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ABSTRACT 
 

The grain crop known as sorghum [Sorghum bicolor (L.) Moench], which belongs in the Poaceae 
family, is said to have evolved from Ethiopia or Sudan. This is a crucial crop for food security, 
especially within the tropical and semi-arid regions in African nations. By terms of long-term 
domestication and genetic diversity, this crop was native from Ethiopia.  
showed differences between the crop's cultivated and wild ancestors that gathered within the 
nation. Due to its enormous diversity of sorghum, which shows innate biological resistant to 
disease, dryness, and insects in addition to having large lysine content and excellent quality of 
grain, Ethiopia has become the world's top contributor of germplasm for the sorghum breeding 
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programmes. Ethiopian landraces referred to as "zera zera" sorghum and the generations that 
sprang of those were used in ICRISAT along with other nations' contemporary sorghum breeding 
programmes for hybrids creation. Sorghum is at present Ethiopia's second most significant cereal 
crop after the tef with regard to of its combined area covered and productivity, which means it's 
used to make injera. Sorghum genotype from Ethiopia is varied and has responded to a variety of 
rainfall conditions and elevations. Plant breeding starts with the characterisation and recognition of 
sorghum seeds that offer desired features for improved genetics. When contrast with field trial 
evaluation, DNA-based molecular markers and PCR-based methods were most effective in 
characterising and identifying sorghum genotypes which offer desired features since they are 
unaffected by duration or climate. The most economical method of increasing sorghum production 
for many applications is genetic enhancement. Gaining more knowledge about sorghum's genetic 
diversity could be extremely beneficial for improving the crop in terms of quality of food along with 
other crucial agronomic characteristics. Sorghums from the Ethiopian Centre of Crop Diversity have 
a vast amount of genetic variety. To effectively gather and conserve this genetic variety before it is 
overrun and lost, some serious work is required. 
 

 

Keywords: Sorghum; genetic diversity; genetic variability; genotype; germplasm. 
 

1. INTRODUCTION 
 

The fifth-most significant cereals crop farmed 
worldwide was sorghum [Sorghum bicolor (L.) 
Moench], a tropical cereal C4 type of grass that 
is cultivated and diploid (2n = 20). It is a tropical 
monocotyledon plant that is a member of the 
family Poaceae [1]. Because of its remarkable 
resistance to heat and stress from water as well 
as its outstanding capacity of photosynthesis, 
sorghum is known to be the "camel of crops" and 
is valued as a vital species in dry and semi-arid 
areas [2]. 
 

For a lot domesticated and wild agricultural 
species, involving sorghum, Ethiopia is 
recognised as one among the Vavilovian centres 
of origin, or diversity. Sorghum, which constitutes 
one in the cereal crops in which Ethiopia is 
recognised to be a centre of origin and/or 
diversity. In high-latitude regions, the landrace 
sorghum germplasm has frequently been the 
most readily available, well-suited materials [3]. 
Since both varieties largely grow in resonance 
with their wild and invasive cousins in the 
majority of Ethiopia's sorghum-growing regions, 
namely on the south-eastern and south-western 
regions of the nation, there's a larger likelihood 
that genetic material interchange will take place 
among the wild and cultivated sorghum [4]. A 
higher level of genetic variety in a species is 
frequently interpreted as an indicator of that 
species' capacity for environmental adaptation. 
Ethiopia is the world's sixth-largest producer of 
sorghum, accounting for 16.4% of the total 
overall yearly output of cereal grains and is 
placed third in terms of productivity and total area 
covered. Ethiopia's current national average 
sorghum production is 2.5 tons/ha [5].  

According to Admas and Tesfaye [2], sorghum is 
indigenous to Ethiopia and possesses a great 
variety of genes, as demonstrated by several 
landrace collections established inside the 
nation. In semi-arid Africa, this is perfectly suited 
to a variety of ecological circumstances. 
Ethiopia's middle and lowlands are where it is 
mostly grown. It is more resilient to dry and hot 
weather than the majority of Ethiopia's planted 
crops. Sorghum is cultivated to grow its grain, 
which can be utilised to make food and regional 
drinks. These days, the stalk itself is utilised as 
well as biofuel and an alternative source of feed 
for animals. The typical yield is trending lower, 
though [6-9]. 
 

The crop germplasm with the highest diversity 
offers more room for development in terms of 
climate tolerance and obtaining superior 
agricultural characteristics unique to the crop 
species. The promise of food supply                     
in any given nation greatly depends on the 
identification and selection of the finest                    
cultivars from this enormous biodiversity                    
that fulfil particular local dietary and industrial 
needs [10]. 
 

Varietal development requires genetic variety 
within current populations. The current and next 
plant breeding initiatives have a higher focus on 
germplasm gathering and characterisation due to 
a shortage in genetic variety that causes the loss 
of genetic diversity [11]. Understanding a crop's 
diversity in genes often aids in the breeding 
program's parental selection process and 
facilitates the introduction of genes from 
somewhat related germplasm. The greater the 
varied genetic makeup or according to 
Elangovan and Babu [12], accession numbers 
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could be mated to create better hybrids that are 
resistant to both biotic and abiotic stressors. It 
will become easier to modify sorghum's genetic 
structure going forward if its rich genetic variety 
is recognised.  

 
The crop species genetic variety was a gift from 
environment that results from geographic 
isolation or genetic obstacles to cross-pollination. 
Traditional techniques for evaluating genetic 
diversity include morphological characteristics 
[13]. In most cases, morphological tests don't 
need complex tools or advance preparation. In 
overall, scoring them is easy and affordable. 
These readily apparent quantitative 
morphological characteristics are a helpful tool 
for first assessment since they provide a quick 
and practical method for determining the degree 
of variety. Several investigations have been 
conducted over time to estimate genetic diversity 
in farmed sorghum through the use of physical 
features. The most popular method for estimating 
connections among genotypes is through the 
application of morphological features. A possible 
and ongoing basis for the creation of enhanced 
crop varieties is the genetic diversity of both 
farmed species and varieties and the wild 
equivalents [14]. 

 
Gaining more knowledge about sorghum's 
genetic diversity might be very beneficial for 
improving the crop in terms of quality of food 
along with other crucial agronomic 
characteristics. Consequently, it is necessary to 
assess the genetic diversity of the accessible 
additions and determine which ones are most 
suitable based on what they did [46]. The 
Ethiopian Biodiversity Institute gene bank 
contains approximately 11,353 sorghum 
accessions that have been gathered and 
preserved. Of these, 8,913 accessions have 
been characterised by breeders of plants and 
other researchers, and 2,440 more sorghum 
accessions have not yet been examined to 
identify their possibly beneficial features [15]. As 
a result, the purpose of writing this review was to 
evaluate the genetic variability, path analysis and 
divergence of sorghum. 

 
2. REVIEW OF LITERATURE 
 
Sorghum originated and is most diverse in 
Ethiopia (Vavilov, 1951). Around 5000 and 7000 
years ago, in what is now known as Ethiopia, 
sorghum evolved in Africa [16]. Subsequently, it 
was dispersed throughout the Middle East and 

Africa's trading and transportation routes. 
Approximately 3000 years ago, east to India. 
After that, it travelled to China via the Silk Road 
[17]. By the slave trade, it was initially brought to 
the Americas in the 1700s–1800s from West 
African countries. In the latter part of the 
nineteenth century, it was once again brought to 
Africa to use for commercial cultivation, and it 
eventually expanded to South America as well as 
Australia [43].  

 
Nowadays, arid lowland regions of Africa, Asia 
(including China and India), the Americas, and 
Australia are home to a large population of 
sorghum growers [17]. This crop holds significant 
financial, social, and cultural value, and is 
cultivated throughout many biological areas in 
Ethiopia, spanning from 400 to 3000 metres 
above sea level. In 2007 [44]. Because of its 
resistance to drought, sorghum is a special kind 
of cereal crop that grows well in lowland settings 
[18]. 

 
2.1 significance of Sorghum 
 
Ethiopia and the neighbouring Eastern regions of 
Africa are the birthplace and domestication 
centres of Sorghum [Sorghum bicolor (L.) 
Moench], a C4 tropical crop that coexists 
alongside its farmed and wild relatives [19]. 
Sorghum is a crop that can tolerate droughts 
better than other cereals and can survive poor 
fertility in the soil [45]. Over 500 million 
individuals in the poor globe, mostly in the thirty 
countries of sub-Saharan Africa and Asia, 
depend on it as their primary crop [20]. However, 
in the industrialised world, it is additionally grown 
as a feed crop. Furthermore, because of its high 
biomass output and excellent water usage 
efficiency, sorghum is a favoured feedstock for 
the manufacturing of biofuels [21].  

 
The geographical distribution of sorghum has 
exhibited a heterogeneous pattern worldwide. 
Although the cultivation area of sorghum has 
consistently decreased annually, primarily in the 
United States, China, and India, it has been 
steadily increasing in most African countries, 
particularly those in Sub-Saharan Africa, as well 
as the nation of Australia [22]. Over the last forty 
years, sorghum production has improved by 1 to 
4% annually in various nations, such as China, 
Australia, and the United States [22]. Sorghum's 
greater efficiency has kept up overall output, 
making it the world's fifth-most significant cereal 
crop in terms of total production of grains [20]. 



 
 
 
 

Reddy and Pitha; J. Exp. Agric. Int., vol. 46, no. 8, pp. 49-62, 2024; Article no.JEAI.119918 
 
 

 
52 

 

According to FAOSTAT [23], 2.7 percent of the 
top five main cereal grains produced worldwide 
throughout the last ten years have come from 
sorghum production.  
 
Better cultivars and enhanced methods of 
management have led to an improvement in 
sorghum production. Many industrialised plus 
some developing nations have seen production 
gains thanks to the deployment of hybrid crop 
varieties with better management [20]. According 
to Rakshit et al. [22], improved cultivars, 
particularly hybrids, have been planted in over 85 
percent of sorghum cultivation areas in China 
and India, while hybrids currently make up the 
entirety of the sorghum cultivation region in the 
USA and Australia. Many nations have seen 
increases in sorghum production as a result of 
the adoption of hybrids; for example, output has 
improved by 2. percent year in India and by 3.9% 
annually in China [22]. 
 

2.2 Sorghum's Significance in India 
 
Sorghum, often referred to by the name "jowar" 
in India, is an important staple crops that is 
appreciated because of its resistance to drought 
and adaptability as a food source, animal feed, 
and commercial material of manufacture, 
especially in semi-arid settings [48]. Madras, 
Karnataka, Telangana, Andhra Pradesh, and 
Tamil Nadu are the states where sorghum is 
grown most commonly in India, which is one of 
the world's biggest producers of the grain [49]. 
Geographical variations, farming methods, and 
environmental factors all contribute to production 
variances. Environmental factors, fertility of the 
soil, farming methods, consumer demand, and 
government regulations are some of the factors 
that impact productivity as well as output [50]. 
Development of high- yielding and drought-
resistant cultivars, encouragement of improved 
agronomic techniques, and government 
programmes assisting farmers are the main 
focuses of current attempts to increase sorghum 

production [51]. Notwithstanding its significance, 
sorghum farming confronts obstacles like a 
shortage of facilities rivalry with different crops, 
and changes in the climate [52]. Possibilities for 
increasing sorghum production and efficiency in 
the future include better extension services, more 
research and development, and supportive 
policies [53]. Sorghum is still important for the 
economy of rural India and food security, but in 
order to realise its full potential, these issues 
must be resolved [57]. 
 
Here is the national production data for sorghum 
in India over recent years: 
 
According to the most recent statistics, the yearly 
region under the cultivation of sorghum remains 
fairly constant, ranging from a 4.5 to 4.8 millions 
of hectares of land Production have been found 
to fluctuate among 3.8 and 4.4 million tonnes, 
and yields have been found to vary between 844 
and 917 kg per hectare, depending on factors 
such as soil fertility, methods of cultivation, and 
climate [59]. A significant portion of the country's 
production is guaranteed by the main 
contributing states, with Maharashtra being the 
top generator, next to Telangana, Karnataka, 
Tamil Nadu, and Andhra Pradesh [54]. Through 
enhanced agronomic techniques and commercial 
connections, government programmes like the 
National Food Security Mission (NFSM) and the 
Sub-Mission on Millets (SMM) seek to advance 
sorghum planting. Considering its significance, 
India's sorghum industry has difficulties due to 
poor infrastructure, competing with different 
crops, and rising temperatures. Notwithstanding, 
prospects exist for augmenting                             
productivity via the advancement of high-yielding 
and drought-tolerant cultivars, enhanced services 
for extension, and advantageous                    
governmental backing [55]. The rural economy of 
India and food security depend heavily on 
sorghum, therefore addressing these issues and 
realising its full potential would need 
concentrated efforts [56]. 

 
Table 1. Sorghum Production in India (2019-2023) 

 

Year Area (Million Hectares) Production (Million Tonnes) Yield (Kg/Hectare) 

2019-2020 4.7 4.2 893 

2020-2021 4.8 4.4 917 

2021-2022 4.6 4.0 870 

2022-2023* 4.5 3.8 844 
*Data for 2022-2023 are provisional 
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2.3 Genetic Variability in Sorghum 
 
2.3.1 Races and taxonomic classifications 
 
Up until recently, the genus Sorghum was 
thought to consist of between 20 and 30 species, 
which are divided in five categories: Stipo 
sorghum, Para sorghum, Eu-sorghum, Hetero 
sorghum, and Chaeto sorghum. Three species 
are recognised under the Eu-sorghum section: 
Sorghum halepense (L.) Pers., that is found in 
India; Sorghum propinquum (Kunth) Hitchc, 
which is situated in Southeast Asia; and 
Sorghum bicolor (L.) Moench, which is native to 
Africa [24]. All categorised under the Sorghum 
genus. Two rhizomatous species, S. halepense 
as well as S. propinquum, as well as most yearly 
grown, wild, and weedy sorghums were 
represented by De Wet's identified S. bicolor (L.) 
Moench. Every variety of S. bicolor, or the 
primitive species spread by seeds, including the 
exception of rhizomatous species, which 
reproduce by producing seeds as well and 
rhizomes. Three subspecies of Sorghum bicolor 
were identified: Sorghum bicolor sub sp. bicolor, 
Sorghum bicolor sub sp. drummondii, and 
Sorghum bicolor sub sp. verticilliflorum. The 
cultivated sorghums, which include Sudan grass, 
broom corn, sweet sorghum, and grain sorghum, 
are categorised as S. bicolor sub sp bicolor. 
 
According to their inflorescence type, grains, and 
legumes, all among the world's farmed sorghum 
species can be divided into five races: Durra, 
Bicolor, Caudatum, Kaffir, and Guinea; 
moreover, there are intermediary race that 
include all possible paired combinations among 
the fundamental race [24,25]. The blooms, 
grains, and the glumes of each race allowed for 
morphological differentiation. The race bicolor's 
grains is longer and is clasped by glumes, which 
can either cover the grain entirely or uncovered. 
In addition to being farmed on a small scale 
nearly everywhere in Africa, this race grows 
mainly to the west in the Rift Valley [58]. Guinea 
is mostly in West Africa, with Tanzania and 
Malawi serving as its secondary centres. When 
fully grown, the grain flattens dorso-ventrally and 
twists at 90 degrees among the glumes which 
are either the same length or longer than that of 
the grain itself. Asymmetry glumes that are at 
least 1⁄2 the length of a grains characterise the 
caudatum grains. In Uganda, Sudan, and east 
Nigeria, this type of race is the most common. 
East and Southern Africa are home to the 
majority of the Kafir people. With the glumes of 
varying lengths holding the grain, it exhibits 

symmetric grain. For Durra covers the driest 
regions of the continent west of the Sahara, with 
a predominance in Ethiopia [60]. House (1985) 
reported that the plant has a spherical grain and 
broad glumes. 
 
With the exception of Kaffir, Ethiopia is home to 4 
of the 5 sorghum races as well as wild forms 
[61]. On the basis of Ethiopian data, Stemler et 
al. [26] detailed and examined the variety of 
sorghum cultivated in Ethiopia including the 
races Bicolor, Durra, Durra-Bicolor, Caudatum, 
and Guinea. outdoors observations and sorghum 
collections. Ethiopia's geography and varying 
climate seem to have an impact on each race's 
geographical distribution patterns. Consequently, 
sorghum race Whereas caudatum race is mostly 
cultivated in warm, arid valley and lowlands 
savanna in the south and west of the country, 
durra is the main agricultural product of the 
eastern highlands area and the middle elevation 
terraces in the north. Ethiopia. In the 
southwestern highlands, where temperatures are 
lower and precipitation is more than that of the 
eastern and northern regions, the middle race 
Durra-Bicolor is more prevalent. On the other 
hand, the Rift Valley area is home to the majority 
of the Bicolor and Guinea races, which together 
account for a relatively minor portion of Ethiopian 
sorghum variety. 
 
These several panicle forms' disparate 
distribution is further demonstrated by qualitative 
morphological characterization studies 
conducted on Ethiopian landraces, foreign-
introduced lines of sorghum, and nearby Eritrean 
accessions. This demonstrated the adaptive 
importance of panicle form and compactness. 
Represented the patterns of dispersal of several 
sorghum races in Ethiopia. The distribution 
patterns of the various panicle forms in their 
research seemed to correspond with Ethiopian 
and Eritrean rainfall, humidity, and temperature 
trends. In Ethiopia, particularly in the more arid 
and hot districts of Hararge, Tigray, and Wello, 
compact as well as semi-compact panicle kinds 
were more common. In generally chilly and moist 
areas of Ethiopia like Wollega, Illubabor, Shewa, 
and Sidamo, there were a lot of loose panicle 
kinds with falling branches [10]. 
 
2.3.2 Variability in indian sorghum genotypes 

genetically 
 
Breeding programmes aiming at enhancing 
disease resistance, drought tolerance, yield, and 
other agronomic qualities depend heavily on the 
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genetic heterogeneity present in Indian sorghum 
genotypes. India has a vast array of landrace 
sorghum varieties that are bred historically, have 
distinct genetic characteristics, and are 
acclimated to the local environment. Several 
enhanced sorghum cultivars with increased 
production potential, superior quality, and better 
resilience to biotic and abiotic stressors have 
been produced by research agencies like the 
Indian Institute of Millets Research (IIMR) [62]. 
Drought tolerance is one of the most important 
genetic features; several genotypes of Indian 
sorghum thrive in arid places because of 
quantifiable trait loci (QTLs) that have been 
found. Furthermore, genetic heterogeneity exists 
for resistance to pathogens such as grain mould, 
anthracnose, and downy mildew, which prompts 
breeding initiatives combining several resistance 
alleles. There are attempts to improve grain 
protein density, iron, as well as zinc levels by 
biofortification, although nutritional quality varies 
as well. To detect and select desired 
characteristics, speed up breeding and increase 
efficiency, molecular approaches like marker-
assisted selection (MAS) along with genomic 
selection—which includes next-generation 
sequencing as well as genome-wide association 
studies (GWAS)—are widely utilised [63]. 
 
Organisations that handle genetic preservation of 
resources include the International Crops 
Research Institute in the Semi-Arid Tropics 
(ICRISAT), which collaborates internationally 
with other organisations, and the National 
Bureau of Plant Genetic Resources (NBPGR), 
that maintains a vast variety of sorghum 
germplasm. In order to generate high-yielding, 
climate-resilient cultivars that are also adaptable 
to marginal areas, breeding efforts must be 
ongoing due to challenges such soil salinity, 
developing disease and insect pressures, and 
climate change. Indian sorghum genotypes 
possess a great deal of genetic variability, which 
presents a great opportunity for breeding 
programmes that target improving traits like yield, 
stress tolerance, and nutritional quality. To fully 
utilise this variability and address future 
agricultural challenges, sophisticated molecular 
methods and conservation approaches are 
crucial [64]. 

 
Nine sorghum genotypes were assessed for five 
quantitative characteristics, including plant height 
(cm), leaves/plant, leaf length (cm), leaf width 
(cm), and green fodder output (t/ha), in Andaman 
and Nicobar Island during the rabi conditions (dry 
season). For each of the five characteristics 

under investigation, the analysis of variance 
revealed very significant variations between the 
kinds. The variety CSV24SS was determined to 
be the most promising based on the average 
fodder yield performance; it was followed by CHS 
22SS and CHS 13 [63]. Regarding the estimated 
genotypic and phenotypic coefficient of variation, 
the values for leaf width, leaves per plant, leaf 
area, leaf stem ratio, and green fodder yield were 
high, while the values for leaves length, 
internode length, stem girth, total soluble solids, 
and protein content were moderate (10–25%), 
and the values for days to 50% flowering were 
low (<10%) [27]. 

 
40 genotypes of fodder sorghum were used in 
the experiment. The current study demonstrated 
that forage sorghum exhibits significant levels of 
GCV, PCV, heritability, as well as genetic 
progress as a percentage of mean for a variety of 
features, including leaf: stem ratio, the number of 
leaves per plants, green fodder production per 
plant, stem width, as well as dry matter yield per 
plant [65]. demonstrated a higher proportion of 
genotypic and phenotypic variance than 
environmental variance, indicating that the 
population's characteristics were genetically 
regulated and might be used in breeding 
initiatives. For the majority of the characteristics, 
strong genetic advancement as a percentage of 
mean and high heritability were observed [28]. 
strong genetic advancement as a percentage of 
mean and high heritability were noted for the 
majority of the characteristics [56]. 
 
Eighty sorghum land races were gathered, and 
their genetic variability was evaluated. High PCV 
along with GCV were measured for the overall 
height of the plant, but moderate leaf length and 
width were found. Significant PCV with moderate 
GCV were detected by the trait stem diameter 
[66]. The purpose of the study was to assess 33 
genotypes of sweet sorghum, including two tick 
variants, for various yield and sugar-related 
characteristics. Every character in the research 
had a significant difference, according to the 
analysis of variance. For the majority of the 
features in the genetic variability research, there 
was a higher phenotypic coefficient of variation 
(PCV) then genotypic coefficient of variation 
(GCV), suggesting the presence of an 
environmental influence. High PCV and GCV 
were observed for stem girth, nodes each plant, 
juice content, biomass weight, the cane weight, 
total soluble solids, and total sugars. Moderate 
PCV along with GCV were reported for plant and 
cane heights [46]. 
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2.3.3 Genetic Variability of Sorghum in a 
Worldwide 

 
Recognition and description of genotypes in 
sorghum in order to enhance genetics, plant 
breeding efforts must first bestow significant 
features. Details of the main global sorghum 
collections including breeding lines, which 
together comprise more than 150,000 
accessions, were provided by Kimber et al. [29]. 
morphological Sorghum's diversity has been 
exploited to create global fundamental 
collections, which stand in for global collections 
and are useful for the breeding of plants [30]. 
However, the usefulness of morphological 
features for characterising and analysing the 
variety of germplasm collections is limited by the 
time needed for phenotyping as well as the 
influence of environmental factors on trait 
expression. The development of many DNA-
based molecular markers system has made it 
possible to efficiently organise and characterise 
an enormous amount of genotypes with no taking 
seasonality into account. The first DNA marker 
system discovered that could distinguish 
between homozygote and heterozygote loci was 
hybridization-based RFLPs (Restricted Fragment 
Length Polymorphism) markers [31]. For 
research on genetic diversity in a variety of 
crops, including sorghum, RFLP markers are 
being employed. However, because to its 
technological complexity, the RFLP markers 
system is not recommended for low-cost, 
screening with high throughput. Developed in 
1983, [67], polymerase chain reaction, or PCR, 
technology offers a novel way to boost sample 
throughput along with sample cost for markers 
screening.  
 
PCR-based marker systems include amplified 
fragment length polymorphism (AFLP), simple 
sequence repeats (SSRs), random amplified 
polymorphism (RAPDs), and ISSRs (Inter Simple 
Sequence Repeats) [68]. These systems have 
been extensively employed in numerous studies 
on a variety of crops, including sorghum [3]. 
Being dominant markers, RAPD and AFLP are 
unable to distinguish between homozygous and 
heterozygous loci. Furthermore, it has been 
demonstrated that these marker types are time-
consuming and have poor reproducibility among 
laboratory [69], both of which have reduced their 
usefulness.  
 
Yet, the uses of SSR markers are limited to 
certain crops since they need sequence data and 
the creation of polymorphic markers may be 

costly and time-consuming [68]. The uses of 
PCR-based and hybridised markers for sorghum 
are numerous. According to a current genetic 
variability investigation utilising SSR markers on 
a worldwide standard set of sorghum genotypes, 
landraces coming in Africa had the highest 
variability, with Eastern African genotypes having 
the most polymorphic alleles, which next to 
western African genotypes . Using several DNA-
based markers, researchers have also examined 
genetic diversity and the genetic foundation of 
racial groups in sorghum [32]. The agreement 
among racial groups based on physical features 
has been shown in earlier research. Moreover, 
with the sole exception to the bicolor race, the 
clustering of sorghum genotypes was based on 
genetic distance determined by molecular 
markers, which similarly represented the 
geographic distribution of sorghum [32]. 
Comparing the bicolor racially type to the other 
four races, it was discovered that they were most 
basic and diversified, whilst the kafir race 
showed the least genetic variety [47]. It has also 
been documented that breeding lines utilising 
SSR markers may be derived from several 
groups of sorghum entry and inbred lines [3].  
 
Next-generation sequencing (NGS) methods 
have recently become available, opening up new 
possibilities for whole genome or focused area 
sequencing and resequencing. In order to find 
polymorphic markers when genotyping utilising a 
high-through sequencing techniques at a cheap 
cost per data point, genotyping by sequencing, or 
GBS, has been established [63]. Current 
repeated sequencing of several sorghum 
genotypes showed unexpected genetic variability 
that may be helpful for efforts aimed at genetic 
improvement as well as the structure of 
genotypes according to racial grouping. 
Furthermore, genome-wide markers produced by 
GBS have been used to sorghum for the purpose 
of diversity analysis and comprehending the 
genetic foundation of complex characteristics 
and adaptability [52]. 
 

2.4 Correlation and Path Analysis of 
Sorghum 

 
2.4.1 Correlation and path analysis 

importance 
 
Important statistical methods in agricultural 
research, especially in crop genetics along with 
breeding, are correlation and route analysis. 
Understanding the magnitude and trajectory of 
the link among multiple factors is crucial for 
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determining how yield relates to different 
agronomic features like drought tolerance, plant 
height, and grain size. Correlation analysis can 
help with this. This knowledge helps pick 
features that are highly connected with yield, 
which helps breeders indirectly increase yield in 
situations when selective breeding is difficult 
because of environmental uncertainty [41]. 
 
Correlation analysis also streamlines breeding 
programmes by reducing the number of 
characteristics to concentrate on, which saves 
time and money. By breaking down the 
coefficients of correlation into the direct and 
indirect impacts of predictor factors upon a 
response variable, path analysis expands on 
correlation analysis and offers a thorough 
knowledge of the ways in which different qualities 
affect yield. By separating characteristics with 
true causal associations with yield from those 
that are associated because of their linkage with 
other qualities, it aids in identifying the most 
important features and prioritises them in 
selection programmes. Path analysis also makes 
it possible to model intricate interactions between 
a variety of variables, providing insights into the 
physiological and genetic processes that underlie 
yield production. These methods are used in the 
context of sorghum breeding to increase yield, 
comprehend the effects of drought tolerance 
traits both directly and indirectly, improve 
nutritional traits such as grain protein content, 
iron, alongside zinc levels, and find correlations 
among disease resistance as well yield, which 
helps select disease-resistant varieties without 
sacrificing yield [54].  
 
In general, correlation with path analysis assist 
discover important qualities for selection, 
increase the effectiveness of breeding 
programmes, and offer a greater knowledge of 
the links between different traits and yield. 
Through the application of these strategies, 
researchers may enhance the nutritional quality, 
stress tolerance, and yields of crops such as 
sorghum, eventually promoting agricultural 
sustainability along with food security [65]. 
 
2.4.2 Correlation and path analysis in indian 

sorghum genotypes genetically 
 
Aruna et al., 2015 found that in a research of 
forage sorghum improvement, there was a 
significantly substantial correlation between fresh 
fodder output and dry fodder yield. Therefore, in 
the following studies on association and 
combining ability, only fresh fodder yield was 

used. The number of leaves per plant, plant 
height, days to 50% blooming, and feed yield 
were all correlated. Utilising rabi sorghum 
advanced breeding lines, the experiment 
examined the relationship between yield and its 
constituent characteristics as well as the direct 
and indirect impacts of features on yield. 
According to association studies, plant height at 
both the phenotypic and genotypic levels 
significantly positively correlated with seed yield 
per plot [33]. A correlation analysis showed that 
there was an inherent relationship between the 
examined traits, with genotypic correlation being 
higher than phenotypic correlation. At the both 
the genotypic as well as phenotypic levels, the 
amount of green forage produced by each plant 
was extremely important and exhibited a positive 
association with stem width, leaf in length. leaf 
width, as well as dry matter output per plant. 
These traits might be thought of as crucial 
sorghum yield components [34]. 
 
The amount of dry and green feed produced by 
each plant was positively and significantly 
correlated with the measured plant height, stem 
girth, and leaf length. Plant height, the quantity of 
leaves on each plant, and leaf length all showed 
a positive and significant correlation with leaf 
breath. Plant height, number of leaves per plant, 
stem girth, and dry fodder production per plant all 
had a strong direct impact on the amount of 
green fodder produced by each plant, according 
to the path coefficient analysis, which also 
showed a positive and significant relationship 
[35]. While HCN content showed a negative 
significant correlation with green forage yield per 
plant, other plant characteristics such as plant 
height, 50% flowering, leaf number, leaf width, 
leaf length, and crude protein yield per plant all 
showed positive and significant relationships with 
this yield. According to path analysis, the number 
of leaves per plant, tiller count, leaf length, leaf 
stem ratio, and thickness were the factors that 
significantly influenced the yield of green forage, 
followed by the crude protein output per plant, 
days to 50% blooming, and left length [36].  
 
40 sorghum genotypes with respect to grain 
yield, forage, and other attributes. The genotypic 
levels correlations are significantly bigger than 
the phenotypic level correlations. The study 
found a strong and positive relationship between 
several plant characteristics, such as height of 
the plant, stem width, the number of leaves per 
plant, days till blooming, and length and width of 
leaves, and the amount of dry feed produced by 
each plant. Overall genotypic path coefficient 
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evaluation revealed that the total number of 
leaves per plant, leaf breadth, leaf length, and 
days till blooming all had significant and positive 
direct effects on the amount of dry feed produced 
by each plant [37]. In 47 germplasm lines, the 
correlation of the characteristics along with their 
effects both direct and indirect were examined. 
The results of the association research showed a 
positive and substantial link between the number 
of grains in the primary panicle, plant height, 
panicle breadth, and seedling vigour and the 
grain production per plant in the days till 50% 
blooming [38]. Dual variety sorghum genotypes 
were investigated using correlation along with 
path coefficient investigations. Thus, the goal of 
this research was to find correlations and path 
coefficients among green fodder production, 
stover production, yield of grains, and quality 
attributes [39]. 

 
2.5 Genetic Diversity in Sorghum 
 
2.5.1 Importance of genetic diversity in India 
 
Sorghum's genetic diversity in India is important, 
indicating its lengthy history of agriculture and 
adaptability to varied agro-ecological zones, as 
well as is critical for breeding programmes 
aiming at increasing yield, resiliency, and 
nutritional value. India has a vast collection for 
sorghum landraces as well as traditional cultivars 
that have developed over ages, exhibiting a wide 
variety of characteristics like as tolerance to 
drought, resistance to disease, and nutritional 
quality. Furthermore, the existence of wild 
cousins of sorghum in India adds to the genetic 
diversity by providing unique features that might 
boost the resilience and adaptation of cultivated 
forms. Research institutions, which include the 
Indian Institute of Millets Research (IIMR), 
developed multiple enhanced sorghum varieties 
that are grown for higher yield, higher quality, 
and greater resilience to biotic and abiotic 
challenges, therefore increasing the genetic pool 
[40].  
 

Drought tolerance, which includes multiple 
quantitative trait loci (QTLs), resistance to key 
sorghum diseases such as downy mildewing, 
anthracnose, and grain mould, as well as 
substantial variations in nutritional characteristics 
such as grain amount of protein, iron, and zinc 
levels, constitute all helpful reproduction targets. 
advanced molecular and genomic tools, such as 
marker-assisted selection (MAS), selection for 
genomes with sequencing of the next generation, 
as well as genome-wide association studies 

(GWAS), are frequently utilised to find and 
choose desirable traits, thus speeding up the 
breeding process and increasing efficiency. 
Conservation initiatives by institutions that 
include the National Bureau of Plant Genetic 
Resources (NBPGR) as well as international 
collaborations with organisations like as the 
International Crop Research Institute for the 
Semi-Arid Tropics, or ICRISAT, ensure the 
genetic diversity's preservation and use [41]. 
However, concerns like as climate change, 
developing diseases and pest pressures, and 
abiotic factors such as soil salinity necessitate 
ongoing breeding efforts to generate climate-
resilient and high-yielding cultivars while 
retaining flexibility in marginal conditions. As a 
result, India's sorghum genetic variety is a 
precious asset that, via targeted breeding and 
conservation initiatives, may assist address 
future agricultural problems, assuring food 
security as well as agricultural sustainability. 
 
To classify sorghum genotypes, morphological 
divergence was assessed using Mahalanobis 
generalised distance (D2) analysis. Variations 
were noted regarding the number of days till 50% 
blooming. Days till maturity, plant height, quantity 
of seeds per panicle, 100-seed weight, and grain 
production per plant. Grain yield was highest 
(124.95g) in genotype BD-755 and lowest 
(4.50g) in genotype BD-736 [5]. I made an effort 
using D2 statistics and the tocher approach, with 
25 selected small central accessions and 16 
potential variety divided into six and five clusters, 
respectively. Selected micro core selection 
showed a wide range of seed hardness, from 
hard (33.33%) to extremely hard (66.67%), which 
is the principal source of enhancement variation, 
whereas successfully release varieties had 
seeds that seemed spherical and glossy (62.5%) 
[34]. 
 
Sixteen Sorghum genotypes were tested in a 
Randomised Block Design using three 
replications. The study's goal was to quantify 
genetic divergence across yield and yield-related 
components using the Mahalanobis D2 
approach. The observations were made for 13 
different features, and the findings showed that 
seven distinct clusters were formed. Cluster I 
was the largest and had the most genotypes (9), 
next to cluster IV (2), while clusters II, III, V, VI, 
and VII only had one genotype apiece (Pal et al., 
2022). A randomised block design was used with 
three replications to assess the genetic 
divergence within 30 sorghum genotypes over 14 
characters in order to identify genetic diversity 
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via D2 analysis as well as principal component 
analysis. D2 values varied among D2 = 80.0061 
while D2 = 3471544.8770, indicating high                  
genetic divergence among the genotypes. Based 
on the D2 values, 30 genotypes were                   
classified into seven clusters [42]. 
 

Plant survival and agricultural improvement are 
both dependent on genetic diversity. Plant 
genetic diversity allows breeders to create 
cultivars with desired qualities, such as high 
production potential and huge size. Breeder-
preferred features include pest and disease 
resistance, photosensitivity, and so forth [43]. 
Crop species' natural genetic variety has been 
used to fulfil subsistence food needs from the 
beginning of agriculture. Later, the focus moved 
to producing excess food for expanding 
populations. Currently, the focus is on                
improving the productivity and quality of 
important food crops to ensure a balanced diet 
for humans [15]. 
 

3.  CONCLUSION AND RECOMMENDA- 
TION 

 

The challenge for new plant breeders is to 
generate enough genetic variety to continuously 
improve genetic yield potential. Plant breeders 
may use exotic non-adapted material, exotic 
adapted material, or current elite material as a 
source of novel alleles to safeguard and promote 
genetic gain via selection. Plant breeding poses 
a difficulty in feeding a growing population on 
limited land. Current plant breeding has seen 
considerable progress in this direction. However, 
this has led to genetic fragility due to the limited 
genetic diversity of cultivated variants in many 
crops. Hence, there There is a need for a 
paradigm change in plant breeding to focus on 
different genetic resources. Genetic diversity has 
been identified as a key factor in ensuring 
security of nutrition and food. Gaining a better 
grasp of genetic diversity can guide conservation 
efforts. Crop plant genetic diversity enables 
sustained creation of new types. To effectively 
utilise heterogeneous genetic resources in 
breeding programmes, it is necessary to 
characterise them using various statistical 
approaches. Morphological data combined with 
molecular data are used to precisely characterise 
germplasm resources. High throughput 
molecular marker technologies enable                    
faster and more efficient characterization of 
germplasm. 
 
The Indian Centre of Crop Diversity has a vast 
amount of genetic diversity in sorghum. 

Collecting and preserving genetic diversity is 
crucial to prevent it from being wiped out by 
uniform variations and contemporary 
technologies. 
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