV 247. Hybrid seed parents such as ICSA/B 260 and 

ICSA/B 295 were also found to be tolerant to anthracnose 

(Reddy et al., 2007). Boora et al. (1998) identified markers 

linked to a recessive gene conditioning anthracnose 

resistance. Panday et al. (2002) used bulk segregant analysis 

to identify two RAPD markers linked to anthracnose 

resistance in sorghum accession SC326-6 and found to 
segregate as simple recessive trait when crossed with 

BTx623, a susceptible cultivar. Singh and Boora (2008) used 

bulk segregant analysis for mapping of resistance genes by 

RAPD and SSR markers. Perumal et al. (2009) identified an 
AFLP marker for resistance to anthracnose. Two SNP loci 

mapped on chromosome 6 co-localized with anthracnose 

resistance QTL mapped by Murali Mohan et al. (2010) and 

by Klein et al. (2001). 
 

Effects of genotype by environment interaction on 

resistance to anthracnose 

 
Several important and common traits are a composite 

reflection of multiple genetic and environmental factors 

(Vulsteke and van Eewijk, 2008). Sorghum is grown in 

diverse environments across the world. Despite its 

adaptability to diverse harsh conditions, the crop is very 

tolerant to environmental variation. This influences most of 

the economically important traits which are largely inherited 

quantitatively and delays selection process in breeding 
programmes. For quantitative traits such as yield the relative 

performance of cultivars often changes from one environment 

to another. Extensive research is required to identify 

genotypes that show minimum interaction with the 
environments, or possess greatest yield and resistance 

stability (Saeed and Francis, 1983). 

New varieties generally need to be tested at many locations 

and for several years before being recommended for a given 
zone. To achieve this goal, multi-environment trials form the 

core of varietal testing programs. Several studies have 

investigated the effect of years and/or locations on agronomic 

traits on grain sorghum genotypes (Ali, 2000). Hovny et al. 
(2005) reported that most of hybrids were earlier, taller, 

higher grain yield and heavier in grain weight than their 

better parent under different environments. Ezzat et al. (2010) 

reported stability on yield parameters in different 
environments in sorghum. Breeders must screen for 

resistance to anthracnose at as many environments as 

possible to ensure the stability of the resistance trait 

incorporated in the genetic material under investigation. 
Callaway et al. (1992) studied the effect of anthracnose stalk 

rot on grain yield and related traits and they reported that the 

yield reduction was dependent on the environment. The same 

results were reported in the study conducted by White et al. 
(1979) where the authors found that the significant yield 

reduction due to anthracnose stalk rot was highly dependent 

on genotype and environment. Rosewich et al. (1998) found 

that asexual reproduction at a location may give rise in a 
predominance of one race that is occasionally influenced by 

genetic drift and gene flow. Thakur et al. (2007) reported 

differential severity among the lines under study, years and 

locations.  Breeders must screen potentially resistant lines 
and hybrids in many environments to ensure that the 

resistance incorporated in their hybrids and cultivars is stable 

and durable across environments and pathogen race. There is 
need for comprehensive resistance for protection against 

different pathotypes in plant breeding programmes. 

Information on the genotype x environment interaction on 

both leaf and stalk anthracnose resistance and yield in 
sorghum is still limited.   
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Conclusion 
 

Sorghum is an important staple food crop for most 

communities in the developed and under-developed 
countries. The crop is not researched thoroughly compared to 

crops such as maize. Hence, its productivity is not 

encouraging. The low productivity is aggravated by biotic, 

and abiotic stress factors. Among the biotic factors, 
anthracnose is the most important. Breeding for resistance to 

anthracnose is being challenged by phyto-variability of the 

pathogen. Identification of durable resistance requires the 

screening of sorghum genotypes against multiple races of the 
pathogen at multiple locations. More studies are needed for 

determination of the environmental effects and stability of the 

resistance to anthracnose and yield. Future breeding activities 

should give considerations to untapped resistant genetic 
material and marker assisted selection to facilitate the 

screening of the large numbers of germplasm. 
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