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ABSTRACT 

Limited information exists regarding the diversity of tiger nuts (Cyperus 

esculentus L.) in Ghana, hindering potential improvements. To address this gap, 

an assessment of genetic diversity was conducted using 11 morpho-descriptors 

and nine simple sequence repeat (SSR) markers to explore variability among 

and within the accessions to provide valuable insights for further breeding 

through mutagenesis. A total of 42 accessions were collected from major tiger 

nut growing areas in Ghana and these were planted in the field using a 

randomized complete block design (RCBD) with 3 replications. The results 

from the field characterization showed significant differences among the 

accessions for some traits studied. The use of SSR markers demonstrated high 

mean polymorphism of 0.78. 

UPGMA cluster analyses of both morphological and molecular data indicated 

low genetic variability within the accessions. Four high-yielding accessions 

were identified for potential improvement through mutagenesis. Subsequently, 

400 tubers of the four genotypes (two brown and two black tuber-producing) 

underwent treatment with ethyl methanesulfonate (EMS) and colchicine at 

various concentrations. Analysis of quantitative data revealed LD50 and RD50 

values for mass treatmeant of tiger nut tubers with the mutagens. 

Subsequently, 600 tubers of the four selected genotypes were mass-treated with 

EMS and colchicine mutagens following the LD50 and RD50 values determined, 

and were field-planted for M1V1 to M1V4 generations. Twenty-one mutants 

have beeen identified for breeding enhancement and possible varietal release. 
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CHAPTER ONE 

INTRODUCTION 

Background of the Study 

Tiger nut (Cyperus esculentus L.) is a valuable subterranean crop renowned for 

its exceptional nutrition, belonging to the perennial sedge family. Despite being 

relatively underutilized in Ghana; its popularity is gradually on the rise due to 

its numerous advantages. Tiger nuts are known by various names such as 

‘chufa’, ‘atadwe’, nutgrass, earth almond, water grass, rush nut, yellow 

nutsedge, and northern nutgrass (Shilenko et al., 1979; Bazine & Arslanoğlu, 

2020). The origin of Cyperus esculentus is somewhat uncertain. While some 

propose that it is indigenous to Africa and tropical Asia (Acevedo-Rodríguez & 

Strong, 2012; DAISIE, 2014), others suggest its presence in Europe and North 

America (Govaerts, 2014; USDA-ARS, 2014), followed by its global dispersal 

(Holm et al., 1977). 

In Ghana and other African nations like Nigeria and Sierra Leone, tiger nuts are 

available in fresh, semi-dried, and dried forms in local markets. These forms are 

consumed without cooking. Cyperus esculentus is primarily cultivated for both 

its dietary and feed value. 

This robust plant, characterized by erect growth from perennial tuber-bearing 

rhizomes, produces fibrous roots and reaches heights of 30-90 cm. It generates 

seeds and extends runners above the ground through slender rhizomes (Walia, 

2014). The underground stems give rise to tubers, which come in black, brown, 

and yellow hues, holding significant economic importance. These tubers (nuts) 

serve as sources of nourishment, sustenance, medicinal applications, and 
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fragrances (De Vries, 1991; Gambo & Da’u, 2014). They can be consumed 

dried, raw, roasted, baked, or transformed into refreshing beverages like 

'Horchata De Chufa' (in Spain), 'kunnu aya' (in northern Nigeria), and 'atadwe 

milk' (in Ghana) (Ankomah, 2022; Twumasi et al., 2023). 

Rich in nutritional content, the tiger nut tuber has abundant starch, dietary fiber, 

digestible carbohydrates (monosaccharides, disaccharides, and 

polysaccharides), protein (7–8%), fiber (8–10%), vitamins (C and E), and 

essential minerals (sodium, calcium, potassium, magnesium, zinc, and traces of 

copper) (Sanful, 2009). These components make it a nearly complete nutritional 

package. Approximately, the tuber contains 26–30% starch and 21–25% fat, 

contributing around 400–450 kcal per 100 g (Sánchez‐ Zapata et al., 2012). 

Medicinally, the tiger nut tuber functions as an aphrodisiac, a carminative, a 

diuretic, a stimulant, and a tonic (Bazine & Arslanoğlu, 2020; Kouame et al., 

2022). It contributes to the prevention of conditions such as colon cancer, 

coronary heart disease, obesity, diabetes, excessive thirst, and gastrointestinal 

disorders (Chukwuma et al., 2010; Sánchez‐ Zapata et al., 2012; Adebayo-

Oyetoro et al., 2017). Furthermore, it addresses issues like constipation, high 

blood pressure, and diarrhea (Oladele & Aina, 2007). 

Despite being an underutilized and relatively unexplored crop, tiger nuts have 

substantial export potential (Tetteh & Ofori, 1998). Thus, proper investment in 

its production could lead to significant foreign exchange earnings for Ghana. 

Ghana predominantly ships a significant portion of its tiger nuts to the United 

States, United Kingdom, and the Netherlands, and is the second-largest global 

exporter of the crop according to the Ghana Export Trade Data (GETD) (GETD, 
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2023). The export statistics reveal a consistent upward trend in both the volume 

and value of tiger nuts over the past two years, with Ghana exporting 1,800 tons 

valued at US$2,200,000 in 2022, and 2,100 tons valued at US$2,600,000 in 

2023 (Tridge, 2023). These figures underscore the promising potential for 

profitable investments in the production of tiger nuts in Ghana, as the demand 

for this product continues to grow in key international markets. 

Tiger nut cultivation in Ghana is concentrated in select regions, such as 

Northern, Bono Ahafo, Bono East, Eastern, Central, and Volta, where it 

provides approximately 85% of jobs for the youth and women (Tetteh & Ofori, 

1998; Donkor et al., 2019). 

Notwithstanding its nutritional, medicinal, and economic advantages, tiger nut 

remains relatively neglected (Donkor et al., 2019), partly due to its invasive and 

troublesome weed characteristics. Additionally, limited scientific and 

technological studies have been conducted to fully exploit its potential. 

Unlike other crops such as maize and cowpea, tiger nut cultivation has received 

limited attention for agronomic and breeding improvements. Few studies, 

especially in Ghana, have explored its production. In the Kwahu South District 

of Ghana, Tetteh and Ofori (1998) carried out a baseline survey to investigate 

tiger nut production. In a another study, Donkor et al. (2019) focused on 

characterizing local tiger nut accessions for the purpose of conservation and 

utilization. Additionally, Asare et al. (2020) conducted research on the 

phenotypic traits of tiger nuts from various significant growing regions in 

Ghana. 
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The findings from Donkor et al. (2019) demonstrated extensive diversity among 

24 genotypes for agronomic and yield-related traits. In contrast, Asare et al. 

(2020) indicated limited genetic variability among 64 genotypes for yield and 

phenotypic traits, suggesting that farmer-held accessions (landraces) remain 

unimproved. These studies have predominantly focused on morphological or 

phenotypic aspects, indicating the need for molecular profiling to validate and 

enhance breeding efforts (Akabassi et al., 2021). Presently, there is no 

germplasm repository or varietal release for tiger nuts in Ghana, leaving local 

accessions vulnerable to extinction over time. 

Effective germplasm collection, characterization, and preservation are vital for 

crop improvement, particularly for underutilized ones like tiger nuts (Ahmed et 

al., 2016). Landraces, in particular, offer significant genetic reservoirs, hosting 

traits like stress resistance, disease resistance, and beneficial agronomic 

characteristics. Preserving landraces is crucial to developing modern varieties 

suited to changing environments. Hence, concerted efforts should be made to 

collect and conserve landraces for future breeding endeavours. 

To harness genetic diversity effectively, understanding the genetic variations 

and relationships within and between germplasms is essential. This 

characterization aids in assessing breeding potential and promoting the optimal 

use of available genotypes ( Sikdar et al., 2010; Asare et al., 2020). Employing 

a combination of morphological trait evaluation and molecular genotyping is 

necessary to uncover genetic variability among tiger nut accessions. 

Morphological characterization relies on observable and heritable descriptors. 

Although straightforward and cost-effective, it has limitations, including time 
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and labor intensiveness, and susceptibility to environmental influences. In 

contrast, molecular markers like simple sequence repeats (SSR) , amplified 

fragment length polymorphisms (AFLP) , restriction fragment length 

polymorphisms (RFLP) , and single nucleotide polymorphisms (SNP)  have 

proven robust in distinguishing accessions (Kumar et al., 2009). SSRs, in 

particular, are widely used for diversity studies in crops due to their high 

polymorphism, repeatability, and cost-effectiveness (Guler & Imamoglu, 2023; 

Kaur et al., 2015). 

Enhancing on yield and other traits for variability within or among accessions 

such as landraces of which local tiger nut germplasms are not of exception, 

necessitates mutation breeding for a worthy genetic diversity. Induced 

(artificial) mutation breeding involves using physical and chemical mutagens to 

create genetic variation for selection and breeding (Novak & Brunner, 1992). 

These mutations offer unique germplasm for plant breeders, expanding the 

genetic pool beyond what is naturally available. Induced mutagenesis, both 

through physical means like gamma rays, X-rays, UV light, and particle 

radiation, and through chemical agents such as ethyl methanesulfonate (EMS) 

or base analogues, have been utilized since the early 20th century to introduce 

beneficial variations (van Harten, 1998). Gamma irradiation, a widely employed 

physical mutagen, has proven effective in inducing genetic diversity in 

numerous crops (Horn & Shimelis, 2013). 

Chemical mutagens offer advantages like higher mutation rates, specificity, and 

ease of application. Ethyl methanesulfonate (EMS) is a frequently used 

chemical mutagen, known for its efficiency and selectivity in creating mutations 

(van Harten, 1998; Girija & Dhanavel, 2009; Mba et al., 2010). Chemical 
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mutagenesis is a cost-effective and practical method, with fewer potential 

damaging effects compared to radiation-based mutagenesis (Poehlman, 1987). 

The introduction of mutations via mutagenesis plays a pivotal role in crop 

breeding, offering traits that may not naturally occur or that have been lost over 

time (Novak & Brunner, 1992). These induced mutations serve as a valuable 

source of genetic novelty, paving the way for improved varieties. 

Tiger nuts are an under-appreciated yet promising crop with remarkable 

nutritional, medinal, and economic potential. Despite its benefits, the crop 

remains relatively neglected and lacks in-depth research and development 

efforts. Utilizing both morphological characterization and molecular 

genotyping can unveil the extent of genetic variability and relationships within 

tiger nut germplasms. Mutation breeding, facilitated through induced 

mutagenesis, presents an avenue to enhance and diversify the genetic pool of 

tiger nuts, leading to the development of improved varieties with desirable 

traits. This approach could contribute significantly to maximizing the crop's 

potential, addressing food security, and promoting sustainable agriculture in 

Ghana and beyond. 

 

Statement of the Problem 

The cultivation of tiger nuts has been marginalized, resulting in the crop being 

largely understudied and underutilized in Africa, particularly, in Ghana. Despite 

being rich in nutritional, medicinal, and economic benefits, little attention has 

been dedicated to its breeding efforts. This lack of investment has led to a 

limited genetic foundation, impeding its potential for genetic progress. The 

current trajectory raises concern about the preservation of local germplasm 
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under the care of farmers, as the absence of germplasm resources and varietal 

releases contributes to their vulnerability over time. 

In contrast to other crops such as maize, rice, and cassava, tiger nuts have 

received minimal attention in terms of agronomic and breeding research in 

Ghana. Existing studies focused primarily on morphological or phenotypic 

characterization, and a survey for its production even in only one district, 

Kwahu South District conducted in 1998 by Tetteh and Ofori. Moreover, the 

size of the tubers in tiger nuts is notably small, further underscoring the need 

for decisive action. Again, the conventional approach of hybridizing tiger nuts 

presents unique challenges compared to other sexually propagated crops, 

primarily due to their restricted genetic variability, infrequent flowering 

behaviour, and dependence on tubers for reproduction (Ubi & Brisibe, 2021). 

To address these challenges, a proactive approach is required. There is a 

pressing necessity to undertake mutation breeding to enhance the genetic 

diversity of tiger nut genotypes, specifically aiming to achieve larger nut sizes. 

This endeavor is vital for bolstering production and facilitating improvement, 

thereby fostering a more robust and sustainable tiger nut industry. 

 

Research Objectives 

Main Objective  

The main objective was to creat genetic diversity that would contribute to the 

development and release of improved tiger nut for high yield and nutritional 

content using chemical mutagenesis. 
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Specific Objectives 

1. To assess the diversity among tiger nut accessions using yield and 

morpho descriptors. 

2. To determine the genetic diversity among tiger nuts using SSR markers. 

3. To establish the LD50 and RD50 values for Ethyl methanesulfonate 

(EMS) and colchicine among tiger nut. 

4. To select potential EMS and colchicine mutants with favorable traits for 

the tiger nut improvement.  

 

Hypothesis  

The following hypotheses were tested:  

1. There is no significant difference in genetic diversity among tiger nut 

accessions based on yield and morphological descriptors. 

2. There is no significant genetic variability and diversity among tiger nuts 

as revealed by SSR profiling. 

3. There is no significant difference in the LD50 and RD50 values for Ethyl 

methanesulfonate (EMS) and colchicine-inducing genetic diversity 

among tiger nut tubers. 

4. There is no significant difference (in yield, nut size, maturity, tuber 

integrity, and nutritional content) between the mutants and the original 

tiger nut accessions. 

 

Significance of the Study 

Tiger nut accessions cultivated in Ghana consist of landraces without any 

established varietal releases or germplasm repositories. To facilitate research 
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aimed at enhancing breeding improvements for these underutilized accessions, 

particularly within the Ghanaian context, it is imperative to actively collect, 

characterize, and induce mutations in these accessions to widen the genetic base. 

Conducting a thorough characterization study employing a blend of 

morphological descriptors and molecular genotyping has proven essential in 

uncovering and confirming the true extent of genetic variation and diversity 

present within the studied crop. This knowledge serves as a foundation for 

subsequent genetic enhancements. 

Presently, there exists a notable gap in terms of both information and practical 

application on molecular studies and mutagenesis within the realm of tiger nut 

breeding. This stands in contrast to other crops like rice, maize, cowpea, and 

cassava, wherein these methodologies have led to the development of multiple 

varieties, substantially ameliorating the economic attributes of these crops. 

The utilization of mutagenesis has emerged as a potent tool, particularly when 

coupled with advanced molecular biology techniques like molecular 

genotyping. This synergy holds immense potential for elevating the process of 

crop breeding, a prospect that holds even greater significance in the 

contemporary era marked by the looming challenge of global climate change 

(Jain, 2010).  

 

Delimitation 

This study examined the tiger nut accessions held by farmers in the major 

cultivation regions of Ghana, specifically the Northern, Upper East, Upper 

West, Bono East, Eastern, and Central regions, while excluding the Volta 

region. The Volta region was not covered due to the unavailability of planting 
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materials in the communities visited during the collection period, which 

coincided with the off-planting season. 
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CHAPTER TWO 

LITERATURE REVIEW 

Origin and Distribution 

There are four distinct wild varieties of tiger nuts, namely Cyperus esculentus 

var. esculentus, var. heermannii (Buckley) Britton, var. leptostachyus 

Boeckeler, and var. macrostachyus Boeckeler, originating from different 

geographic regions. Cyperus esculentus var. esculentus is indigenous to the 

southern Europe, Africa, and Asia (Schippers et al., 1995). Cyperus esculentus 

var. heermannii is limited to the southern USA but has also extended to the 

Netherlands since 1970 (Ter Borg & Schippers, 1992). Cyperus esculentus var. 

leptostachyus is found in both northern and southern America, with records in 

Europe since 1947 (Ter Borg & Schippers, 1992). Cyperus esculentus var. 

macrostachys is prevalent across Central America to the southern USA 

(Schippers et al., 1995). 

The origins of the cultivated variant, Cyperus esculentus var. sativus Boeckeler, 

remain uncertain. Some suggest it originates from Africa and tropical Asia—

while others propose tropical and subtropical regions spanning Africa, Asia, 

North America, and Europe (Acevedo-Rodríguez & Strong, 2012; Govaerts, 

2014). Historically, it is believed to have been cultivated for its tubers since 

Ancient Egypt, ranking as the third-oldest domesticated food crop (Defelice, 

2002). 

Tiger nut cultivation has gained global presence due to dispersal during the 

Arabian expansion (Holm et al., 1977). It thrives across continents, notably in 

Europe, the Americas, Asia, and Africa (Udeozor & Awonorin, 2014; Maduka 
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& Ire, 2018), including African nations like Nigeria, Burkina Faso, Cote 

d'Ivoire, and Ghana (Pascual et al., 2000). Tiger nuts have become sought-after 

for their nutritional and economic values, since they are used in various ways 

including preparation of snacks and beverages like 'Horchata De Chufa' and 

'atadwe milk' (Sánchez‐ Zapata et al., 2012). 

The adaptability of tiger nuts to diverse environments and their potential for 

sustainable cropping systems make them valuable in the face of climate change 

(Fahmy et al., 2014). Collaborative efforts can unlock their potential for food 

security and economic growth (Ezeh et al., 2014). 

In in a nutshell, tiger nuts have evolved from historical origins to global 

cultivation, contributing to agriculture and nutrition. Embracing their genetic 

diversity, coupled with advancements in breeding and biotechnology, holds 

promise for enhancing their potential amid current challenges (Rebezov et al., 

2021). The resilient and versatile tiger nut has a vital role to play in a more 

nourished and resilient future. 

Production and Economic Importance of Tiger Nut 

Tiger nut, a lesser-known and minimally researched cash crop, boasts a global 

presence, flourishing in both temperate and tropical regions. Its adaptability 

allows it to thrive in diverse soil and climatic conditions, contributing to its 

widespread cultivation across continents. The crop's economic significance 

resides primarily in its tubers, which are a storehouse of nutritional riches, 

including protein, carbohydrates, fiber, fatty acids, amino acids, minerals, and 

vitamins (Alogo & Ogbogo, 2007; Oladele & Aina, 2007). 
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Beyond its nutritional value, tiger nut tubers possess medicinal attributes, 

offering relief from ailments like indigestion, dysentery, diarrhea, bloating, and 

excessive thirst (Chevalier, 1996). Moreover, these tubers exhibit aphrodisiac 

properties, function as stimulants, and act as tonics, contributing to the 

mitigation of conditions such as colon cancer, coronary heart diseases, obesity, 

and diabetes (Chukwuma et al., 2010; Sánchez‐ Zapata et al., 2012). 

The nutritional potency of these tubers renders them not only a source of 

sustenance for humans and fodder for animals but also a means of generating 

foreign exchange through export, thereby bolstering a nation's economy. 

Tiger Nuts Production in the World 

The cultivation of tiger nuts spans across the entirety of the globe, with 

significant production occurring in various regions. Notably, tiger nut 

cultivation is prominent in Asia, East Africa, the Arabian Peninsula, and certain 

parts of Europe, particularly Spain (AbdelKader et al., 2017). The focal points 

of tiger nut production encompass the Mediterranean region, parts of Africa, 

India, North America, Mexico, Peru, and other locales (Rebezov et al., 2021). 

These distribution areas encompass regions such as Africa, (including, Nigeria, 

Ghana, Benin and Madagascar), Southern Europe, the Middle East and the 

Indian subcontinent (Sánchez‐ Zapata et al., 2012; Ezeh et al., 2014; Bazine & 

Arslanoğlu, 2020). 

Tiger Nuts Production in Africa 

The historical cultivation of tiger nuts traces back to North Africa, notably in 

Egypt, where it has been practiced since around 5000 BC (Allouh et al., 2015; 

Oyedele et al., 2015). Over time, this agricultural practice expanded its reach to 
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various corners of the globe. Presently, tiger nut cultivation is well-established 

in countries such as Ghana, Nigeria, Benin, Cameroon, Niger, and Sierra Leone 

(Sánchez‐ Zapata et al., 2012) primarily to utilize its tubers for both domestic 

consumption and export purposes. 

The tiger nut crop exhibits three distinct colour variations in its tubers: black, 

brown, and yellow. These colour types are present in the countries engaged in 

production. However, the specific types that are predominantly produced and 

marketed often depend on the preferences of the local consumers. For instance, 

in Nigeria, both the brown and yellow tuber types are readily available in the 

market year-round. Conversely, in Ghana, the primary focus lies on the 

production and marketing of brown and black tuber varieties (Asante et al., 

2014). This nuanced approach to cultivation reflects the diverse consumer 

demands and preferences across different regions. 

Tiger Nuts Production in Ghana 

Tiger nut cultivation in Ghana has taken on a commercial aspect, albeit limited 

to certain regions. The scale of commercial cultivation remains relatively small, 

typically ranging from 0.06 to 0.4 hectares. This is influenced by the labor-

intensive nature of tiger nut farming and its high yield potential, which can reach 

up to 11 tons per hectare (Tetteh & Ofori, 1998). Notably, the cultivation 

landscape is predominantly managed by women, as men have shifted their focus 

towards the production of crops like maize, rice, yam, and cassava. 

While tiger nuts thrive well as a monocrop, it is a common practice in Ghana to 

intercrop them with cassava, cocoyam, or maize (Tetteh & Ofori, 1998). 

Agricultural practices, including weeding and irrigation, are undertaken as 
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needed. Fertilization is sparingly employed due to consumer preferences; 

fertilized tubers are often rejected due to altered taste. In less fertile soils, 

occasional fertilizer application occurs (Atawodi et al., 2017; Ezeh et al., 2014). 

Harvesting takes place at maturity, usually around 2.5 to 3 months after 

planting, contingent on soil fertility and moisture levels. The harvested tubers 

are categorized into seed nuts for future planting and ware nuts for consumption 

(Tetteh & Ofori, 1998). Both types undergo thorough drying for preservation. 

Ware nuts undergo meticulous washing prior to drying for either sale or storage 

when a market is not immediately available. 

Farmers typically sell their produce, the tubers, to intermediaries who further 

distribute them within the supply chain, encompassing retailers, processing 

companies, and ultimately, consumers. The demand for tiger nuts is robust both 

domestically and internationally, contributing to its relatively high market value 

(Tetteh & Ofori, 1998). Ghana's tiger nut exports reach various countries, 

including the Netherlands, Germany, United Arab Emirates, Austria, Canada, 

United Kingdom, United States, and France. Table 2.1 provides insight into the 

trends of tiger nut exports from Ghana between 2014 and 2021, detailing 

quantities and corresponding monetary values (Tridge, 2022). 
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Figuare 2.1: Export trends of tiger nuts tubers by Ghana from 2014 to 2021.  

Source: Tridge (2022) 

 

Cultivation of Tiger nut 

Tiger nut cultivation thrives in regions characterized by an annual rainfall of 50 

to 100 mm, temperatures ranging from 22°C to 38°C, and relative humidity 

between 75% and 90%. Optimal soil conditions for cultivation involve sandy, 

moist soil rich in organic matter, with a pH range of 5 to 7 (Odubo et al., 2024). 

To ensure successful tuberization, it is essential to avoid poorly drained soils 

saturated with water and soil with high salinity levels (Bazine & Arslanoğlu, 

2020). 

The planting process involves preparing loosened soil through ploughing and 

harrowing, often forming ridges or mounds. Planting is carried out with a 
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spacing of 30 cm between rows and 15 cm within rows (Ayeni, 2022). Before 

planting, tubers undergo hydro-priming, a process where they are soaked 

overnight or for 24 to 72 hours to expedite germination. In the case of a 3-day 

soak, daily water changes are essential. This soaking method not only enhances 

germination rates but also aids in separating viable tubers from unviable ones, 

as unviable tubers tend to float in water. Emergence of the crop typically occurs 

within 5 to 14 days after planting (Asare et al., 2020). 

The crop reaches maturity within a span of 2.5 to 4 months after planting, 

encompassing a cultivation period of 10 months, usually spanning from March 

to December (Olagunju & Oyewumi, 2019). Physiological maturity becomes 

apparent as the leaves undergo browning and eventually dry out. Harvesting is 

carried out through excavation or digging, followed by the separation of tubers 

from the plant (Zhang et al., 2022). 

Constraints in Tiger Nut Production 

Cyperus esculentus contends with limited attention and cultivation on small 

land plots. The growth of tiger nut crops is hindered by inadequate application 

of mineral fertilizers, which, if used, results in tubers that fail to meet consumer 

preferences due to perceived unfavorable taste (Haoua et al., 2018). 

The process of cultivating tiger nuts, from planting to harvesting, is labour-

intensive and demanding (Haoua et al., 2018; Sakatai et al., 2020). The labour-

intensive nature becomes particularly pronounced during the manual harvesting 

phase, where the laborious extraction of numerous tubers from the soil and their 

careful separation from the plant is required (Qu et al., 2023). This manual 

harvesting relies on rudimentary tools like hoes, making the operation 
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challenging. Moreover, the risk of tuber detachment during harvesting further 

complicates the process, demanding meticulous effort and time to identify and 

collect dislodged tubers (Qi et al., 2022). 

Furthermore, mature tubers are susceptible to termite infestations, leading to 

reduced yields and posing a significant threat to tiger nut cultivation. The 

destructive impact of earthworms on tubers also poses a notable constraint for 

farmers in Benin (Adjahossou et al., 2021). 

The available tiger nut accessions for cultivation predominantly consist of 

locally unimproved landraces with no established varieties, resulting in issues 

such as low yields, cumbersome harvesting procedures, and limited 

marketability (Haoua et al., 2018). To address these challenges, focused 

breeding efforts are required to develop robust stolon structures that prevent 

easy detachment of tubers during harvesting (Tetteh & Ofori, 1998). 

Biology of Tiger Nut 

Morphology of tiger nut 

The fundamental chromosome number of tiger nut is denoted as n = 54, 

resulting in a diploid number of 108 (Hicks, 1929; Fedorov, 1969; Roalson, 

2008). This plant is characterized by its resilient, erect growth pattern, featuring 

fibrous roots and lacking branching (Figure 2.1). It attains a height ranging from 

30 to 90 cm. 

Tiger nut employs various modes of growth and reproduction, including seeds, 

tubers, and rhizomes (Mohdaly, 2019; Edo et al., 2023). The basal bulb and 

tubers serve as vital organs for vegetative propagation, supported by short-lived 

rhizomes. While these rhizomes may exhibit occasional branching, they do not 
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develop viable buds at their nodes and typically die out by the end of the 

growing season. Delicate runners are formed above ground from these slender 

rhizomes (Atawodi et al., 2017), leading to the production of tillers. 

The tubers emerge from the tip of the rhizome within the soil. The central stem 

of the plant which grows from the tuber is upright and has a tristicate protective 

sheafereth of leaves. The leaves mostly collate at the plant's base, arranged 

alternately and numbering around 9 to 16 per plant. They externally develop on 

the stem showing a bright green pigmentation with a waxy surface (Bamishaiye 

& Bamishaiye, 2011; Maduka & Ire, 2018). The leaf length ranges from 20 to 

90 cm growing pointedly to the tip with a basal width of 0.4 to 0.9 cm (Bazine 

& Arslanoğlu, 2020). The leaf sheaths are initially whitish-green and hairless, 

transitioning to a pale-red around the plant's base with aging, and eventually 

turning yellowish-brown shade at full maturity (Tetteh & Ofori, 1998). 

Seeds develop within the inflorescence situated on the peduncle at the terminal 

part of the plant. They are often yellowish, small and lighter in weight with three 

sided achenes and are usually not viable particularly under unfavorable 

conditions (Wilma & Chester, 1986). 
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Figure 2.2: Morphological structure of tiger nut plant of the current research. 

Inflorescence and pollination in tiger nut 

Inflorescences emerge along the shoot, signifying the transition from the 

vegetative growth phase which is characterized by abundant foliage. At this, the 

central stem ends apical growth and gives rise to a compound umbel 

(inflorescence) consisting of 5 to 10 heterostalks floral spikes. The 

inflorescence bears terminal spikes with pinnate spiklets having golden brown 

bisexual flower heads containing the seeds (Bazine & Arslanoğlu, 2020; 

Bezerra et al., 2023). Beneath each umbel or compound umbel of spikelets, 

several leafy bracts (3-9) of differing lengths are present (Wills, 1987), with the 

largest bract usually surpassing the length of the inflorescence. Each floret 
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showcases a white tripartite style characterized by a curly tip, complemented by 

yellowish-brown anthers situated on three stamens (Holm et al., 1977). 

Wind serves as the primary pollination mechanism for the tiger nut plant 

(Bamishaiye & Bamishaiye, 2011; Bazine & Arslanoğlu, 2020). As florets 

undergo pollination, they transform into diminutive achenes, typically 

measuring 1.2 to 1.5 mm in length (Wilma & Chester, 1986), featuring an 

oblongoid or oblongoid-obovoid shape, and appearing flattened. 

Tuber formation 

Tiger nut, despite its literal name suggesting a nut, is actually a tuber crop. 

Tubers form from the apical ends of thin rhizomes. The process of tuberization 

typically begins around 40-50 days after emergence (Yang et al., 2022). During 

the early stages of development, these immature tubers have a whitish 

appearance and contain a milky-like liquid. Upon reaching maturity, the tuber 

transforms into a solid, creamy white structure. Brown and yellow tubers feature 

a yellow or light brown outer membrane and finally turn dark brown at maturity, 

while black tubers exhibit a light-reddish outer membrane and finally dark or 

black tuber colour at maturity (Wang et al., 2021). 

These tubers exhibit diverse shapes, including oblong, ovoid, and oval forms 

(Asare et al., 2020). They display encircling leaf scars, often encompassing 

several rings, typically numbering from 4 to 7 per tuber. As noted by Bazine 

and Arslanoğlu in 2020, the length of these tubers ranges from 6 to 10mm. With 

proper care, a single plant has the potential to produce hundreds of tubers 

(Bamishaiye & Bamishaiye, 2010). 
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Types of Tiger Nut Tubers 

Tiger nut tubers exhibit size-based categorization into three types: micro tubers 

(6-7mm), standard tubers (8-11mm), and larger tubers (12-16mm) 

(Microbiology et al., 2021). The tubers also demonstrate varying shapes, 

including oval (< 1.3mm), ovoid (1.3-1.8mm), and oblong (>1.8mm) forms 

(Asare et al., 2020). Moreover, these tubers display a spectrum of colours, 

encompassing yellow, brown, and black variations (Figure 2.3). 

          

 

 

 

Figure 2.3: Colour types of tiger nut tubers 

Uses and Nutritional Composition of Tiger Nut Tubers  

Cyperus esculentus holds significant value in Africa and various regions around 

the globe, including Europe, Asia, and America. Its tubers find diverse culinary 

applications – from being consumed raw as a snack to being fried, roasted, 

baked, or transformed into refreshing beverages like "horchata de chufa" in 

Spain, "Aya" in Nigeria, and "atadwe milk" in Ghana. Beyond their culinary 

appeal, these tubers serve as a repository of essential functional compounds, 

contributing to a balanced diet (Chukwuma et al., 2010; Manek et al., 2012; 

Jing et al., 2013). 

Tiger nut tubers are notably rich in starch (295g/kg), digestible carbohydrates 

(monosaccharides, disaccharides, and polysaccharides), dietary fiber, protein 

(7-8%), and fat (25.5%) ( Mokady & Dolev, 1970; Oderinde & Tairu, 1988; 

A. Black tubers B. Brown tubers      C. Yellow tubers 
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Facciola, 1990). They also contain a range of minerals such as sodium, calcium, 

potassium, magnesium, zinc, and traces of copper, as well as vitamins including 

B1, C, D, and E (Achoribo & Ong, 2017; Sanful, 2009). Beyond their nutritional 

significance, tiger nut tubers serve as valuable sources of edible oil, cake and 

biscuit flour, animal feed, and ingredients for products like soap and cosmetics 

(Oladele & Aina, 2007; Sánchez‐Zapata et al., 2012; Al-Shaikh et al., 2013; 

Akabassi et al., 2022). 

Due to its notable vitamin B1 content, tiger nut tubers play a vital role in 

supporting the immune system and tissue preservation (Rosello-Soto et al., 

2018). Additionally, they have been recognized for their effectiveness in 

preventing and treating various conditions, including colon cancer, coronary 

heart diseases, gastrointestinal disorders, obesity, diabetes (Achoribo & Ong, 

2017), and constipation disorders. Furthermore, tiger nut tubers are noted for 

their aphrodisiac, carminative, diuretic, stimulant, and tonic properties (Bazine 

& Arslanoğlu, 2020). 

Tiger Nut Research in Ghana 

Tiger nut cultivation is concentrated in select regions of Ghana (Tetteh & Ofori, 

1998). Notable among these regions are Upper East, Upper West, Northern, 

Bono East, Eastern, Central, and Volta. The current practice involves utilizing 

local accessions (landraces) held by farmers as the primary planting materials 

for cultivating Cyperus esculentus. However, the knowledge base pertaining to 

tiger nuts remains deficient in terms of cropping systems, agronomic 

techniques, and production practices (Asare et al., 2020), setting it apart from 

more extensively studied crops like maize, rice, cowpea, cassava, and yam. 
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At present, there exists no officially released tiger nut variety. The existing 

research indicates that the tiger nut accessions available in Ghana lack 

comprehensive collection, characterization, and conservation efforts (Donkor et 

al., 2019; Asare et al., 2020). This scenario implies that the genetic resources in 

the form of landraces can be susceptible to gradual erosion over time (Tsegaye 

& Berg, 2007). 

Genetic Diversity in Tiger nut 

Genetic diversity encompasses the variations in nucleotides, genes, 

chromosomes, or entire genomes within or among populations of organisms 

(Frankham et al., 2002). In simpler terms, it signifies the range of heritable traits 

present in a population of the same species (Swingland, 2001). The study of 

genetic diversity in crops such as tiger nuts constitutes a crucial resource for 

identifying alleles that can enhance yield and nutritional content, thereby 

addressing food security challenges and combating hidden hunger and 

malnutrition, particularly in regions like Africa that grapple with heightened 

levels of poverty (Handley, 2009). 

This concept holds significant importance in the evaluation of the extent, 

pattern, and connections among breeding populations (Akintunde et al., 2019). 

Insight into the degree and nature of genetic diversity within germplasm 

facilitates the arrangement of populations into core subsets for utilization by 

breeders and researchers (Warburton et al., 2002). It aids in the preservation and 

management of germplasm, the identification of heterotic groups (Ajmone 

Marsan et al., 1998), and serves as guidance for (Akintunde et al., 2019) 

selecting testers in hybrid combination trials during breeding programmes 

(Enoki et al., 2002). Furthermore, genetic diversity has proven valuable in weed 
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management (Dodet et al., 2008) and in the enhancement of nutritional aspects, 

such as carotenoid content in maize (Akintunde et al., 2019). 

Additionally, investigations into the levels and distribution of genetic variation 

within and among plant populations of a crop species unveil the historical and 

evolutionary processes that govern genetic diversity (Zada et al., 2013). A 

significant level of genetic variability within a population is essential for the 

success of long-term plant breeding initiatives. It is noteworthy that genetic 

variability within and among accessions facilitates the early identification and 

exploitation of desirable traits, such as high yield and early maturity, 

contributing to yield improvement and other potential advantages of the crop 

(Makinde & Ariyo, 2013). 

To uphold enduring genetic advancements in favorable traits and to ensure a 

broad genetic foundation in breeding gene pools, the conservation and 

enhancement of genetic diversity become imperative (Hallauer & Miranda, 

1988; Smith et al., 2005). Nonetheless, comprehensive reports on global tiger 

nut genetic diversity are scarce, with Africa receiving limited attention. For 

instance, previous studies on the genetic diversity of this crop in Ghana have 

focused on morphological characterization (Donkor et al., 2019) and 

phenotypic analysis (Asare et al., 2020). To date, the available tiger nut 

accessions in Ghana lack molecular survey studies. These accessions, which are 

landraces, represent a valuable source of genetic variability. Regrettably, they 

remain underappreciated, underutilized, and unexplored, with their genetic 

makeup poorly understood (Molin et al., 2013). 
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Methods of Estimation of Genetic Diversity 

The existence of variability in an organism is a focal point of the living world 

(Longo et al., 2015). Variability in species fundamentally stages the process of 

adaptation and survival on which evolutionary success revolves for 

advancement in an organism. Population or individual variations are expressed 

at the phenotypic level or in a hidden form called polymorphism (Abdou, 2014; 

Saidou et al., 2014; Haoua et al., 2023).  

Variability within organisms stands as a central theme in the realm of life 

(Longo et al., 2015). Such variability, pivotal for species, underpins the process 

of adaptation and survival, driving evolutionary success and organismal 

advancement. Population or individual differences manifest visibly at the 

phenotypic level or more subtly as polymorphism (Abdou, 2014; Saidou et al., 

2014; Haoua et al., 2023). 

Four primary methodologies are employed to explore genetic diversity and 

relationships among different germplasm classes, including landraces, inbred 

lines, hybrids, synthetics, and populations. These approaches encompass agro-

morphological assessment using descriptors, pedigree analysis involving 

coancestry coefficient estimation (Malécot, 1948), biochemical profiling such 

as isozyme or storage protein analysis, and DNA-based molecular techniques 

(Pejic et al., 1998; Mohammadi & Prasanna, 2003). The agro-morphological 

and pedigree analyses operate at the phenotypic level, while biochemical and 

DNA-based molecular techniques function within the polymorphism domain. 

The selection of a specific method hinges on experiment objectives, resource 

availability, desired resolution, genome coverage, time, and labor constraints 

(Karp et al., 1997). Each approach possesses merits and limitations; therefore, 
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their complementary utilization is recommended to enhance the resolving 

capacity of genetic diversity analyses (Singh et al., 1991). 

Agromorphological traits evaluation 

Advancements in field phenomics have been evident, yet phenotyping remains 

a more specialized and labour-intensive process compared to genotypic 

selection (Cobb et al., 2013; Fiorani & Schurr, 2013). The agromorphological 

or morphological characterization of germplasm holds a crucial position in the 

advancement of plant breeding (M. S. Lin, 1991), playing an essential role in 

the management of genetic resources (Smith & Smith, 1989). Morphological 

evaluation involves both qualitative and quantitative descriptors, encompassing 

attributes like color, size, shape, growth habits, and performance under diverse 

experimental conditions or treatments (Bhandari et al., 2017; Khadka et al., 

2020). This approach of data collection and analysis proves cost-effective and 

relatively straightforward, not necessitating sophisticated technology as 

required by other genetic diversity estimation methods (Darling et al., 2017; 

Korir et al., 2013). 

However, morphological traits are often susceptible to phenotypic plasticity, 

influenced by environmental changes, and characterized by limited heritability, 

thereby restricting the scope of morphological evaluations (Anumalla et al., 

2015; Xiao et al., 2022) . These evaluations are time-consuming, labour-

intensive, and demand substantial plant population sizes (Botha & Venter, 

2000) as well as extensive land resources (Osawaru et al., 2015). Nonetheless, 

morphological characterization unveils the expression of highly heritable traits, 

encompassing morphological and agronomic features (Osawaru et al., 2015), 
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thus ensuring optimal utilization of germplasm collections for end-users (Engels 

& Visser, 2003). 

Various researchers have employed morphological characterization techniques 

in their studies. For instance, Osawaru et al. (2015) utilized this method in their 

investigation of West African Okro (Abelmoschus cailei). Donkor et al. (2019) 

reported a wide spectrum of genetic diversity among 24 tiger nut landraces from 

six major regions where the crop is cultivated, utilizing morphological 

descriptors. Based on phenotypic and yield trait evaluations, Asare et al. (2020) 

observed limited genetic diversity among 64 tiger nut accessions from four 

growing regions in Ghana. 

Estimation of diversity by coancestry coefficients 

Assessing diversity through coancestry coefficients relies on pedigree 

information of genotypes. This technique doesn't necessitate advanced 

technology; instead, it relies on precise pedigree records. However, it is 

incapable of gauging the impacts of selection and gene drift (Messmer et al., 

1993). Genetic diversity however, arises from a combination of genetic factors 

and environmental influences, often shaped by their interactions. 

 Frequently, the extent of variability stemming from genotypic factors, 

including heritability, alongside environmental components of diversity, can be 

extracted through robust statistical analyses (Govindaraj et al., 2015). 

Isozyme and storage protein analysis 

Biochemical profiling entails the identification of isozymes through 

electrophoresis, with a primary focus on analyzing seed storage proteins and 

isozymes. Isozyme markers, which manifest co-dominance and straightforward 
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inheritance, facilitate the detection of polymorphisms at the functional gene 

level, providing a faithful representation of genetic diversity (Pagnotta et al., 

2009). With allozymes, the allelic variants of enzymes, serve as valuable tools 

for estimating gene and genotypic frequencies within and between populations. 

The utilization of isozymes offers advantages such as affordability (Osawaru et 

al., 2015) and the requirement of only a small amount of plant material for 

detection. Biochemical markers are adept at evaluating co-dominance, free from 

epistatic and pleiotropic effects, and are user-friendly (Osawaru et al., 2015). 

However, the scarcity of enzyme markers covering the entire genome restricts 

the resolution of genetic diversity (Govindaraj et al., 2015). Notably, isozyme 

and storage protein analysis fall short in identifying variations in nucleotide 

sequences that remain silent in terms of resultant amino acid sequences due to 

the degeneracy of the genetic code (Cheng et al., 2014; Ramesh et al., 2020). 

Moreover, this technique presents challenges when comparing samples from 

different species, loci, and laboratories, often influenced by extraction methods, 

plant tissues, and plant age (Park et al., 2009). 

Assessment of genetic diversity using molecular markers  

Organisms exhibit distinct genomic DNA sequences that set them apart 

genotypically. These unique dissimilarities are unveiled through the utilization 

of DNA molecular markers (Nadeem et al., 2018). 

A molecular marker is a segment of DNA pinpointing the site on a chromosome 

where differences in DNA sequences manifest among members of the same 

species. It unveils DNA-level polymorphisms by identifying specific genes or 

alleles across a genome through probing. These markers differentiate 

chromosomal traits by associating with complementary gene pairs and adjacent 
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chromosomal regions at the 5' and 3' ends (Barcaccia et al., 2000). DNA 

molecular markers exhibit diverse genetic attributes and can take the form of 

dominance or co-dominance. They have the ability to amplify anonymous or 

characterized loci and may encompass expressed or non-expressed sequences 

(Pagnotta et al., 2009). 

Various DNA-based molecular techniques utilize molecular markers such as 

amplified fragment length polymorphism (AFLP), restriction fragment length 

polymorphism (RFLP), simple sequence repeats (SSR) or microsatellites, 

random amplified polymorphic DNA (RAPD), inter-simple sequence repeats 

(ISSRs), and single nucleotide polymorphisms (SNPs), among others, for the 

purpose of identifying genotype polymorphisms. These molecular markers are 

widely employed in ecological, evolutionary, taxonomical, phylogenetic, and 

plant genetic studies (Osawaru et al., 2015). 

DNA-based molecular markers, widely dispersed throughout an organism's 

genome, stand as preferred tools for genetic diversity investigations (Adhikari 

et al., 2017). Their role involves identifying differences or polymorphisms 

within nucleic sequences among individuals, manifesting as insertions, 

deletions, translocations, point mutations, and/or duplications within a species' 

nucleic sequence (Banday et al., 2022; Ramesh et al., 2020). 

Molecular markers hold a superior position over morphological, pedigree, and 

biochemical data because they are more efficient and sensitive in detecting 

distinct differences that arise from mutations among genotypes at the DNA level 

(Melchinger et al., 1991). Additionally, DNA-based molecular markers offer 

various advantages, such as being unaffected by environmental influences, 

being neutral in terms of pleiotropic and epistatic effects, and the ability to 
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compare genotypes across generations and populations (Smith, 1988), which 

contributes to germplasm characterization. They also play a crucial role in 

tracing the genetic origins of crop plants and constructing genome maps. 

However, the disadvantages of molecular markers include their high cost and 

the requirement for sophisticated equipment (Nadeem et al., 2018; Vieira et al., 

2016). 

The utilization of primer methodologies, such as SSRs (Warburton et al., 2002), 

AFLP (Beyene et al., 2006), RFLP (Dubreuil et al., 1999), and SNPs (Yu et al., 

2011), offers a more effective strategy for estimating gene flow, categorizing 

genotypes, and evaluating genetic diversity. These methodologies evaluate 

either multi-locus or single-locus markers. Multi-locus primers, known as 

dominant markers, enable the simultaneous examination of numerous genomic 

loci (A Sharma et al., 2008), although they may encounter challenges in 

distinguishing between heterozygotes and homozygotes for the same allele.  

Prominent examples include AFLPs and RAPDs (McGregor et al., 2000). On 

the other hand, single-locus markers, referred to as co-dominant markers, target 

specific genomic loci, enabling differentiation between heterozygotes and 

homozygotes (Panchariya et al., 2024; Undal & Ahir, 2023). Examples of co-

dominant markers comprise RFLP, CAPS, SNPs, and SSRs (Amiteye, 2021; 

Naeem, 2014). 

Microsatellite (Single Sequence Repeats) Markers 

SSR markers are composed of short repetitive sequences of 2 to 6 base pairs 

that are found in varying numbers within the non-coding regions of the genome 

(Litt & Luty, 1989). These markers are highly polymorphic and can be found 

throughout the genome of crop plants. They are especially useful for studying 
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population structure and the history of cultivated species because of their 

abundant allelic diversity (Vieira et al., 2016). In fact, SSR markers are more 

effective in revealing diversity patterns compared to other types of markers such 

as RFLP, AFLP, or SNP loci (Powell et al., 1996; McGregor et al., 2000). 

The SSR technique employs a straightforward polymerase chain reaction (PCR) 

approach, which is easily detectable and reproducible (Bousba et al., 2013). 

Amplified fragments resulting from SSR PCR can be resolved using both 

polyacrylamide and high-quality agarose gels (Senior et al., 1998). Notably, 

SSR loci have been identified as sources of high polymorphism in maize (Senior 

& Heun, 1993). Additionally, when investigating Niger tiger nut ecotypes 

through microsatellite SSR markers, Haoua and colleagues observed substantial 

genetic diversity within the examined populations (Haoua et al., 2023). 

 

Advantages of using SSR markers 

SSR markers constitute a straightforward PCR-based approach, demonstrating 

co-dominant inheritance and locus-specificity (Boopathi & Boopathi, 2020a; 

Jiang, 2013). They exhibit a high degree of polymorphism and do not 

necessitate specialized equipment. These markers offer a cost-effective solution 

and facilitate high-throughput genotyping (Azizi et al., 2021; Hasan et al., 

2021). SSR assays can be conducted using minimal DNA samples (as little as 

100 mg per individual), and the sharing of SSR DNA markers between 

laboratories is easily achievable. Moreover, these markers can be multiplexed 

through PCR (Zalapa et al., 2012). 

 

Drawbacks associated with using SSR markers  

The advancement of SSRs demands a laborious and intensive process, 

contributing to elevated costs. Automated methods for SSR assays also entail 
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high startup expenses (Distefano et al., 2012; Taheri et al., 2018). Furthermore, 

the creation of PCR multiplexes presents challenges that can be both intricate 

and costly (Appleby et al., 2009). Certain markers may prove unsuitable for 

multiplexing. Additionally, SSR markers find limited applicability beyond plant 

species (Zane et al., 2002). 

 

Measurement of Genetic Diversity  

The evaluation of genetic diversity involves the examination of variation and 

connections within and between populations and/or individuals. This analysis 

relies on quantitative traits obtained from agro-morphological data, binary data, 

fragment size, or allele frequencies of molecular markers. A variety of methods 

are available to measure and describe variability, depending on the type of 

population (inbred lines, hybrids, landraces, etc.), the population's adherence to 

Hardy-Weinberg equilibrium, and the characteristics of the data (Mohammadi 

& Prasanna, 2003). Commonly employed measures for the assessment of 

genetic variation include the frequency of polymorphism, average number of 

alleles per locus, proportion of rare alleles, gene diversity within populations 

for dominant loci, average polymorphic information content or expected 

heterozygosity for co-dominant loci, effective number of alleles, and genetic 

distance (Singh et al., 2022). 

Rate of polymorphism (Pj) 

According to Hartl et al. (1997), polymorphic loci are characterized by allele 

frequencies that are either equal to or lower than 0.95 or 0.99. The choice of this 

allele frequency threshold is arbitrary and is commonly set at 0.95 or 0.99. This 

threshold serves the purpose of pinpointing genes characterized by prevalent 

allelic variation (Cavalli-Sforza, 1981). This measurement of intra-population 
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genetic diversity serves as an indicator of variation within a gene. Its calculation 

involves dividing the number of polymorphic loci by the total number of loci 

(both polymorphic and monomorphic), as depicted by Equation (2.1). 

p

total

n
P

n
 ………………. (2.1) 

where np = number of polymorphic loci; ntotal = total number of loci, both 

monomorphic and polymorphic.  

 

Average number of alleles per locus (AP) 

When utilizing codominant markers that allow for the detection of alleles on 

gels, the mean number of alleles per locus is determined for polymorphic loci 

by dividing the total number of alleles across all loci by the total number of 

polymorphic loci. This calculation is represented by the following formula: 

1

1 k

p i

i

A n
k 

 
 ……………. (2.2)

 

where i = any locus; k = number of polymorphic loci; ni = number of alleles 

detected per polymorphic locus. 

Rare allele 

Alleles that are considered rare are those that have frequencies lower than 0.005. 

These alleles are not commonly found within a population and are therefore 

classified as rare due to their infrequent occurrence. 

Average polymorphic information content (PIC) 

PIC serves as an indicator of allele variety and distribution within accessions, 

aiding in the identification of markers that are most informative in 

distinguishing between different genotypes. The PIC, as defined by Botstein et 
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al. (1980) and also known as expected heterozygosity (Nei, 1987), is computed 

for each SSR locus as: 

2
PIC 1 ( )

i
P  …………… (2.3)

 

where Pi is the proportion of the population carrying the ith allele.  

 

Effective number of alleles (Ae) 

The effective number of alleles quantifies the number of alleles that can exist 

within a population. It assesses the number of equally common alleles required 

to attain a specific level of gene diversity (Weir, 1990). This metric enables the 

comparison of populations with significant variations in the number and 

patterns of alleles. The calculation for the effective number of alleles is as 

follows: 

2

1 1

1
e

i

A
h P

 
 

…………….. (2.4) 

where Pi is the frequency of the ith allele in a locus, and h = 1-∑Pi
2 is the 

heterozygosity at a locus.  

 

Determination of Relationships among Genotypes 

Genetic distance 

Genetic distance serves as a quantifiable gauge of genetic dissimilarities (or 

similarities) existing at the allelic level among individuals attributed to identity-

by-state or identity-by-descent due to historical mutation events from a common 

ancestor (Beaumont et al., 1998). This metric quantifies the degree of 

evolutionary alterations that have occurred since two populations separated 

from their common ancestral breeding population (Templeton, 2013). The 
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genetic divergence scale ranges from 0 to 1, where lower similarity coefficients 

signify significant genetic differences. Conversely, reduced dissimilarity values 

indicate a closer genetic relationship. 

 (Zhang et al., 2024).  

Multiple methods exist for estimating genetic distance, with the selection 

contingent upon the type of data being used. Specifically, interval data from 

morphological assessments, isozymes or DNA amplification products, and 

presence or absence data require unique methodologies for analysis (Osawaru 

et al., 2015). When dealing with morphological data, the Euclidean distance is 

a commonly used metric, representing a straight-line measure between two 

individuals A and B based on their morphological measures denoted by x1, x2, 

..., xp and y1, y2..., and yp (Nikita & Nikitas, 2024; Zelditch et al., 2012). The 

Euclidean distance is calculated as the square root of the sum of squared 

pairwise differences, as outlined in Equation 2.5.  

1

2 2 2 2
1 1 2 2

[( ) ( ) .... ( ) ]
AB p p

d x y x y x y      
……………. (2.5) 

Various distance measures are utilized in genetic analysis, such as the 

correlation coefficient, Roger’s distance (Rogers, 1986), Cavalli-Sforza & 

Edwards (1967) distance, and Nei (1972) distance. The correlation distance 

measure is particularly useful in estimating genetic distance by standardizing 

metric trait data with different units to ensure an unbiased comparison among 

genotypes (Fufa et al., 2005; Joly et al., 2015). 

For microsatellite data analysis at the molecular level, where alleles are 

represented by repeat amplification products, allele frequency variation can be 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



37 
 

estimated, or bands can be scored as either present or absent to generate binary 

data. Roger’s distance, Cavalli-Sforza & Edwards (1967) distance, and Nei 

(1972) distance are common distance measures that utilize allele frequencies in 

such analyses. 

 

Rogers’ distance, dij is given by the equation: 

21
( )

2
ij k ki kj

d x x
l

   
………………. (2.6)

 

where l is the number of loci, xki, and xkj are frequencies of allele k for the entities 

i and j.  

 

Four commonly used measures of genetic distance for binary data matrices are 

the Modified Roger’s distance GDMR (Wright, 1978) (Equation 2.7), the DICE 

coefficient (GDNL) developed by Nei and Li (1979) (Equation 2.8), the Jaccard 

coefficient (GDJ) (Equation 2.9), and the simple matching coefficient (GDSM) 

proposed by Sokal and Michener (1958) (Equation 2.9). 

In these equations, X01 represents the number of bands or alleles present in 

individual j only, X10 represents the number of bands or alleles present in 

individual i only, X11 represents the number of bands or alleles present in both 

individuals, and X00 represents the number of bands or alleles absent in both 

individuals. It is worth noting that the simple matching coefficient and the 

Modified Roger’s distance are examples of Euclidean distance measures. These 

measures provide valuable insights into the genetic distance between 

individuals based on their binary data matrix. 
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The concept of a similarity measure between two individuals is primarily based 

on the proportion of observed bands in a banding pattern that they have in 

common. Consequently, when developing a similarity measure, it is anticipated 

that equal significance would be given to both shared presences (1s) and shared 

absences (0s). Nevertheless, it is worth noting that the simple matching 

coefficient places value on shared absences (Galván et al., 2001; Laurentin, 

2009), as demonstrated in Equation 2.10.  

Multivariate Techniques for Interpretation of Genetic Distance 

Irrespective of the size of the population, utilizing multivariate statistical 

methods enhances the representation of genetic distance among accessions. 

These techniques employ various measurements taken from individual 

operational taxonomic units to group accessions into clusters, thereby analyzing 

the interrelationships stemming from their genetic distances. Common 

multivariate methods include cluster analysis, principal components analysis 

(PCA), principal coordinate analysis (PCoA) and multidimensional scaling 

(MDS) as discussed in previous studies (Melchinger, 1993; Johns et al., 1997; 

Thompson et al., 1998; Brown-Guedira et al., 2000). 
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Cluster analysis 

Cluster analysis,  arranges accessions into groups based on the similarity or 

dissimilarity of their attributes, ensuring homogeneity within clusters and 

heterogeneity across them (Hair et al., 1995). Commonly utilized cluster 

techniques include hierarchical and nonhierarchical methods, utilizing distance 

measurement techniques introduced by Johnson and Wichern (2002), as well as 

the robust maximum likelihood estimation and Bayesian approaches developed 

by Pritchard et al. (2000) to overcome the constraints of distance-based 

methodologies. 

The hierarchical technique is agglomerative in nature, progressively grouping 

individuals and subsequently merging them based on shared similarities. 

Noteworthy cluster methods include single linkage, complete linkage, and 

Unweighted Pair Group with Arithmetic Mean (Panchen, 1992; Sneath & Sokal, 

1973), which transform distance measures into graphical representations. 

Principal components analysis (PCA) of morphological data 

One method for uncovering patterns in data based on similarities and differences 

(Lindsay, 2002) is the use of principal components analysis (PCA). This 

technique, initially devised by Pearson (1901) and subsequently refined by 

Hotelling (1933), is a multivariate approach that employs the arrangement of 

multivariate data presented in matrix form to unveil inherent patterns or 

relationships when projected onto a two-dimensional space, emphasizing 

similarities and differences. The foundational principles of PCA can be found 

in works such as (Johnson & Wichern, 2002) and (Jolliffe & Jolliffe, 1986). In 

this two-dimensional space, similar variables manifest proximity, while 
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dissimilar ones exhibit greater separation, thus exposing only the key data 

patterns. 

 

PCA is a powerful technique used to reduce the dimensionality of multivariate 

data by creating a series of linear combinations of orthogonal variables called 

principal components (PCs) (Demšar et al., 2013; Mishra et al., 2017). These 

PCs are ordered in a way that each one explains a certain amount of variance in 

the data, with the first PC explaining the most variance and subsequent PCs 

explaining less. When all PCs are considered together, they collectively explain 

100% of the variance in the data, making PCA a valuable tool for data analysis 

(Khattree & Naik, 2000). The eigenvectors associated with the PCs provide 

information about the direction and magnitude of the variance in the data 

(Mishra et al., 2017). 

The significance of PCA can be assessed by examining a scree plot, which helps 

in identifying the point where there is a noticeable change in the curve, 

resembling an elbow (Saranya & Poonguzhali, 2024; Zhou, 2017; Zhu & 

Ghodsi, 2006). This point indicates the number of significant principal 

components to consider for analysis. Additionally, North et al. (1982) 

highlighted the importance of sampling error in PCA, showing that the gap 

between adjacent PCs in the formula (Equation 2.11) can help determine the 

significance of the eigenvalues. If the errors exceed this gap, it suggests that the 

corresponding eigenvalue is statistically significant and should be considered in 

the analysis. 

 

Sampling error =
2

( )i
n

   ………….. (2.11) 
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 where λi = a PC; Δλ = change between neighbouring PCs; n= number of 

samples.  

 

Principal coordinate analysis (PCoA) 

Principal coordinate analysis, as described by Khayyam Nikoyie et al. (2009), 

is a method utilized in multivariate analysis to depict the variance relationships 

present within a population. This technique focuses on maximizing the linear 

correlation between sample distances, showcasing variations in 

multidimensional patterns for enhanced interpretation. 

The relative variance of each coordinate in PCoA signifies the genetic distances 

either within or among populations, shedding light on the significance of the 

related coordinate in terms of total variance. This value is typically expressed 

as a percentage, providing valuable insights into the genetic diversity and 

structure of the studied populations. 

Correlation 

Correlation stands as a bivariate statistical method that gauges the intensity of 

the connection between two variables while determining the direction of this 

association. The correlation coefficient, which ranges between +1 and -1, 

reflects the degree of strength in the relationship. A +1 value signifies an 

impeccable level of linkage between the two considered variables, while the 

correlation coefficient approaches zero (0), the connection between the 

variables weakens (Akoglu, 2018; Schober et al., 2018). The sign of the 

coefficient, denoted as "r," unveils the direction of the relationship: a positive 

correlation is denoted by a + sign, whereas a negative correlation is indicated 

by a – sign (Akoglu, 2018). The widely employed approach for assessing the 
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extent of association between two variables is the Pearson r correlation 

coefficient, r, which can be calculated using the following formula: 

...... (2.12) 

Where; 

rxy = Pearson correlation coefficient between the variables x and y 

n = number of observations 

xi = value of x (for the ith observation) 

yi = value of y (for the ith observation) 

 

Breeding Methods (Techniques/ Strategies)  

The generation of variability is crucial in the genetic improvement of crops. In 

plant breeding several methods are available in inducing genetic variability 

within and among crops. These methods can be grouped into conventional 

(classical/traditional) breeding and unconventional (contemporary/modern) 

breeding. Conventional breeding of crops makes use of selection and 

hybridization or crossing. While contemporary breeding involves techniques 

such as mutation, biotechnology, and marker-assisted selection (Lamichhane & 

Thapa, 2022). 

Selection 

Selection is the oldest plant breeding technique for a crop improvement process 

of choosing and maintaining plants with useful and desirable characteristics. In 
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this method, plants with undesirable traits are discarded and often neglected 

(Acquaah, 2009). The basis for selection is in reliance on the phenotypic traits 

of species. Generally, the effectiveness of selection is dependent on the degree 

to which the phenotype reflects the genotype (Lin et al., 2010). Two main types 

of selection exist; mass selection and pure line selection (Begna, 2021). 

Mass selection 

Mass selection involves selecting a significant number of plants that share 

similar phenotypic traits, and then blending their seeds to create a new variety. 

The resulting population from this method typically exhibits greater uniformity 

compared to their original parental population (Acquaah, 2015). 

 This method of selection involves gathering seeds from superior individuals 

phenotypically from a population. The seeds are further mixed planted in the 

subsequent generation. Superior individuals are preserved while undesirable 

genotypes are disposed of (Khaeim, 2013).   

Pure line selection 

A pure line is derived from a solitary homozygous plant that undergoes self-

fertilization (Degefa, 2019). Through pure line selection, the offspring of self-

pollinated or fertilized crops inherit the same genetic traits as their parents, 

making these traits heritable (Hussain et al., 2021). However, any variation 

observed within a population is solely influenced by environmental factors and 

is therefore not passed on to future generations. The technique of pure line 

selection has proven effective in enhancing self-pollinated crops (Begna, 2021). 

In asexually propagated crops such as tiger nuts, the selection is done by visual 

observation of clonal characteristics. The clone (progeny from a single plant 
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through asexual reproduction) of vegetatively propagated plants is considered 

for selection more importantly by the qualitative characteristics rather than 

quantitative traits (Acquaah, 2015; Taji et al., 2024). Imposing selection on 

quantitative traits with vegetatively propagated crops will be misleading and 

unreliable as such traits are influenced by the environment (Grattapaglia, 2017). 

Therefore, the selection procedure involves; first, picking the desired clones 

from a large mixture of clones or bulked or mass clones in the first season. This 

is followed in the second season by selecting superior clones from individually 

grown selected plants (Acquaah, 2015). Preliminary yield, disease resistance 

and other quality trials with standard checks is/ are done in the third season and 

a few outstanding clones are selected (Micke & Donini, 1993). Multilocation 

yield trials with standard checks are carried out in the fourth to sixth seasons 

and the best clones are identified for release as new varieties. Finally, seed 

(propagule) multiplication of best clones is done in the seventh season for 

distribution (Bisognin, 2011).  

Clonal hybridization 

Clonal hybridization is the process of crossing two genetically unrelated lines 

or plants. The primary aim of hybridization is to introduce genetic variation 

(Seehausen, 2004). Through this approach, clonal crops are enhanced by 

combining two or more desirable clones (Wetzstein et al., 2018). In tropical 

agriculture, cassava is one of the most important crop clonally propagated 

(Duputié et al., 2007). The selection of clones for hybridization process begins 

with the first filial generation (F1) progeny and continues through subsequent 

clonal generations. Once the F1 generation is established, the clonal selection 

process is implemented (Grüneberg et al., 2009).  
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Marker-assisted selection (MAS) 

Marker-assisted selection (MAS) entails utilizing morphological, biochemical, 

and DNA molecular markers as an indirect approach in selecting desirable traits 

for crop breeding programmes, thereby expediting the development of 

improved varieties (Ashraf et al., 2012; Henkrar & UDUPA, 2020). This 

innovative plant breeding technology accelerates the creation of enhanced 

cultivars. Breeders employ molecular markers to trace specific gene or 

chromosome segments suspected of influencing the desired phenotype within 

individuals or populations of interest (Boopathi & Boopathi, 2020b; Williams, 

2005). 

MAS has been extensively explored across various crops and traits. DNA-based 

markers such as RFLPs, AFLPs, RAPDs, SNPs, and SSRs have been harnessed 

to construct gene maps, confer disease resistance, enhance drought tolerance, 

and facilitate the identification and transfer of quantitative trait loci (QTLs) to 

enhance crop characteristics (Aswini et al., 2023; Rahul Kumar et al., 2024). 

For instance, Chen et al. (2016) highlighted the discovery of the QTL qGW4.05, 

associated with kernel weight and size in maize. Similarly, Körber et al. (2016) 

dissected agronomic and quality traits of Brassica napus using GWAS6K SNP 

arrays. 

In Indonesia, the implementation of MAS led to the development of two 

bacterial leaf blight-resistant rice varieties, 'Angke' and 'Conde' (Bustamam et 

al., 2002). Additionally, MAS has played a significant role in the improvement 

of wheat by enhancing GPC-B1 (84-60) and strengthening barley by 

introducing a thermostable β-amylase gene (Xu et al., 2018) as well as a scald 

(Rhynchosporium commune L.) resistance gene (Sayed & Baum, 2018). This 
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dynamic approach showcases its efficacy in driving advancements in crop 

breeding and promoting agricultural innovation. 

Biotechnology technique 

Biotechnology, as defined by Persley (1992), is the breeding methodology that 

employs living organisms, developed microorganisms, or components derived 

from living organisms to modify or create products aimed at enhancing plants 

or animals for human requirements. 

Plant biotechnology encompasses the utilization of techniques such as tissue 

culture, plant molecular markers, and genetic engineering to generate 

genetically modified plants exhibiting novel or improved desirable traits. This 

powerful tool facilitates the creation of new plant characteristics and varieties, 

contributing to advancements in crop breeding (Kumar et al., 2015). 

Tissue culture, involving the induction of callus formation from plant parts, has 

found widespread application in Africa across crucial food crops like yam, 

cassava, sweet potato, banana, and other vegetatively propagated plants (Brink 

et al., 1998). In vitro mass propagation through tissue culture has proven 

effective in producing disease-free plants and establishing regeneration systems 

for plant transformation. 

At the core of crop plant enhancement lies the concept of gene transfer, which 

forms the basis of "Transforming Principles" (Avery et al., 1999). This 

understanding paved the way for genetic engineering, a comprehensive 

approach encompassing DNA isolation, restructuring, and insertion into diverse 

cellular contexts (Scowcroft, 1977). 
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Genetic engineering, yields transgenic plants through processes such as gene 

isolation and cloning, gene insertion or transformation, generation of transgenic 

plants, validation of successful transformation, and assessment of gene 

functionality (Brink et al., 1998). This technique involves modifying an 

organism using recombinant DNA technology and employs laboratory tools and 

specific enzymes to manipulate, insert, or alter segments of DNA containing 

desired genes of interest (James, 2014), thereby contributing to crop 

improvement endeavors. 

Mutation 

Initiating improvements in any crop necessitates the establishment of variability 

for subsequent selection. The presence of heritable variation is paramount for 

genetic enhancement efforts in crops. In situations where natural variation is 

inadequate, the introduction of variation can be achieved through either random 

or targeted means (Jankowicz-Cieslak et al., 2017). Mutation stands as the 

ultimate wellspring of variability, offering distinct germplasm to plant breeders 

(van Harten, 1998). 

Mutation is defined as a sudden, inheritable alteration in the genotype of an 

organism (De Vries, 1991). It can transpire naturally over the course of several 

years or be induced artificially, a particularly promising approach within a 

shorter time frame. In either scenario, plant DNA mutation leads to equivalent 

effects on the phenotype. Notably, induced mutation has demonstrated success 

in enhancing the genetics of numerous crop genotypes. Plant breeders have 

employed this technique since the 1920s to instigate genetic diversity (Stadler, 

1928; van Harten, 1998; Tambe & Apparao, 2009; Ahloowalia et al., 2004). 
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Artificial or induced mutation is typically achieved through the application of 

physical or chemical mutagens (Jain, 2002; Mba et al., 2007). 

Different types of physical mutagens include electromagnetic radiations like 

gamma rays, X-rays, UV light, and particle radiation such as beta and alpha 

particles. On the other hand, chemical mutagens often comprise alkylating 

agents like ethyl methane sulfonate (EMS), ethidium bromide, and base 

analogues such as bromouracil (van Harten, 1998; Girija & Dhanavel, 2009; 

Mba et al., 2010).  

The selection of a specific mutagen for mutation breeding typically relies on 

past achievements observed in the species, alongside considerations like 

mutagen availability, cost, and infrastructure (Mba, 2013; Bado et al., 2015). 

The process of mutation breeding involves three key steps: (a) inducing 

mutations, (b) screening for potential mutant candidates, and (c) evaluating and 

officially releasing mutants for use (Jankowicz-Cieslak et al., 2017). 

Inducing mutationn and mutagenesis 

Human-driven selection for novel alleles of structural or regulatory genes has 

resulted in the emergence of numerous vital plant phenotypes that play a crucial 

role in domestication and improvement. This multitude of essential phenotypes 

holds significant importance in the field of plant genetics and has been 

extensively studied (Olsen & Wendel, 2013). Plant breeders have been 

instigating genetic diversity in crops since the 1920s through the utilization of 

physical and chemical mutagenesis (Stadler, 1928). 

Induced mutations were initially conducted in plants using physical mutagens 

and have contributed to the majority (approximately 77%) of varieties listed in 

the FAO/IAEA Mutant Varieties Database (Maluszynski, 2001). Physical 
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mutagenesis primarily consists of ionizing radiation generated either directly by 

gamma rays and X-rays or indirectly through fast neutron bombardment 

(Roychowdhury & Tah, 2013), as well as alpha and beta particles. The 

mutagenic effectiveness of physical mutagens is determined by both the type of 

physical agent used and the particular genotype of the organism (Ramanathan, 

1979). Notably, physical mutagens, particularly x-rays, have yielded successful 

outcomes in various crops, including groundnut (Gunasekaran & Pavadai, 

2015), cowpea (Horn & Shimelis, 2013), lentil seed (Roy et al., 2019), sesame 

(Diouf et al., 2010) and pigeon pea (Ariraman et al., 2014). 

Chemical mutagens for mutagenesis gained prominence following their 

discovery in the 1940s, marked by the treatment of Drosophila melanogaster 

with mustard gas (Auerbach & Robson, 1946; Auerbach, 1946). Chemical 

mutagens, unlike radiations, have the ability to cause gene mutations and single-

nucleotide polymorphisms (SNPs) rather than chromosomal mutations (Khan et 

al., 2009). Some commonly used chemical mutagens include ethyl methane 

sulfonate (EMS), N-methyl-nitrosourea (MNU), and sodium azide (Az) (Sikora 

et al., 2011). EMS is particularly known for its strong mutagenic properties, 

causing random mutations in genetic material through nucleotide substitution, 

primarily guanine alkylation. Typically, EMS results in point mutations within 

the genome (Joya-Dávila & Gutiérrez-Miceli, 2020; Yan et al., 2021). 

Colchicine, on the other hand, is an alkaloid mutagen that is used to induce 

mutations, specifically polyploidy, in plant breeding (Blasco et al., 2015; 

Manzoor et al., 2019). 
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Chemosensitivity and determination of the right dose of EMS and 

Colchicine 

Determining the appropriate dosage of a mutagen for genotypes in mutagenesis 

is a crucial and fundamental step towards the success of mutation breeding. The 

impact of a mutagen on a genotype's response can either be stimulating or 

inhibitory, contingent on the quantity employed (Nura et al., 2011; El-Nashar 

& Ammar, 2016; Singh et al., 2020). Higher dosages of mutagens can 

completely halt seed germination (Spencer-Lopes et al., 2018b), while very low 

concentrations exhibit a stimulating effect, enhancing plant architectural traits 

(ZakyZayed et al., 2014; Twumasi et al., 2023). Hence, it becomes imperative 

to optimize a mutagen dosage that achieves 50% seedling emergence by lethally 

affecting half the population (LD50), and also a 50% reduction in seedling 

growth (RD50) effect. Mutagen dosages surpassing the LD50 lead to a higher 

frequency of mutations in the M1V1 population, whereas dosages below the 

LD50 result in a lower mutation frequency (Brown & Caligari, 2011; Szarejko 

et al., 2017). 

Finding the appropriate dosage can be challenging, yet meticulous 

experimentation can unveil it (Acquaah, 2009). The ideal (optimal) dosage is 

the one that maximizes mutation frequency while minimizing unintended 

damage (Mba et al., 2010). According to van Harten (1998), the optimal dosage 

varies across plants, even within the same species, based on factors like the 

exposed planting materials, mutagen types, and physiological condition of the 

propagules. 

Numerous factors influence the successful outcome of chemical mutagenesis. 

These factors encompass the attributes of the target plant material, the mutagen 
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dosage applied, the physicochemical attributes of the chemical mutagen, 

characteristics of the mutagenic solution (such as pH), the laboratory's 

environmental conditions (e.g., temperature), as well as the growth conditions 

(greenhouse, nursery, field, in vitro, etc.) of plant seeds and/or propagules 

before and after mutagenic treatment (Spencer-Lopes et al., 2018). Therefore, 

it is recommended that a wide range of dosage concentrations (e.g., 0.0, 0.1, 

0.25, 0.5, 0.75, 1.0 percent) be initially applied to a substantial population to 

ascertain the optimal LD50 dosage before implementing mass treatment of 

genotypes for the first mutation population (M1 for seed/pollen mutagenesis 

and M1V1 for vegetative organs) (Bado et al., 2015). 

 

Screening for putative mutant candidates 

The M1V1 population usually gets affected from physiological disorders and 

genetic injury as a result of the mutagen treatment. To enhance the survival and 

successful development of potential mutants for future generations, it is crucial 

to plant mutagenized propagules in an environment free from stress factors. This 

ensures that the plants have the best chance of thriving and allows for effective 

screening of the putative mutants (Bado et al., 2015). The phenotypic selection 

at the M1V1 for mutation is inappropriate as detection of homohistant mutants 

becomes impossible due to chimerism, which needs to dissolve in subsequent 

generations (Spencer-Lopes et al., 2018). Harvest from M1V1 can be bulked 

and planted for generation two (M1V2). Chimeric structures continually surface 

in M1V2 and therefore careful and close monitoring in identifying ‘deviants’ 

from standard normality must be observed. Visual selection and measurements 

are required to identify putative mutants for desired plant architectural traits 

such as plant growth habits, branching type, number of tillers, plant girth among 
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others. Selected candidates are propagated for observation and confirmation of 

characteristics and assessment of uniformity and stability at M1V3 generation 

(Drake et al., 1998). In M1V3, the preliminary evaluation process begins by 

evaluating solid mutants and determining their level of uniformity. Non- 

uniform putative mutants’ clones are subjected to further propagation 

generations to reach uniformity (Gunjaca et al., 2008; Vélez & Ibáñez, 2012). 

Evaluation for main desired traits such as earliness,  yield, mineral content, fruit 

size, weight, resistance or tolerance to diseases and, biotic stresses, can be taken 

or delayed until further generations (Spencer-Lopes et al., 2018). The M1V3 to 

M1V8 generations are distinguished by the ongoing process of selecting, 

confirming genetically, multiplying, and stabilizing the field performance of 

mutant lines (Zakir, 2018). In the M1V4 to M1V9 stages, uniform clones can 

be reproduced and planted in experimental trials to assess their performance in 

terms of desired traits (Spencer-Lopes et al., 2018). Replicated trials of chosen 

mutants are conducted as early as M1V4, using either parental or local lines as 

checks. 

Mutant testing and official release 

After the emergence of a mutant line displaying a favorable trait, the subsequent 

step involves seed multiplication to facilitate extensive field and multi-

locational trials, ultimately leading to potential varietal release (Zakir, 2018). 

During this phase, the mutant line, alongside the parent cultivar and other 

existing varieties, undergo thorough testing. Before its introduction as a 

commercial cultivar, the potential mutant is evaluated comprehensively for 

various attributes such as growth habits, structural characteristics, and yield 

components. These evaluations are conducted across a diverse range of 
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environments, considering factors like water availability, plant density, sowing 

dates, and other relevant parameters (Roychowdhury & Tah, 2013). 

The final assessment is executed in subsequent generations, typically M1V9 and 

M1V10, tailored to the specific plant species. Upon successful evaluations, the 

selected mutant clone(s) can be released as novel and improved mutant 

varieties, poised for cultivation and utilization (Spencer-Lopes et al., 2018). 
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CHAPTER THREE 

GENETIC DIVERSITY OF TIGER NUTS (Cyperus esculentus L.) 

GROWN IN GHANA BASED ON MORPHO-DESCRIPTORS AND SSR 

MARKERS 

INTRODUCTION 

Tiger nut (Cyperus esculentus L.) is a perennial weed in the sedge family 

(Cyperaceae). The crop is known to many as chufa, nutgrass, earth almond, 

water grass, rush nut, yellow nutsedge and northern nutgrass (Shilenko et al., 

1979). The origin of Cyperus esculentus is generally uncertain. While some 

believe that tiger nut is a native to Africa and Asia (DAISIE, 2014), others are 

of the view that it originated from Europe and North America (Govaerts, 2014; 

USDA-ARS, 2014).  

The plant is tough, erect, growing from a perennial tuber-bearing rhizome, and 

has fibrous roots. It grows to a height of 30-90 cm tall, producing seeds with 

many slender rhizomes forming runners above the ground. The tips of the 

underground stems produce tubers which are of economic importance that 

appear in three different colours; black, brown, and yellow (Edo et al., 2024). 

The tuber, affectionately called nut, is a source of feed, food, medicine and 

perfumes (De Vries, 1991; Gambo and Da’u, 2014). It can be eaten dried raw, 

roasted, baked, or made into a refreshing beverage called Horchata De Chuf (in 

Spain), ‘kunnu aya’ (in northern Nigeria), and ‘atadwe milk’ (in Ghana).  

Though tiger nut is an underutilised and largely unexploited crop, it has high 

export potential (Tetteh and Ofori, 1998) and if adequately resourced, would 

provide Ghana with foreign exchange. For example, in the year 2021, Ghana 
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exported 39,560 mt worth  US$ 93,960 (Tridge, 2022). Ghana exports her tiger 

nuts to many countries in Europe, Asia and United States of America (Novor & 

Donkor, 2024).  

Despite the nutritional, medical, and economic benefits of tiger nut, the crop 

remains an orphan (Donkor et al., 2019), probably, due to its invasiveness and 

obnoxious weed character coupled with minor scientific and technological 

studies to promote its enormous potential for use. 

Unlike other crops such as maize and cowpea, tiger nut cultivation has received 

little agronomic and breeding attention for improvement. Very few studies had 

been conducted on its production globally. Research available had been focused 

on its morphological studies and nutritional value with scanty information on 

its molecular survey. Limited studies in Ghana had focused only on the 

morphological characterization of Ghana accessions (Asare et al., 2020; Donkor 

et al., 2019). The use of these locally unimproved cultivars over the years 

accumulates pests and diseases and, consequently low yields. The use of 

morphological or phenotypic characterization for diversity studies presents 

challenges including time consuming, labour intensive and the interferance of 

the environment leading to phenotypic plasticity (Anumalla et al., 2015; Xiao 

et al., 2022). A combined methodology utilizing both morphological descriptors 

and molecular markers offer a robust approach to uncovering the diversity 

within population (Sharma et al., 2022; Verma et al., 2024). Consequently, it is 

essential to investigate the diversity present in the local tiger nuts accessions 

available for parental selection aimed at improvements in Ghana. The objective 

of this study was to assess the diversity among the 42 tiger nut accessions in 
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Ghana using 11 morpho descriptors and 9 simple sequence repeats (SSR) 

markers. 

Materials and Methods 

Collection of germplasm 

The studied accessions consisted of landrace varieties cultivated by farmers in 

Ghana. These germplasms were collected from major cultivation regions within 

the country. A total of 42 accessions, comprising 24 brown, 12 black, and 6 

yellow varieties, were sourced directly from farmers in key growing 

communities across the Northern, Upper East, Upper West, Bono East, Eastern, 

and Central regions of Ghana. The geographical locations from which these 

accessions were gathered are depicted in Figure 3.1. 

 

Figure 3.1: Map of Ghana showing geographical locations where accessions 

were collected. 
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Accessions lacking passport data were assigned names based on the initial three 

letters of the corresponding town or community name where the collection took 

place, followed by the tuber colour. To distinguish accessions of the same 

colour from the same town, numerical identifiers were added. For instance, 

YEN-b1, YEN-b2, and YEN-b3 denote Yendi brown 1, Yendi brown 2, and 

Yendi brown 3, respectively (see Table 1). The tubers were securely packaged 

and tagged using zip-locked polythene bags before being transported to the 

University of Cape Coast Teaching and Research Farm. 

Table 3.1: Accessions, place of collection and colour of the tuber 

S/N Accession Colour  Place/ Area of 

collection 

Region 

1 
ADU- b 

Brown Aduamoa Eastern 

2 
ADU- B 

Black Aduamoa Eastern 

3 
ADU- Y 

Yellow Aduamoa Eastern 

4 
APR- b 

Brown Assin Praso  Central 

5 
ASU- b 

Brown Asukese No.2 Eastern 

6 
BAJ- b 

Brown Bawjiase Central 

7 
BAJ- B 

Black Bawjiase Central 

8 
BAJ- Y 

Yellow Bawjiase Central 

9 

BAW- b 

Brown Bawku Upper 

East 

10 
BEP- B 

Black Beposo Central 

11 
BEP- Y 

Yellow Beposo Central 

12 

BUO- b 

Brown Buoyam Bono 

East 

13 

BUO- B 

Black Buoyam Bono 

East 

14 
DED- b 

Brown Dedeso Eastern 

15 
DEM- b 

Brown Demso Eastern 

16 
ENK- b 

Brown Enkroful Central 

17 
ENK- B 

Black Enkroful Central 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



58 
 

18 

GYI- b 

Brown Gyilli Upper 

East 

19 

KAL- b 

Brown Kaleo Upper 

West 

20 

KAL- B 

Black Kaleo Upper 

West 

21 
MBA- b 

Brown Mbaabaasa Central 

22 
MBA- B 

Black Mbaabaasa Central 

23 
NEB- b 

Brown New Ebu Central 

24 
OBR- b 

Brown Obratwawu Central 

25 
OBR- B 

Black Obratwawu Central 

26 
OBR- Y 

Yellow Obratwawu Central 

27 
OEB- b 

Brown Old Ebu Central 

28 
OEB- B 

Black Old Ebu Central 

29 
OFF- b 

Brown Offinso Eastern 

30 
PUT- b 

Brown Putobio Central 

31 
PUT- B 

Black Putobio Central 

32 

SAN- b 

Brown Sankana Upper 

West 

33 

TAK- b 

Brown Takpo Upper 

West 

34 

TAK- B 

Black Takpo Upper 

West 

35 
TWI- b 

Brown Twifo Praso Central 

36 
TWI- Y 

Yellow Twifo Praso Central 

37 
WIO- b 

Brown Wiomua Central 

38 
WIO- B 

Black Wiomua Central 

39 
YEN- b1 

Brown Yendi Northern 

40 
YEN- b2 

Brown Yendi Northern 

41 
YEN- b3 

Brown Yendi Northern 

42 

ZEB- Y 

Yellow Zebila Upper 

West 

 

Experimental site and culture 

The experiment was conducted at the Teaching and Research Farm of the 

University of Cape Coast during the major growing season, spanning from May 
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to September 2021. The experimental site is situated between 5° 6′ N and 1° 15′ 

W, experiencing a bimodal rainfall pattern with an annual rainfall amount of 

773.7 mm. The primary rainy season typically occurs from April to June, 

followed by a minor season from September to October, while dry spells 

(harmattan) are prevalent from November to February. The average temperature 

at the site was 25.8°Cwith an average relative humidity of 86.3%. The land, 

previously utilized for eggplant cultivation, was ploughed and harrowed to a 

depth of approximately 30 cm. The soil type was identified as sandy loam with 

a pH of 6.1. 

An 85 m2 area (5 m x 17 m) of land was prepared and subdivided it into plots. 

A total of 126 plots were established, each measuring 0.6 m x 1 m, following a 

randomized complete block design with 3 replications. Each replication 

consisted of 42 plots, and within each plot, 10 tubers were planted per genotype 

at a spacing of 15 cm x 20 cm. Before planting, the genotypes underwent hydro-

priming, involving a 6-hour water soaking in disposable Styrofoam cups 

measuring 12 oz (355 ml). This step aimed to eliminate non-viable tubers (those 

that floated) and promote sprouting. Planting commenced after priming, and the 

harvesting was conducted 98 days after planting (DAP), although certain 

genotypes exhibited early signs of maturity at 85/86 DAP. Routine weeding and 

irrigation were carried out as necessary.  

Germplasm for molecular profiling 

The 42 accessions were cultivated in pots within a screen house located at the 

Biotechnology Laboratory of the CSIR-Crops Research Institute in Fumesua, 

Ashanti Region of Ghana. These accessions were established using tubers 

collected from the field at the Teaching and Research Farm of the University of 
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Cape Coast. Forty-one (41) were viable for DNA extraction, while accession 

ADU-b did not germinate (as shown in Table 3.2). 

Table 3.2: Accessions used for the molecular study. 

S/N Genotype S/N Genotype S/N Genotype S/N Genotype 

1 APR-b 12 OBR-Y 23 DED-b 34 OEB-b 

2 BUO-b 13 NEB-b 24 SAN-b 35 TWI-b 

3 ZEB-Y 14 OBR-b 25 OFF-b 36 ENK-B 

4 ASU-b 15 BAJ-Y 26 TWI-Y 37 WIO-B 

5 MBA-b 16 BEP-Y 27 YEN-b1 38 TAK-B 

6 GYI-b 17 PUT-B 28 ENK-b 39 MBA-B 

7 TAK-b 18 WIO-b 29 DEM-b 40 BAJ-B 

8 YEN-b3 19 ADU-Y 30 OEB-B 41 ADU-B 

9 BAW-b 20 PUT-b 31 BUO-B   

10 YEN-b2 21 BEP-B 32 KAL-B   

11 BAJ-b 22 KAL-b 

 

33 OBR-B   

 

 

DNA extraction 

Fresh young leaves, weighing approximately 200 mg, were carefully excised 

from two-week-old plants using forceps and placed immediately into 2 ml 

Eppendorf tubes containing liquid nitrogen. To isolate DNA, the samples were 

homogenized with liquid nitrogen within the Eppendorf tubes. 

The DNA extraction process followed the Cetyltrimethylammonium bromide 

(CTAB) protocol established by Doyle and Doyle (1990). Firstly, 1 ml of 

freshly prepared CTAB extraction buffer (composed of 20 mM Tris HCl, 50 

mM EDTA, 2 M NaCl, 2% CTAB, and 3% β-mercaptoethanol) was added to 
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the homogenized leaf samples in 2 ml Eppendorf tubes. The mixture was 

vortexed for one minute and then incubated in a water bath at 65 °C for 25 

minutes with periodic inversion to ensure proper mixing. 

After cooling for five minutes, 800 µl of phenol chloroform isoamyl alcohol (in 

a ratio of 25:24:1) was gently added and mixed by inversion until the solution 

became milky. The tubes were then centrifuged at 13,000 rpm for 10 minutes 

using a GenFuge 24D centrifuge. Next, 800 µl of the supernatant was carefully 

transferred to new 2 ml labeled tubes without disturbing the middle layer. 

To the transferred supernatant, ice-cold absolute ethanol (900 µl) and 30 µl of 

3 M sodium acetate were added. The mixture was mixed and then incubated at 

-20 °C overnight. Following overnight incubation, the samples were again 

centrifuged at 13,000 rpm for 10 minutes, and the supernatant was discarded. 

The resulting DNA pellet was washed with 80% ethanol for 30 minutes. 

Subsequently, the pellets were dissolved in 500 µl of low salt buffer (consisting 

of Tris HCL, 8.0 – 1mM; EDTA, 8.0 – 0.1mM and Nuclease free water), and 

10 µl of RNase A (20 mg/ml) was added, followed by incubation at 37 °C for 

45 minutes. After this step, 250 µl of 7.5 M ammonium acetate was mixed with 

the samples, followed by a five-minute ice incubation. The mixture was then 

centrifuged at 13,000 rpm for 10 minutes, and the resulting supernatant was 

transferred to newly labeled 1.5ml Eppendorf tubes. 

To the transferred supernatant, isopropanol (700 µl) was added, mixed by 

inversion, and then incubated at -20 °C for 30 minutes. After this incubation, 

the samples were centrifuged at 13,000 rpm for 10 minutes. The supernatant 

was discarded, and the DNA pellets were washed with 1 ml of 80 % ethanol. 
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The washed DNA pellets were air-dried at room temperature and subsequently 

dissolved in 100 µl of low salt buffer. The extracted genomic DNA was 

quantified using a Nanodrop 2000C Spectrophotometer (Thermo Scientific, 

USA), and its quality was assessed using a 0.8 % agarose gel. 

SSR markers and Polymerase Chain Reaction (PCR) amplification 

From the collection of primers used for Cyperus rotundus marker transferability 

investigations (Arias et al., 2011), a total of twenty SSR primers were initially 

chosen. A primer validation process for bands applification was executed, 

resulting in the final selection of nine primers for this study (Table 3.3). PCR 

was performed using the OneTaq Quickload master mix PCR kit. The PCR 

amplification reaction volume was 10 µl was composing 6 µl of 2 X OneTaq 

Quickload master mix, 0.5 µl each of forward and reverse primers, 1 µl of 50 

ng DNA template, and 2 µl of nuclease-free sterile water (NFSW). 

PCR amplification was executed using a 96-well PCR thermal cycler (Veriti(R) 

AB Biosystems). The PCR cycling profile involved an initial denaturation at 

95°C for 1 minute, followed by 60°C for 1 minute (for 2 cycles), then 27 cycles 

of denaturation at 95°C for 30 seconds, annealing at 60°C for 30 seconds, 

extension at 68°C for 30 seconds, a final extension at 68°C for 4 minutes, and a 

hold at 4°C. For visualization, the PCR products were combined with 6X 

bromophenol blue dye (2 µl). 

The amplified products were then separated on a 6% polyacrylamide gel in Tris 

Boric acid EDTA (TBE) buffer, stained with Ethidium bromide, and 

subsequently captured using an Alphaimager HP (Protein Simple, USA) 

imaging system. 
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Table 3.3: SSR primers, sequences and expected product size used for the 

study. 

Primer Name Repeat Motifs Primer Sequence Expected band 

StvCyR_1a (AG) GCATTTCGTCACCTTCCATTAAAC (F) 193 

 

 

StvCyR_27b 

 

 

(TGG) 

TTACTTTGTTTGCAGTTGCAGAGG (R) 

 

95–444 

GAGTGAGGGAGTGAGAGAGGGAC 

(F) 

TATAGCAAAGTCAGCAGCGCAC (R) 

StvCyR_64a (GA) 

 

GTACAAACCACAAACCGTAGACCC  

(F) 
114–138 

ACTCTCCTCCTCCATCGTAAGCTC (R) 

StvCyR_126a (GA) 

GGCCTCCGTAAGAAGAAGAATGAC 

(F) 165-166 

AAGTTCAAGGCAGACGTTAAGCAC (R) 

StvCyR_142a 

 
(GA) 

CACGGTAAATTAAACATCACACGG (F) 
112 

TTGATCTAACACTTGTACTGCGCC (R) 

StvCyR_181a (GATA) 
TCAATAGAAGAATCCCACTCAGCC (F) 

135-157 
GTGGAGGTAAAGATCAGCAACCAG (R) 

StvCyR_156a (AT) 
TGCCCAGCTTTACATCTTAATTGC  (F) 

182-191 
CTGAACAACTGGCACATACAGAGC (R) 

StvCyR_254a 

 
(TA) 

AATCATGAAGGTGATTGGACAAGG (F) 
104-149 

CATCCATCCTCTTCTTTGTTCTCG (R) 

StvCyR_483a 

 
(GA) 

 

TGTGTTGTGTGGAAGAGAGGAGAG (F) 117-455 

AACAAACCTCAGAACTCAACTGCC (R) 

Source: Arias et al. (2011) 
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Data Collection and Analysis 

Agro-morphological data 

A total of eleven (11) morphological traits were meticulously documented, 

encompassing one qualitative and ten quantitatives. The collected data 

encompassed the following traits: percentage germination (PG), number of 

tillers per stand (NT), distance from the last tiller to the mother plant (DTP), 

plant height (PH), percentage inflorescence (PI), number of tubers per stand 

(NTS), number of rings per tuber (NRT), length per tuber (LT), width per tuber 

(WP), tuber shape (TS), and tuber size represented by 100-tuber weight per 

genotype (WT). 

For each genotype within a plot, data were extracted from five randomly 

selected plants. The measurements of NT, DTP, PH, and PI were taken during 

the flowering stage (inflorescence). The determination of NTS was carried out 

at harvest, while measurements for NRT, LT, WP, TS, and WT were conducted 

four days after harvesting. 

 PG, NT, PI, NTS, and NRT were determined through direct counting. 

Measurements of DTP and PH were acquired using a meter rule. LT and WP 

measurements were captured using a pair of Vernier calipers. Tuber shape was 

assessed based on the length-to-width ratio (L/W) (Figures 3.2A & 3.2B), 

categorizing tubers as oval (<1.3), ovoid (1.3-1.8), or oblong (>1.8) following 

the classification by Pascual et al. (2000). Tuber weight was obtained by 

weighing 100 randomly selected tubers per genotype using Shpunchun.en 

1000g Electronic Precision Analytical Lab Balance from China. 
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Univariate analysis, involving Analysis of Variance (ANOVA), as well as 

descriptive statistics such as mean, minimum, maximum, mean square, standard 

error, standard deviation, and coefficient of variation, were conducted using 

Genstat version 11.1 and Minitab version 21.1.1.0 statistical packages. 

For multivariate analysis encompassing clustering and principal component 

analysis, the Genstat, Minitab, and PAST version 4.03 statistical packages were 

employed.  

 

Assessment of the Relationship between Accessions for Morphological 

Studies 

Euclidean distance measurement  

Given the variations in measurement occuring in different units, the Pearson 

correlation coefficient was chosen as the suitable metric for genetic distance, as 

it not only standardizes the data but also mitigates the impact of scale 

differences. In this context, the squared correlation was adopted as the genetic 

distance, following the approach outlined by Edwards (Edwards 1976). 

The computation of minimum, maximum, and mean genetic distances within 

the population was accomplished using the diagonal pairwise distance matrix. 

All calculations and analyses were executed employing the Minitab version 

21.1.1.0 statistical software. 

Figure 3.2A: Width measurement of 

tuber 

Figure 3.2B: Length measurement of 

tuber 
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Cluster analysis 

The Unweighted Pair Group Method with Arithmetic Average (UPGMA) 

cluster analysis was utilized to examine the correlation distance matrix, aiming 

to discern clusters of similar morphological traits. This technique helps 

delineate both homogenous and potentially heterogeneous groups (Franco et al., 

2001), shedding light on the relationships among descriptors. The dendrograms 

produced were a result of the cluster analysis conducted. The level of agreement 

between the distance matrix and the dendrogram was evaluated using the 

cophenetic correlation coefficient (Sokal & Rohlf, 1962), utilizing the Genstat 

statistical package version 11.1. 

 

Principal component analysis 

The correlation matrix was utilized to perform principal component analysis 

(PCA) in order to reveal non-hierarchical relationships among the genotypes 

and ascertain the traits contributing most significantly to the differentiation of 

accessions. 

Utilizing singular value decomposition, the Eigen programme was employed to 

calculate correlation coefficients, eigenvalues, and eigenvectors, as well as the 

relative and cumulative proportions of total variance attributed to each 

character. Two-dimensional biplots were generated from the principal 

components using PAST version 4.03, allowing for the visualization of 

interrelationships between traits. The computations for Eigen analysis were 

conducted using the Minitab version 21.1.1.0 statistical package. 
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Statistical Analysis of Molecular Data 

Bands were ascribed a value of '1' to denote presence and '0' to indicate absence, 

based on the expected band sizes (as shown in Figure 3). Subsequently, a cluster 

analysis was conducted on the binary data using the Simple Matching 

Coefficient method and the Unweighted Pair Group Method with Arithmetic 

Average (UPGMA) in NTSYS Ver. 2.2.0. 

To assess genetic diversity, several parameters were calculated using the 

method proposed by Nei et al., (1983), utilizing Power Marker Software Ver. 

3.25. These genetic diversity parameters included major allele frequency (Na), 

allele number (Ne), gene diversity or expected heterozygosity (He), observed 

heterozygosity (Ho), and polymorphic information content (PIC). 

Figure 3.3: PAGE gel image of PCR products of the SSR marker 64A. 

50bp= Marker, Sample 1= APR-b, 2= BUO-b, 3= ZEB-Y, 4= ASU-b, 5= MBA- 

b, 6= GYI-b, 7=TAK-b, 8= YEN-b3, 9= BAW-b, 10= YEN-b2, 11= BAJ-b, 

12= OBR-Y, 13= NEB-b, 14= OBR-b, 15= BAJ-Y, 16= BEP-Y, 17= PUT-B, 

18= WIO-b, 19= ADU-Y, 20= PUT-b, 21= BEP-B, 22=KAL-b, 23= DED-b, 

24= SAN-b, 25= OFF-b, 26= TWI-Y, 27= YEN-b1, 28= ENK-b, 29= DEM-b, 

30= OEB-B, 31= BUO-B, 32= KAL-B, 33= OBR-B, 34= OEB-b, 35= TWI-b, 

36= ENK-B, 37= WIO-B, 38= TAK-B, 39= MBA-B, 40= BAJ-B, 41= ADU-

B. 
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Results and Discussion 

Variability in Agro-morphological Traits  

In all, percentage germination ranged from 3.33% to 100% with a mean of 

70.04. The least observed germination percentage was 3±7.7 and was recorded 

for the accession, OEB-b, a central region brown accession. The mean squares 

were significantly different for all traits except for the number of tubers per 

stand (NTS) which on average recorded 39.00 and ranged from 8.20 to 123.60 

per stand. A very large coefficient of variation (260.27%) indicating large 

phenotypic variation was observed for percentage inflorescence (PI). Among 

the 42 accessions, only seventeen (17) produced inflorescences. The presence 

of low genetic diversity within the accessions of the population accounted for 

the very few having inflorescence wheras majority did not flower. This is not 

surprising as tiger nuts hardly flower (Defelice, 2002) especially with such local 

accessions which are unimproved coupled with the vegetative propagated 

nature of the crop that rarely hybridizes naturally. The flowers observed were 

whitish-green (pale green) for all the accessions that flowered irrespective of 

the differences in the colours of the tubers. Inflorescence was less frequently 

observed in the black-tuber genotypes (3) and yellow-tuber genotypes (3) as 

compared to the brown-tuber genotypes (11). This is in agreement with earlier 

reports that not all tiger nut accessions do produce flowers (Yang et al., 2022) 

and even those which produce flowers rarely do so on the field (De Vries, 1991). 

Therefore the assertion that tiger nuts produce copious seeds for propagation 

(Stoller and Sweet, 1987; Larridon et al., 2013; De Castro et al., 2015) may not 

apply to all accessions. 
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Yield (HTW) and yield components (LT, WT, TS) also varied widely as 

indicated by a high coefficient of variation values and highly significant (p < 

0.001) mean squares (Table 3.4). This is an indication that selecting accessions 

with higher  number and weight of tubers per stand and inducing mutation in 

them is very crucial to addressing the issue of lower yield among this gene pool 

for more diversity (Roychowdhury & Tah, 2013; Oladosu et al., 2016).Among 

the 42 accessions, the highest mean weight (HTW) of 201.7g± 0.4 was produced 

by in OFF-b from the Eastern Region. This was followed by another brown 

accession, APR-b from the Central Region with 186.0g ± 0.1. BUO-B from the 

Bono East Region ranked 7th with HTW of 175.4g± 0.4 and was the highest 

yield among the black accessions. Next to this was ENK-B from the Central 

Region, another black accession which produced a HTW of 174.4g±0.4 (Table 

3.5). 

Twenty- five (25) accessions out of the 42 studied were oval. Majority of these 

were accessions collected from the Central Region of Ghana and possessed all 

three tuber colours (black, brown and yellow). Ten were ovoid where the 

majority were brown and were also Central Region accessions. The remaining 

seven accessions had oblong and brown tubers with the majority (99%) made 

up of Eastern Region collection (Table 3.1). This affirms an earlier observation 

made that a greater number of brown oblong tiger nut accessions in Ghana are 

of Eastern Region origin (Asare et al., 2020). 

  

  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



70 
 

Table 3.4: Means, standard errors, mean squares, standard deviations, 

coefficient of variations and range of 11 morpho-descriptors of the 42 

tiger nut genotypes used for the study and levels of significance 

differences. 

Variable Mean SE  MS SD CV       Min       Max 

Sig. 

Level 

(p-

value) 

PG 70.04 2.47 1323.50 27.70 39.54 3.33 100.00 *** 

NT 13.09 0.51 53.72 5.752 43.93 1.00 33.00 *** 

DTP 9.45 0.24 9.53 2.673 28.27 1.40 17.20 * 

PH 91.77 1.97 806.10 22.10 24.08 15.80 132.40 *** 

PI 0.33 0.08 1.02 0.85 260.27 0.00 5.00 ** 

NTS 39.00 1.82 504.70 20.46 52.45 8.20 123.60 Ns 

NRT 5.75 0.05 0.62 0.50 8.71 5.00 7.00 *** 

LT 19.46 0.53 76.12 5.95 30.58 8.45 38.70 *** 

WT 14.22 0.21 11.33 2.38 16.71 6.75 19.75 *** 

TS 1.38 0.04 0.36 0.40 29.32 0.92 2.79 *** 

HTW 133.46 3.44 4554.42 38.65 28.96 30.98 201.87 *** 

PG= percentage germination; NT= number of tillers per plant, DTP= distance 

of the last tiller from the main plant, PH= plant height, PI= percentage 

inflorescence, NTS= number of tubers per stand, NRT= number of rings per 

tuber, LT= length of tuber, WT= width of tuber, TS= tuber shape; HTW= 

hundred tuber weight. 
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Table 3.5: Mean, minimum, maximum and standard deviations of morpho-descriptors and yield traits of the 42 tiger nut genotypes. 

Genotype PG (%) NT DTP (cm) PH (cm) PI (%) NTS NRT LT (mm) WT (mm) TS HTW (g) 

            

ADU- b 86.7 (60-100) 23.1 14.9 (11-20) 4.4 11.5 (10-15) 2.8 103.6 (93-117) 12.5 0.0 (0-0) 0.0 28.7 (11-46) 17.1 6.0 (6-6) 0.0 26.5 (22-34) 6.8 14.0 (12-16) 2.1 1.9 (2-2) 0.3 183.0 (183-183) 
0.1 

ADU- B 94.4 (87-100) 6.9 10.1 (8-13) 2.9 8.4 (7-10) 1.3 101.6 (91-114) 11.83 0.0 (0-0) 0.0 42.1 (29-64) 18.9 6.0 (6-6) 0.0 18.8 (17-20) 1.4 16.7 (15-19) 1.9 1.1 (1-1) 0.1 132.0 (132-132) 

0.0 

ADU- Y 91.1 (80-100) 10.2 8.1 (7-10) 1.2 9.6 (9-10) 0.3 95.1 (86-111) 13.8 0.3 (0-1) 0.6 12.9 (11-15) 2.0 6.0 (6-6) 0.0 22.5 (19-25) 3.0 13.1 (12-15) 1.2 1.7 (2-2) 0.3 113.4 (113-114) 

0.4 

APR- b 74.4 (63-83) 10.2 22.7 (12-29) 9.2 9.9 (8-12) 2.0 95.5 (90-101) 5.5 0.3 (0-1) 0.6 27.9 (11-48) 18.9 5.0 (5-5) 0.0 23.3 (17-32) 7.8 13.4 (11-15) 2.1 1.7 (1-2) 0.3 186.0 (186-186) 
0.1 

ASU- b 57.8 (40-83) 22.7 18.2 (14-26) 6.6 11.5 (10-13) 2.9 104.2 (93-112) 9.6 0.3 (0-1) 0.6 42.1 (42-43) 0.6 6.3 (6-7) 0.6 26.5 (23-32) 5.1 14.6 (14-16) 0.9 1.8 (2-2) 0.2 185.2 (185-185) 

0.2 
BAJ- b 41.1 (20-63) 21.7 12.0 (5-18) 6.7 10.0 (5-13) 4.5 96.6 (34-108) 38.1 0.3 (0-1) 0.6 34.1 (16-48) 16.3 5.3 (5-6) 0.6 18.3 (15-22) 3.7 16.1 (15-17) 0.9 1.1 (1-1) 0.2 114.1 (114-114) 

0.1 

BAJ- B 85.6 (73-100) 13.5 9.7 (6-12) 3.4 9.6 (9-10) 0.7 83.3 (81-85) 1.6 0.3 (0-1) 0.6 21.9 (12-32) 10.0 6.0 (6-6) 0.0 16.5 (14-19) 2.1 15.3 (13-17) 2.0 1.1 (1-1) 0.0 131.2 (131-132) 
0.4 

BAJ- Y 22.2 (7-40) 16.8 10.7 (6-18) 6.8 4.2 (1-8) 3.1 49.3 (26-81) 28.0 0.0 (0-0) 0.0 47.9 (25-87) 33.8 5.0 (5-5) 0.0 14.4 (13-16) 1.5 13.4 (12-16) 1.9 1.1 (1-1) 0.0 78.4 (78-79) 0.4 

BAW- b 85.6 (60-100) 22.2 24.2 (14-33) 9.6  8.7 (8-10) 1.1 104.8 (97-118) 11.6 1.3 (0-4) 2.3 61.7 (15-113) 49.0 5.0 (5-5) 0.0 8.8 (8-9) 0.4 8.7 (13-14) 2.0 1.0 (1-1) 0.1 177.2 (177-177) 
0.2 

BEP- B 62.2 (37-80) 22.7 22.2 (16-29) 6.6 11.4 (10-13) 1.4 88.6 (83-94) 5.2 0.0 (0-0) 0.0 39.1 (33-45) 6.1 6.0 (6-6) 0.0 18.0 (16-20) 1.7 13.7 (13-14) 1.1 1.3 (1-1) 0.1 143.3 (143-144) 

0.4 
BEP- Y 47.8 (37-57) 10.2 21.7 (14-33) 10.0 10.5 (10-12) 1.2 82.6 (81-85) 2.5 0.7 (0-2) 1.2 20.6 (8-28) 10.8 5.0 (5-5) 0.0 15.5 (14-17) 1.5 13.4 (12-16) 2.3 1.2 (1-1) 0.1 86.1 (86-86) 0.1 

BUO- b 88.9 (77-97) 10.7 13.6 (11-18) 3.8 8.5 (7-11) 2.2 113.3 (96-126) 15.8 0.0 (0-0) 0.0 43.1 (40-46) 3.0 6.0 (6-6) 0.0 30.8 (27-34) 3.3 15.4 (15-16) 0.6 2.0 (2-2) 0.2 126.0 (126-126) 

0.1 
BUO- B 74.4 (50-100) 25.0 16.6 (10-22) 5.6 9.2 (7-11) 2.0 100.1 (92-104) 6.6 0.0 (0-0) 0.0 45.9 (29-71) 22.4 6.0 (6-6) 0.0 19.9 (18-23) 2.6 17.2 (16-20) 2.2 1.2 (1-1) 0.0 175.4 (175-176) 

0.4 

DED- b 77.8 (73-83) 5.1 14.3 (4-19) 5.0 10.9 (9-14) 2.7 99.3 (90-108) 9.1 0.0 (0-0) 0.0 38.5 (12-54) 23.2 6.0 (6-6) 0.0 30.3 (25-39) 7.3 12.4 (10-14) 1.8 2.4 (2-3) 0.4 136.0 (136-136) 
0.1 

DEM- b 63.3 (40-100) 32.1 10.1 (8-12) 1.8 8.9 (8-10) 1.2 94.6 (84-108) 12.5 0.0 (0-0) 0.0 51.2 (36-69) 17.1 5.3 (5-6) 0.6 25.5 (21-28) 3.8 13.6 (12-16) 2.2  1.9 (2-2) 0.4 180.1 (180-180) 

0.2 
ENK- b 45.6 (30-67) 19.0 13.5 (9-19) 5.1 10.5 (10-11) 0.7 93.3 (79-107)  

13.6 

0.0 (0-0) 0.0 38.7 (17-61) 22.3 6.0 (6-6) 0.0 19.7 (16-22) 3.0 14.9 (14-17) 1.7 1.3 (1-1) 0.1 133.3 (133-133) 

0.3 

ENK- B 87.8 (77-100) 11.7 17.7 (13-23) 4.8 12.6 (11-14) 1.4 97.9 (84-107) 12.4 0.0 (0-0) 0.0 58.9 (53-64) 5.2 6.0 (6-6) 0.0 18.2 (17-20) 1.7 15.8 (13-18) 2.3 1.2 (1-1) 0.1 174.4 (174-175) 
0.4 

GYI- b 57.8 (43-67) 12.6 14.3 (8-19) 5.3 10.1 (5-15) 4.8 82.1 (69-104) 19.1 0.0 (0-0) 0.0 24.3 (10-37) 13.6 6.0 (6-6) 0.0 15.2 (13-18) 2.6 14.8 (13-17) 1.8 1.0 (1-1) 0.1 100.7 (100-101) 

0.6 
KAL- b 82.2 (47-100) 30.8 11.8 (10-15) 3.0 9.8 (9-11) 1.2 95.5 (77-109) 17.0 0.0 (0-0) 0.0 35.3 (17-51) 17.1 5.0 (5-5) 0.0 16.7 (14-20) 3.3 13.3 (12-15) 1.1 1.2 (1-1) 0.1 78.0 (78-78) 0.0 

KAL- B 98.9 (97-100) 1.9 12.0 (10-14) 2.0 9.7 (8-11) 1.4 97.7 (90-102) 7.0 0.3 (0-1) 0.6 33.3 (21-42) 10.9 6.0 (6-6) 0.0 17.6 (17-20) 1.6 15.8 (14-18) 2.1 1.1 (1-1) 0.1 105.6 (105-106) 
0.6 

MBA- b 61.1 (17-90) 39.1 10.8 (7-15) 4.1 9.5 (6-12) 3.1 84.1 (42-119) 39.0 0.0 (0-0) 0.0 41.1 (21-59) 19.0 6.0 (6-6) 0.0 24.3 (20-30) 5.3 14.8 (12-17) 2.3 1.6 (2-2) 0.1 162.0 (162-163) 

0.4 
MBA- B 60.0 (27-90) 31.8 13.1 (10-15) 2.8 9.9 (8-11) 1.4 90.5 (78-105) 13.5 0.0 (0-0) 0.0 57.8 (52-64) 6.0 6.0 (6-6) 0.0 17.8 (17-18) 1.0 16.4 (16-18) 1.0 1.1 (1-1) 0.1 174.1 (174-174) 

0.3 
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NEB- b 82.2 (53-100) 25.2 9.9 (8-12) 2.1 7.4 (6-9) 1.6 105.5 (75-122) 26.1 1.0 (0-2) 1.0 20.0 (14-26) 6.0 6.0 (6-6) 0.0 18.0 (14-23) 4.8 12.5 (11-17) 1.0 1.4 (1-2) 0.3 119.0 (119-119) 

0.1 
OBR- b 90 (77-100) 12.0 16.1 (16-16) 0.1 10.5 (7-13) 3.1 104.0 (99-107) 4.2 0.7 (0-2) 1.2 33.1 (17-42) 14.2 5.0 (5-5) 0.0 23.5 (16-32) 7.8 13.3 (12-14) 1.0 1.7 (1-2) 0.4 169.5 (169-170) 

0.5 

OBR- B 66.7 (47-90) 21.9 14.7 (9-18) 4.8 11.3 (8-13) 2.7 86.4 (82-89) 3.6 0.0 (0-0) 0.0 49.7 (32-77) 23.9 6.0 (6-6) 0.0 23.0 (17-30) 6.7 14.4 (11-16) 2.6 1.7 (1-3) 0.9 138.2 (138-138) 
0.3 

OBR- Y 95.6 (87-100) 7.7 11.7 (10-14) 2.3 9.9 (7-11) 2.2 110.3 (104-121) 9.2 1.0 (0-2) 1.0 33.3 (30-35) 2.7 5.3 (5-6) 0.6 18.2 (15-23) 4.5 15.5 (15-17) 0.5 1.1 (1-1) 0.2 118.1 (118-118) 

0.3 
OEB- b 12.2 (3-17) 7.7 2.6 (1-3) 1.4 3.4 (2-4) 1.6 27.8 (16-34) 10.4 0.0 (0-0) 0.0 13.0 (12-14) 1.0 6.0 (6-6) 0.0 12.6 (12-13) 0.2 9.9 (10-10) 0.2 1.3 (1-1) 0.0 43.4 (43-44) 0.4 

OEB- B 48.9 (27-83) 30.0 11.5 (10-14) 2.5 10.3 (8-12) 1.9 77.0 (67-82) 8.8 0.0 (0-0) 0.0 46.9 (43-53) 5.1 6.3 (6-3) 0.6 19.4 (15-24) 4.8 16.3 (14-20) 3.0 1.2 (1-1) 0.1 163.0 (163-163) 

0.0 
OFF- b 76.7 (43-100) 29.6 11.6 (8-15) 3.3 8.9 (7-10) 1.4 112.8 (99-132) 17.4 3.0 (1-5) 2.0 33.6 (22-49) 13.9 6.0 (6-6) 0.0 28.7 (27-31) 2.0 14.4 (11-18) 3.2 2.1 (2-3) 0.6 201.7 (201-202) 

0.4 
PUT- b 63.3 (40-97) 29.6 14.7 (11-17) 3.3 12.3 (10-14) 1.7 83.4 (82-86) 2.3 0.0 (0-0) 0.0 41.0 (37-43) 3.6 6.7 (6-7) 0.6 23.4 (21-28) 3.7 16.0 (15-17) 1.2 1.5 (1-2) 0.1 159.1 (159-159) 

0.2 

PUT- B 85.6 (70-97) 13.9 11.5 (10-12) 1.5 9.9 (7-11) 1.2 104.1 (93-117) 12.3  0.0 (0-0) 0.0 38.6 (24-52) 13.8 6.0 (6-6) 0.0 17.3 (17-18) 0.9 16.2 (16-17) 0.9 1.1 (1-1) 0.1 171.2 (171-171) 
0.2 

SAN- b 76.7 (67-97) 17.3 8.7 (7-11) 2.0 8.8 (8-10) 1.3 101.7 (92-109) 8.6 0.0 (0-0) 0.0 30.4 (23-43) 11.1 6.0 (6-6) 0.0 19.5 (18-21) 1.3 14.8 (14-16) 1.3 1.3 (1-1) 0.1 113.1 (113-114) 

0.3 
TAK- b 81.1 (63-93) 15.8 12.0 (8-16) 3.8 10.5 (8-13) 2.7 96.1 (83-105) 11.2 1.0 (0-3) 1.7 28.7 (22-41) 11.0 6.0 (6-6) 0.0 19.7 (15-24) 4.4 15.5 (15-17) 1.3 1.3 (1-1) 0.2 135.1 (135-135) 

0.3 

TAK- B 71.1 (50-87) 19.0 12.5 (9-18) 4.5 10.1 (8-12) 2.1 92,6 (89-99) 5.4 0.3 (0-1) 0.6 47.7 (26-63) 19.0 6.0 (6-6) 0.0 18.6 (16-20) 2.2 15.8 (15-17) 0.8 1.2 (1-1) 0.1 119.4 (119-120) 
0.4 

TWI- b 41.1 (27-57) 15.0 11.7 (8-17) 4.5 8 (5-10) 2.5 92.7 (62-108) 26.4 0.3 (0-1) 0.6 54.3 (35-91) 32.0 5.3 (5-6) 0.6 25.7 (17-36) 9.8 14.6 (13-17) 2.2 1.7 (1-2) 0.4 167.1 (167-168) 

0.5 
TWI- Y 73.3 (20-100) 46.2 10.5 (8-14) 2.9 9.3 (8-12) 2.2 86.9 (50-109) 32.1 0.0 (0-0) 0.0 51.3 (32-80) 25.2 5.7 (5-6) 0.6 14.0 (13-15) 1.1 13.5 (13-14) 0.9 1.0 (1-1) 0.1 119.0 (119-119) 

0.1 

WIO- b 36.3 (13-50) 20.0 11.6 (7-14) 3.8 7.3 (4-9) 2.5 81.7 (48-99) 29.5 0.0 (0-0) 0.0 44.5 (21-67) 23.2 5.0 (5-5) 0.0 19.6 (19-21) 1.0 13.7 (13-15) 1.1 1.4 (1-1) 0.0 129.4 (129-130) 
0.5 

WIO- B 43.3 (10-77) 33.3 14.4 (6-21) 7.3 7.9 (3-11) 4.1  60.6 (16-85) 38.5 0.0 (0-0) 0.0 40.4 (18-57) 20.2 6.0 (6-6) 0.0 16.1 (15-18) 1.7 14.5 (14-16) 1.0 1.1 (1-1) 0.0 120.3 (120-121) 

0.3 
YEN- b1 100 (100-100) 0.0 10.3 (8-14) 2.9 10.1 (7-12) 2.7 111.7 (105-118) 6.2 0.0 (0-0) 0.0 37.9 (29-54) 14.0 5.0 (5-5) 0.0 15.5 (14-17) 1.5 12.5 (12-13) 0.5 1.2 (1-1) 0.2 93.4 (93-94) 0.4 

YEN- b2 85.6 (60-100) 22.2 9.2 (5-12) 4.0 8.0 (6-10) 2.1 99.3 (94-109) 8.1 1.3 (0-2) 1.2 27.4 (25-31) 3.5 5.3 (5-6) 0.6 16.0 (14-20) 3.4 14.2 (14-15) 0.6 1.1 (1-1) 0.2 97.4 (97-98) 0.4 

YEN- b3 76.7 (30-100) 40.4 14.1 (6-20) 7.1 7.7 (5-10) 2.1 89.2 (52-110) 32.0 1.0 (0-2) 1.7 75.7 (14-124) 55.8 6.0 (6-6) 0.0 9.8 (9-11) 1.1 8.0 (7-9) 1.1 1.2 (1-1) 0.1 31.0 (31-31) 0.1 
ZEB- Y 88.9 (67-100) 19.2 8.3 (6-11) 2.3 10.4 (7-17) 5.9 97.1 (93-129) 28.8 0.0 (0-0) 0.0 44.5 (33-51) 9.8 6.0 (6-6) 0.0 14.5 (13-17) 2.5 14.9 (13-18) 3.1 1.0 (1-1) 0.1 120.5(120-121) 

0.2 

PG= percentage germination; NT= number of tillers per plant, DTP= distance of the last tiller from the main plant, PH= plant height, PI= percentage 

inflorescence, NTS= number of tubers per stand, NRT= number of rings per tuber, LT= length of tuber, WT= width of tuber, TS= tuber shape; 

HTW= hundred tuber weight.

Table 3.1 Continued  
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Cluster analysis of morpho-descriptors  

The hierarchical cluster analysis based on complete linkage technique and 

Euclidean distance similarity matrix grouped the accessions into seven major 

clusters at a similarity distance measure of 0.94 within a range of 0.8 to 1.0 

(Figure 3.5). The optimum number of clusters were generated following the 

elbow method (Thorndike, 1953). With this method, the nuber of clusters were 

chosen at the point on the screw plot where the curve bends (Figure 3.4). The 

high-ranged similarity index indicated low genetic variability within the 

genotypes as indicated by Asare and co-workers (Asare et al., 2020). A similar 

observation was made when twenty-four local tiger nut accessions from Ghana 

were categorized into six main clusters as per the agro-morphological traits 

(Donkor et al., 2019). 

 

 

 

 

 

 

 

 

 

Figure 3.4. Srew plot showing the optimal number of clusters determined by 

the elbow method. 
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Figure 3.5: Relationship among the 42 tiger nut genotypes based on 11 

morpho-descriptors. Clusters were generated using the Euclidean similarity 

matrix and UPGMA cluster method.  

Cluster I was made up of 8 accessions (19.0% of the total accessions). These 

accessions were clustered on the premise of similarity in yield and its related 

characteristics as the length of tuber, tuber shape and hundred tuber weight 

(Figure 3.6). Their tubers were oblong longer and characterized by high tuber 

weight (hundred tuber weight) (Table 3.5). The accessions were all brown-

coloured with four from the Eastern Region, three from Central Region and one 

from Bono East Region.   
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Cluster II was the largest and heterogeneously consisted of 28 accessions with 

three sub-clusters. It contained 67% of the accessions being a mixture of brown, 

yellow and black-coloured accessions and the tubers were oval or ovoid. 

Accessions here were grouped based on percentage germination, number of 

tillers, distance of the last tiller from the main plant, plant height, number of 

rings per tuber and tuber width. Sub-cluster A had 13 of the accessions, which 

were characterized by tall plant height, high number of rings per tuber and 

production of inflorescences. The tubers were mostly oval with few ovoid 

shapes and from Upper East, Upper West, Northern, Eastern and Central 

Regions. Sub-cluster B had 11 accessions that were characterized by very high 

numbers of tiller numbers (Table 3.5). They were dominated by accessions with 

black-coloured tubers; and made up of about 90% of Central Region collections, 

except for TAK-B which was collected from Takpo in the Upper West Region 

of Ghana. These findings agree with earlier observations made that black tiger 

nuts in Ghana are mostly found in the Central Region (Asare et al., 2020). TAK-

B might have found itself in the Upper West Region probably due to migration 

by traders.  Sub-cluster C had four accessions consisting of two browns, one 

black and one yellow accession which produced oval-shaped tubers. These 

accessions were similar in traits such as having moderately low germination 

percentages and producing medium numbers of tillers (Table 3.5). However, 

three accessions (BAJ-b, WIO-B, BEP-Y) were Central Region collections with 

the remaining one (GYI-b) from Upper West. 

Clusters III and IV comprised of only one accession each (BAW-b and YEN-

b3) which produced brown-coloured and oval in shaped tubers, and from the 

Upper East and Nothern regions respectively. YEN-b3 produced the highest 
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number of tubers and was followed by BAW-b. Though YEN-b3 produced the 

highest number of tubers, it had the least in hundred-tuber-weight among all the 

accessions; thus, the smallest tubers were produced by it. Cluster V was made 

up of only one accession (OFF-b), an Eastern Region collection. It produced 

oblong-brown tubers, the highest number of inflorescence and the highest 

hundred-tuber-weight (Table 3.5). Cluster VI had two accessions from the 

Central Region, which produced oval-type, yellow and brown tubers (Figure 

3.5). They were grouped because they had low percentage germination and were 

characterized by short plant height (Table 3.5). Cluster VII was made up of only 

one oval-brown accession which hailed from the Central Region of Ghana. It 

had the lowest germination percentage and was the shortest in height with very 

short tiller distances (Table 3.5). 

Principal component analysis of morphological studies 

Variability among the 42 tiger nut accessions for the traits (both qualitative and 

quantitative) by the PCA biplot revealed a scattered distribution of the 

accessions for all the traits indicating large variations. However, the biplot 

topography exhibited clustered coverage for many accessions with only three of 

them largely dispersed from the others inferring less genetic diversity among 

the accessions. Accessions within tight angles of < 900 and angles > 2700 are 

closely related while those 1800 apart are uncorrelated and could be considered 

in heterotic groups for future improvement. The three accessions that separated 

from the others were (18: GYI-b), (28: OEB-B) and (30: PUT-b) (Figure 3.6.). 
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Figure 3.6: PCA biplot showing groupings of the 42 tiger nut accessions based 

on 11 morpho-descriptors evaluated on the Eigenvalue scale. 

The first five PCs accounted for a total of 84.55% variability among the 42 

genotypes (Table 3.6). PC1 accounted for 39.629% of the variability with an 

Eigenvalue of 4.359 (Tables 3.6. & 3.7.). Traits that made major contribution to 

the variability included percentage germination, plant height, number of tillers, 

the distance of the last tiller from the main plant, number of rings per tuber and 

width of the tuber (Table 3.6.). PC 2 contributed to the variation by the length 

of the tuber, tuber shape and hundred tuber weight (Figure 3.7.).  
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Table 3.6: Eigenvalues of and contribution to the variance by the first five 

principal components of morphological trait evaluated. 

Variable PC1 PC2 PC3 PC4 PC5 

PG 0.307 -0.157 0.465 0.261 -0.183 

NT 0.227 -0.153 0.108 -0.562 0.536 

DTP 0.399 -0.265 -0.024 0.001 0.273 

PH 0.403 -0.040 0.357 0.068 -0.153 

PI 0.070 0.303 0.623 -0.061 0.064 

NTS 0.051 -0.306 -0.037 -0.607 -0.677 

NRT 0.338 -0.255 -0.136 0.199 -0.202 

LT 0.354 0.447 -0.297 0.049 -0.107 

WT 0.307 -0.280 -0.313 0.310 0.089 

TS 0.291 0.577 -0.114 -0.090 -0.186 

HTW 0.327 0.138 -0.193 -0.304 0.154 

Eigenvalue 4.359 1.492 1.389 1.291 0.770 

% Variance 39.63 13.56 12.63 11.73 7.00 

% Cumulative 39.63 53.19 65.82 77.55 84.55 

 PG= percentage germination; NT= number of tillers per plant, DTP= distance 

of the last tiller from the main plant, PH= plant height, PI= percentage 

inflorescence, NTS= number of tubers per stand, NRT= number of rings per 

tuber, LT= length of tuber, WT= width of tuber, TS= tuber shape; HTW= 

hundred tuber weight. 
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Table 3.7: Principal component analysis using 11 morphological traits 

evaluated among the 42 tiger nut accessions cultivated in Ghana based on 

correlation coefficient similarity matrix. 

PC Eigenvalue % Variance Proportion Cumulative 

1 4.359 39.629 0.396 0.396 

2 1.492 13.564 0.136 0.532 

3 1.389 12.630 0.126 0.658 

4 1.291 11.734 0.117 0.776 

5 0.769 6.995 0.070 0.846 

6 0.674 6.131 0.061 0.907 

7 0.522 4.743 0.047 0.954 

8 0.249 2.263 0.023 0.977 

9 0.172 1.561 0.172 0.016 

10 0.074 0.670 0.007 1.00 

 

 

Figure 3.7: PC biplots of variables indicating the contributions of the various 

traits of the tiger nut accessions.  
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Correlation among the morphological traits:  

The highest significant positive correlation of 0.899 at p<0.0001 was observed 

between the tuber shape and length of the tuber. This was followed by the 

association between plant height and percentage germination recording 0.844 at 

p<0.0001. A strong significant positive correlation of 0.636 (p<0.0001) existed 

between the distance of the last tiller from the main plant and the number of 

rings per tuber on one side and also between the width of the tuber (0.584 at 

p<0.0001) on another (Figure 3.8). Tillering and its effects on yield and yield 

related traits in tiger nuts have not fully been exploited (Asare et al., 2020) as 

in in rice and wheat (Iftikhar et al., 2012; Y. Wang et al., 2017). However, the 

strong significant positive correlation of the current study is suggestive that, 

selecting a genotype for tuber characteristics such as length/width ratio (tuber 

shape) and number of rings per tuber will not be deleterious to the selection of 

tillering distance, as certain traits could be selected as proxies for others (Adu 

et al., 2018).  Again, tillering distance (DTP) significantly positively correlated 

with percentage germination (0.543 at p<0.0001). On yield and its related traits, 

a strong positive correlation was observed between hundred-tuber-weight and 

length of tuber (0.593 at p<0.0001). On plant growth characteristics, positive 

correlations were recorded between hundred tuber weight and the number of 

tillers (0.407 at p<0.001), hundred-tuber-weight and distance of the last tiller 

from the main plant (0.474 at p<0.001) and hundred-tuber-weight and plant 

height (0.429 at p<0.001). Hence in tiger nut breeding, imposing selection of a 

genotype for tuber weight can be based on plant architectural characteristics 

including number of tillers, tillering distance and plant height (Asare et al., 

2020). 
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Figure 3.8: Pearson correlation matrix among the 11 morpho-descriptors of the 

42 tiger nut accessions. 

Diversity among 41 Ghanaian Tiger Nut Accessions using SSR Markers  

A total of 141 alleles were generated across the nine SSR loci of the 41 tiger nut 

genotypes and the number of alleles per locus ranged from 9 to 22 with an 

average of 15.67 ± 3.97 per locus (Table 3.8.).   
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Table 3.8: Number of alleles (Na), effective number of alleles (Ne), gene 

diversity or expected heterozygosity (He), observed heterozygosity (Ho), 

polymorphic information content (PIC) based on nine SSR loci 

Marker Na Ne He Ho PIC 

StvCyR_1a 0.27 14.00 0.84 0.12 0.82 

StvCyR_27b 0.59 19.00 0.65 0.10 0.64 

StvCyR_64a 0.17 18.00 0.91 0.07 0.91 

StvCyR_126a 0.24 14.00 0.87 0.07 0.86 

StvCyR_142a 0.63 12.00 0.58 0.05 0.57 

StvCyR_156a 0.12 18.00 0.92 0.02 0.92 

StvCyR_181a 0.24 15.00 0.87 0.10 0.85 

StvCyR_254a 0.15 22.00 0.93 0.54 0.93 

StvCyR_483a 0.63 9.00 0.58 0.00 0.56 

Total 3.04 141 7.15 1.07 7.06 

Min  0.12 9 0.58 0 0.56 

Max 0.63 22 0.93 0.54 0.93 

Mean 0.34 15.67 0.79 0.12 0.78 

SD 0.21 3.97 0.15 0.16 0.15 

X2cal    5.38  

X2tab    15.5  

Probability    0.05  

 

The lowest and highest number of alleles were recorded for StvCyR_483a and 

StvCyR_254a loci respectively. Allele frequency ranged from 0.12 for 

StvCyR_156a to 0.63 for StvCyR_142a and StvCyR_483a with an average of 

0.34 ± 0.21. The gene diversity or expected heterozygosity ranged from 0.58 to 

0.93 with a mean of 0.79 ± 0.15 exceeding 0.50, indicating the existence of rich 

variability for the SSR loci assessed among the tiger nut accessions. The 

observed heterozygosity however, ranged from 0.00 to 0.54 with the mean of 

0.12 ± 0.16, an indication of low variability among the genotypes evaluated. 
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Again based on Chi square (X2) value of 5.38 at 8 degrees of freedom, the Ho 

was not significantly different from the critical Chi square value of 15.5 at 

P<0.05, signifying low genetic diversity for the population. This is not 

surprising as vegetatively propagated crops such as tiger nuts are usually self-

sterile (Nybom and Lācis, 2021) and rarely hybridize naturally. In contrast, the 

high values of He over Ho is indicative of admixture effect of genes among tiger 

nut populations in Ghana, genetic drift, and the high mutation reproducibility 

rate of SSR primers (Mukhopadhyay and Bhattacharjee, 2016). The PIC was of 

0.78 ± 0.15, with StvCyR_483a having the lowest (0.56) and the highest (0.93) 

recorded for StvCyR_254a.   

The expected heterozygosity values for all loci were greater than 0.50, with over 

84% having PIC values greater than 0.60, which indicates a high discriminating 

ability of the SSR markers among the accessions. The most discriminative 

marker was StvCyR_254a with a PIC value of 0.93 followed by StvCyR_156a 

(0.92) and StvCyR_64a (0.91) (Table 3.9). Using 191 microsatellite markers, 

five of them were found that distinguished Cyperus esculentus from 12 

accessions of Cyperus rotundus (Arias et al., 2011). However, the markers used 

in the current study were not part of the 191 microsatellites used by Arias et al. 

(2011). Okoli and others found a wide range of variability in purple and yellow 

nutsedge with RAPD (Okoli et al., 1997). High genetic variability in cultivated 

and wild yellow nutsedge was also detected using RAPD (Abad et al., 1998). 

On the contrary low genetic diversity was observed in Cyperus esculentus when 

AFLP markers were used (Dodet et al., 2008). They then suggested that the 

application of microsatellite genetic diversity studies could be more effective in 

determining genetic variability in a crop. Akabassi et al. (2021), in a systematic 
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review, also suggested the use of a more robust tool, such as microsatellite 

markers to the study of the genetic diversity of Cyperus esculentus to elucidate 

the crop’s diversity, especially in Africa, where studies had tailored more on the 

morphological characteristics and food use. The discriminatory power of SSR 

markers has been demonstrated in this study.  

 

Cluster analysis using molecular data  

The genetic relationship among the estimated 41 tiger nut genotypes using 

similarity coefficients ranged from 0.85 – 0.96. The pairwise associations 

among the genotypes at 0.96 were found between BAJ-B/ APR-b, PUT-B/ 

BUO-b and OEB-B/ KAL-b. The least similarity groupings (0.85) were between 

NEB-b/ TAK-b, BEP-Y/ BUO-b, BEP-Y/ GYI-b, ADU-Y/ GYI-b, PUT-b/ 

BUO-b, PUT-b/ GYI-b, and PUT-b/ NEB-b. The UPGMA analysis grouped the 

41 accessions into four heterotic groups (clusters); A, B, C and D at a similarity 

coefficient of 0.88. Cluster A was distinct and was made up of only one 

genotype, PUT-b as an outlier. Cluster B was made up of three genotypes, all 

of which were Central Region collections; one brown (OBR-b), and two yellow 

(BAJ-Y and BEP-Y). Cluster C was the most heterogeneous cluster with 35 

accessions of a mixture of accessions which produce brown, yellow and black 

coloured tubers and had three sub-clusters: I, II, and III. However, each 

intrasubcluster accessions had more genetic elements in common than the 

others, evidence of less genetic variability within the population. This is evident 

by the observation of one type of colour dominating the others in each 

subcluster. For example, subcluster III had the accessions dominated with 

black-coloured tubers while subcluster I was dominated with brown. Cluster D, 
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however, was made up of two genotypes; APR-b and TAK-b (Figure 3.9), both 

brown but from different regions of cultivation in Ghana. 

 

Figure 3.9: UPGMA cluster analysis (Nei et al., 1983) showing relationship 

among the 41 tiger nut genotypes generated from NTSYS version 2.01. 

Principal coordinate analysis of molecular studies  

The principal coordinate analysis is a multivariate technique used to describe 

the variance relationship existing among or within individuals of a population 

(Khayyam et al., 2009). The relative variance of each coordinate indicates the 

genetic distances within or among populations.  
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All the nine SSR loci generated some level of genetic variability for the 

population on basic coordinate analysis using simple matching coefficient 

similarity matrix across the 41 tiger nuts accessions. Three populations were 

identified, indicating the presence of genetic diversity among the genotypes. 

Whiles majority of the accessions (brown and few yellow), were from Upper 

West (4), Upper East (2), Northen Region (2), and Central Region (6), with few 

of Eastern Region (1) accessions were skewed to one-half of the quadrants, the 

remaining accessions (black, yellow and few browns) from Upper West (2), 

Eastern (5), Central (16), Bono East (2) and Nothern (1) regions separated to 

the other side of the quadrant (Figure 3.10). The findings, therefore, confirm the 

existence of genetic variability among the accessions on one side but high 

genetic similarity within. This is in consonance with the observations made in 

the morphological characterisation of the current study, and also in support with 

earliar agro-morphological characterization of tiger nut accessions in Ghana by 

Donkor et al., (2019).   
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Figure 3.10: Groupings of 41 tiger nut accessions based on principal 

coordinate analysis of SSR data.  

Conclusion  

Cyperus esculentus is a cross-pollinated crop which is mainly propagated 

vegetatively using tubers. Vegetative propagation produces true-to-type 

offspring which result in low genetic diversity over generations. The 42 

accessions collected in various locations in Ghana differed highly significantly 

in all 11 morphological characteristics. However, the morphological UPGMA 

cluster analysis grouped the accessions into seven main clusters with one large 

heterogenous cluster using the Euclidean similarity index of 0.94. The 

heterogeneous cluster contained more than half the study population (28 

accessions) and had three sub-clusters, an indication of low genetic variability 

within the population. A total of 141 alleles were obtained for the nine SSR loci 

across 41 accessions with a mean of 15.67 ± 3.97 per loci and a mean PIC of 
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0.78 ± 0.15, depicting high discriminating power of the markers. Nonetheless, 

molecular UPGMA cluster analysis partitioned the population into four 

heterotic groups with one large heterogenous cluster, suggesting evidence of 

low genetic variability within the accessions. This is coupled with a low mean 

heterozygosity value of 0.12 ± 0.16. The differences in variability among the 

studied accessions for some traits indicate some level of admixture of genes 

over generations. The exchange of planting material of tiger nut among farmers 

along the boundaries of the different geographical regions in the country and 

the subsequent selection of the accessions for planting could have also 

contributed to the narrow genetic base of the crop. 

Therefore, enhancing the genetic diversity of tiger nut accessions for genetic 

improvement will demand mutation breeding as tiger nuts are seldom 

propagated sexually. Also, exotic accessions could be imported to support 

breeding and selection for improved varieties. 
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CHAPTER FOUR 

CHEMOSENSITIVITY ANALYSIS OF TIGER NUTS (Cyperus 

esculentus L.) USING ETHYL METHANESULFONATE (EMS) AND 

COLCHICINE MUTAGENS 

INTRODUCTION 

Tiger nut, which commonly referred to as ‘chufa’, ‘atadwe’, nut grass, earth 

almond, water grass, rush nut, yellow nut sedge, and northern nut grass 

(Shilenko et al., 1979; Bazine & Arslanoğlu, 2020) is known globally by its 

scientific name as Cyperus esculentus L. It is a root tuber crop that belongs to 

the sedge family as Cyperaceae. The exact origin of the crop is a topic of debate 

among researchers. Some are of the view that it is a native of Africa and tropical 

Asia (Acevedo-Rodríguez & Strong, 2012; DAISIE, 2014; Govaerts, 2014), 

while others suggest that it may have originated from Europe and North 

America (Holm et al., 1979; USDA-ARS, 2014). 

Though the crop is inundated with a lot of nutritional, medical and economic 

benefits (De Vries, 1991; Gambo & Da’u, 2014), the inadequate attention 

invested in its breeding has resulted in a lower genetic base, limiting its genetic 

advancements. There is the risk of the local germplasm in the hands of farmers 

becoming endangered with time as there is a lack of germplasm resources for 

the accessions coupled with no varietal release. Studies so far have been on 

morphological characterization and have revealed low diversity within the 

populations studied (Donkor et al., 2019; Asare et al., 2020). Also, as a 

vegetatively propagated crop, it scarcely undergoes natural hybridization and 

therefore it has low genetic variability.  
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There is little information on the crop’s improvement by any method. Improving 

any crop, first demands creating variation in a population for selection. A 

mutation is the ultimate source of variability and provides unique germplasm 

for plant breeders (van Harten, 1998), especially in vegetatively propagated 

crops. This can occur by natural means, which takes several years, or by 

artificial (induced) mutation, which gives results in a relatively shorter period. 

Induced mutation has been used successfully in the genetic improvements of 

many crop genotypes. This technique has been used by plant breeders since the 

1920s to create genetic variation (Stadler, 1928; van Harten, 1998; Ahloowalia 

et al., 2004; Tambe & Apparao, 2009). 

Induced mutation has been functionally performed either physically or 

chemically. Physical mutagens are mostly electromagnetic radiations such as 

gamma rays, X-rays, UV light, and particle radiation (beta and alpha particles). 

Chemical mutagens are usually alkylating agents and include ethyl 

methanesulfonate (EMS), ethidium bromide, and base analogues such as 

bromouracil (van Harten, 1998; Girija & Dhanavel, 2009; Mba et al., 2010). 

Colchicine is another chemical mutagen, an alkaloid for mutation induction and 

more purposely for polyploidy evocation in plant breeding.  EMS is also noted 

to be a powerful chemical mutagen producing random mutations in genetic 

material by nucleotide substitution; particularly by guanine alkylation. EMS 

generally produces only point mutations in a genome. The higher doses of 

mutagen completely arrest seed germination (Spencer-Lopes, et al., 2018). 

Hence understanding the optimal dosage of a mutagen on genotypes is essential 

for the success of mutation breeding. Therefore, the objective of this study was 

to establish the lethal dose that results in the death of 50% of the population 
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(LD50) and reduction dose that leads to a 50% decrease in plant height or traits 

(RD50) of EMS and colchicine for effective mutagenesis in tiger nut tubers. 

Materials and Methods 

Experimental site for chemosensitivity 

The research work was carried out at the Centre for Scientific and Industrial 

Research, Crop Research Institute (CSIR- CRI), Fumesua in the Ashanti Region 

of Ghana in late March 2022 in a greenhouse at the onset of the major rainy 

season.  

Plant materials for chemosensitivity 

The experimental set consisted of four distinct genotypes, comprising two 

distinct brown genotypes (denoted as OFF-b and APR-b) and two different 

black genotypes (labeled as BUO-B and ENK-B) of tiger nut tubers. These 

genotypes were derived from landraces and were selected from a collection of 

accessions obtained from previous studies on the morphological diversity of 

tiger nuts across major cultivation regions in Ghana. Specifically, BUO-B was 

obtained from Buoyam in the Bono East Region, ENK-B, and APR-b were 

collected from Enkroful and Assin Praso, respectively, both located in the 

Central Region of Ghana. Meanwhile, OFF-b originated from Offinso in the 

Eastern Region of Ghana. These genotypes were chosen based on their superior 

yield performance, representing the highest-yielding selections. Afterwards, the 

chosen genotypes were subjected to mutation following the schmatic process 

shown in Figure 4.1.  
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Figuare 4.1: Shematic mutation breeding process of the tiger nut genotypes 

employed in the study. 

Treatment of tubers for chemosensitivity 

Two groups of genotypes, consisting of black (BUO-B) and brown (OFF-b) 

type set, and another black (ENK-B) and brown (APR-b) set, were subjected to 

mutagenesis using different treatments. The genotypes (BUO-B and OFF-b) 

were treated with Ethyl Methanesulfonate (EMS) at five varying concentrations, 

while ENK-B and APR-b genotypes underwent treatment with Colchicine at 

five different concentrations. The concentrations used for each mutagen were 

0%, 0.1%, 0.25%, 0.5%, and 1.0%. 

In total, a set of four hundred tubers, comprising twenty tubers for each 

concentration, was employed for mutagenesis across the four genotypes. The 
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mutagen solutions were prepared by mixing the respective chemical mutagens 

with distilled water. 

Colchicine was obtained in powdered form from KEM Light Spechem 

Laboratory Private Limited, Mumbai, India. On the other hand, EMS was 

obtained as a liquid chemical product from CDH Private Limited, New Delhi, 

India. 

Initially, a 1% stock solution (1 g of chemical mutagen per 100 ml of distilled 

water) was prepared and subsequently diluted to achieve the desired 

concentration levels. The control (0%) consisted solely of distilled water. 

To facilitate efficient chemical inhibition, the dried tubers were soaked in each 

concentration of EMS or Colchicine for 24 hours. This soaking process, 

observed based on the method of Ye et al. (2020), helped soften the tubers and 

open their pores. Subsequently, the soaked tubers were removed from the 

solutions and thoroughly washed with distilled water in preparation for 

immediate planting. 

Experimental design and planting culture for chemosensitivity test 

Treated tubers and the controls were planted in polybags filled with steamed 

sterilized sandy-loam soil in a greenhouse in three replicates in a completely 

randomized design (CRD). 

Irrigation was done regularly. No fertilization and insecticide treatments were 

performed as insects were not a problem as well as soil for the trial was intact 

with nutrients without any deficiency symptoms. Weeds were manually 

removed by handpicking when necessary. 
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Data collection and analysis  

Germination assessment was conducted on the seventh-day post-planting. 

Initially, germination was observed in some of the control groups, while 

sprouting in the treated group commenced from the eighth day onwards. 

The collected data encompassed several parameters, including germination 

percentage, plant height, number of tillers, main plant diameter, and leaf count 

per plant. Germination count began concurrently the first day of the observation 

of germination and continued until the tenth day. The germination percentage 

was computed as the ratio of the number of germinated seeds to the total number 

of planted seeds, expressed as a percentage. 

Plant architectural traits, such as plant height, were derived from the average 

measurements across the three replications. Plant height measurements were 

taken from the soil surface to the tip of the primary (terminal) leaf when the 

plants were approximately one month old, specifically four weeks from the day 

of plating. A measuring rule was utilized for this purpose. Figure 4.2 shows the 

plant growth stage in the third week after germination. 
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Figure 4.2: Plants at 16 days of growth after germination (sprout). 

Concurrently, within the same timeframe, observations were made on the 

number of tillers produced by the plants. The girth (diameter) of the main plant 

was determined using a digital Vernier calipers, with the measurement taken at 

the base of the plant just above the soil level, and the value expressed in 

millimeters. The leaves present on the main plant were counted and 

documented, along with the number of the produced tillers from the main plant. 

Chemosensitivity analyses were conducted using Excel 2016 and Genstat 

statistical software version 11.2 to determine LD50 (lethal dose resulting in a 

50% population fatality rate) and RD50 (reduction dose causing a 50% decrease 

in plant height or traits). The LD50 and RD50 values for the genotypes were 

calculated by fitting a simple linear regression model with the equation y = mx 

+ c, where y represents the response (dependent) variable (percentage 

germination or plant height), x denotes the independent variable (mutagen 
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concentration), and m and c symbolize the slope and intercept of the linear 

equation, respectively. 

Results and Discussion 

In general, a gradual reduction in the percentage germination or sprouts of the 

tubers was observed with corresponding increasing levels of mutagen 

concentrations for both EMS and Colchicine (Figure 4.3). This is in agreement 

with the findings of Horn and others in cowpea (Horn et al., 2016) and 

Rangaswamy in sesame (Rangaswamy, 1973). However, each genotype 

responded differently to the different levels of mutagen concentrations in 

germination (Figure 4.3) and plant architectural traits (Table 4.2 and Table 4.3).  

Nonetheless, the percentage rate of germination was higher with the tiger nut 

accessions which produced black-coloured tubers than brown tuber-producing 

ones in both EMS and Colchicine (Figure 4.3). This indicates that the black 

tuber-producing accessions were hardier than their brown tuber-producing 

counterparts as the latter were more sensitive to the effects of the mutagens.  
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Figure 4.3: Regression percentage germination among the four tiger nut 

genotypes on the different concentrations of EMS and Colchicine treatments. 

BUO-BEMS= Black EMS-treated tiger nut genotype from Buoyam; OFF-b= 

Brown EMS-treated tiger nut genotype from Offinso; ENK-BColc.= Black 

Colchicine-treated tiger nut genotype from Enkroful and APR-bColc= Brown 

Colchicine-treated tiger nut genotype from Assin Praso. 

 

For the black genotype's, there wass 100% germination under control conditions 

for BUO-BEMS and a steady decline in germination thereafter increasing 

mutagen concentrations (Figure 4.3). Percentage germination was 90% at a 

concentration of 0.25%, whereas it was only 50% at a concentration of 1.0%. 

The population-wide EMS concentration dose to produce LD50 was calculated 

to be 0.97% (Table 4.1) for black tiger nuts. 
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Table 4.1: LD50 and RD50 of EMS and Colchicine among the treated 

genotypes with their corresponding regression equations. 

Genotype/ 

Mutagen  

LD50 Regression 

Equation 

% LD50 

Calculated 

RD50 Regression 

Equation 

% RD50 

Calculated 

BUO-BEMS y = -39.812x + 88.73 0.97 y = 38.468x - 7.3965 1.49 

OFF-bEMS y = -53.918x + 83.95 0.63 y = 37.013x - 10.5 1.63 

ENK-BColc. y = -21.082x + 84.8 1.65 y = 2.6686x - 2.0875 19.51 

APR-bColc. y = -37.11x + 81.152 0.91 y = 29.866x - 1.1461 1.71 

BUO-BEMS= Black EMS-treated tiger nut genotype from Buoyam; OFF-b= 

Brown EMS-treated tiger nut genotype from Offinso; ENK-BColc.= Black 

Colchicine-treated tiger nut genotype from Enkroful and APR-bColc= Brown 

Colchicine-treated tiger nut genotype from Assin Praso. 

 

The regression graph (Figure 4.3) established an LD50 of 0.63% with the 

equation, y = -53.918x + 83.95 (Table 4.1) for the brown tiger nuts treated with 

EMS. The black genotypes are confirmed to be less sensitive to the mutagen at 

the different concentration levels than observed in the brown type resulting in 

the lower LD50 value descovered for the brown (0.63%) compared with the 

black (0.97%) (Table 4.1). Hence, the black genotype is seen to be more resilient 

to some environmental changes such as chemical mutagens than the brown 

genotype due to the hardier character of the nuts. Except for 0.1% concentration 

which drastically reduced percentage germination by 65%, the remaining 

concentration at the different levels of Colchicine used to treat ENK-BColc 

resulted in a proportional decrease in germination (Figure 4.3).  

The regression equation, y = -21.082x + 84.8 suggets an LD50 value of 1.65% 

for the black colchicine treated tubers (ENK-BCol.). In contrast, thhe brown 
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genotypes (APR-bColc.) (Figure 4.3), consistently had a severe reduction in 

germination as colchicine concentration rose, with the exception of the 0.25% 

colchicine concentration, which resulted in a germination rate of 70%. The 

lethal dose effect as per the regression equation y = -37.11x + 81.152 (Figure 

4.3) that would eliminate fifty percent of the population of the brown colchicine-

treated tubers is determined to be 0.91% (Table 4.1).  

Averagely, relatively low concentrations of both mutagens resulted in 

increasing plant architectural growth, such as plant height, leaf count, main 

plant diameter, and tiller count (Table 4.2). For example, plant height growth 

was positively redueced at high concentration doses of mutagens compared to 

the stimulatory growth response observed at low concentration doses (Figure 

4.4). This is not surprising as mutagens such as colchicine have both stimulatory 

and inhibitory effects on mutants at different concentrations (Nura et al., 2011; 

El-Nashar & Ammar, 2016; Singh et al., 2020), and hence at lower 

concentrations such as 0.1%, an increase in plant architectural traits was 

observed (Table 4.2). Based on their means, these quantitative traits to some 

extent showed a steady increase with lower doses of mutagen concentrations up 

to a dose of 1.0% before eventually declined (Table 4.2 and Table 4.3). This is 

in line with the observed effects of RD50 for both mutagens, that to establish 

RD50, the concentrations for both mutagens should be from 1.5% and above for 

the black and brown tiger nut genotypes (Figure 4.4). On the contrary, results 

from Figure 4.3 anticipate that at very low concentrations, below the control in 

the event where water loses its chemical composition properties (Sidorenko et 

al., 2024), plant height reduction is likely to be negatively affected. 
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Similar findings about a decline in plant heights, when chemical mutagen 

concentrations rose in onions were reported (Joshi et al., 2011). For instance, in 

Table 4.2, the mean plant heights for the controls of the black and brown 

genotypes were 34.84 cm and 34.50 cm, respectively. At a concentration of 

0.1% EMS, the height of the plants was 38.26 cm and 36.89 cm, respectively. 

This pattern persisted for EMS concentrations of 0.25% to 0.5%, and then plant 

height began to decline at a concentration of 1.00% of EMS being 23.66 cm and 

22.28 cm in the black and brown genotypes, respectively. 

Table 4.2. The mean, minimum, maximum and standard deviation of 

genotypes treated with EMS. 

Genotype Treatment in  

Concentration 

(%) 

PHT 

(cm) 

NLP NTP DMP 

(mm) 

 

 

Black 

Control (0) 34.84a (33.43-

36.80) 1.75 

7.56ab (7.00-

8.33) 0.69 

1.67bc (1.33-

2.00) 0.33 

3.78a (3.59-

4.10) 0.26 

0.1 38.26a (35.27-

42.43) 3.73 

7.89a (7.33-

8.33) 0.51 

2.00abc (1.67-

2.33) 0.33 

4.02a (3.30-

4.41) 0.62 

0.25 35.02a (31.63-

37.83) 3.14 

7.67ab (7.00-

8.00) 0.51 

2.22ab (2.00-

2.67) 0.39 

3.83a (3.48-

4.16) 0.35 

0.5 30.53ab (29.70-

31.97) 1.25 

7.78a (7.00-

9.00) 1.07 

2.89a (2.33-

4.00) 0.96 

4.49a (3.85-

5.09) 0.62 

1.0 23.66b (12.47-

30.50) 9.77 

6.56ab (4.33-

8.67) 2.17 

1.89abc (1.67-

2.33) 0.39 

3.29a (2.27-

3.85) 0.88 

 

 

Brown 

Control (0) 34.50a (30.60-

36.47) 3.32 

7.33ab (7.00-

7.67) 0.33 

1.67bc (1.33-

2.00) 0.33 

3.86a (4.05-

4.17) 0.44 

0.1 36.89a (35.07-

38.53) 1.74 

7.33ab (7.00-

7.67) 0.33 

2.78ab (2.33-

3.00) 0.39 

3.85a (3.56-

4.02) 0.26 

0.25 35.96a (29.97-

42.67) 6.38 

8.00a (7.33-

8.00) 0.39 

2.22ab (1.33-

3.67) 1.26 

3.99a (3.78-

4.29) 0.27 

0.5 37.37a (34.80-

40.90) 3.16 

7.67ab (7.33-

8.00) 0.33 

2.33ab (1.33-

3.33) 1.00 

3.87a (3.37-

4.34) 0.50 

1.0 22.28b (12.67-

32.50) 9.93 

5.44b (2.67-

9.00) 3.24 

1.00c (0.00-

1.67) 0.88 

3.14a (1.08-

5.43) 2.18 

PHT: plant height, NLP: number of leaves per plant, NTP: number of tillers per 

plant, DMP: Diameter of the main plant 

Means within the same column with the same letter(s) is/are not significantly 

different by Fisher’s test at P > 0.05. 
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On an individual plant basis, there was a wide range plant architectural traits 

measurements recorded for most genotypes treated with the mutagens than their 

control counterparts. For example; the minimum height for brown genotype 

treated with 0.5% cEMS (Table 4.2) was 34.80 cm and the maximum was 40.90 

cm as compared with the control which recorded 30.60 cm for the minimum 

and 36.47 cm for the maximum. This is a suggestive evenidence of possible 

occurence of mutation by chemical mutagens as being distributed randomly 

across the genome (Greene et al., 2003; Till et al., 2003). Therefore, to 

effectively induce about 50% reduction in plant architectural traits for the 

population, an observation made for this study recommended the use of high 

doses of mutagen concentrations of both EMS and Colchicine for the 

mutagenesis of the genotypes. 

Table 4.3: The mean, minimum, maximum and standard deviation of 

genotypes of Colchicine 
Genotype Treatment in  

Concentration 

(%) 

PHT 

(cm) 

NLP NTP DMP 

(mm) 

 

 

Black 

Control (0) 33.73ab (31.97-36.60) 

2.50 

7.56ab (7.33-7.67) 

0.19 

2.44ab (2.00-3.00) 

0.51 

4.26a (3.47-5.19) 

0.87 

0.1 34.24ab (34.10-34.47) 

0.20 

7.89a (7.67-8.33) 

0.39 

2.56a (2.33-3.00) 

0.39 

4.01ab (3.38-4.39) 

0.55 

0.25 35.11ab (35.07-35.17) 

0.05 

7.89a (7.33-8.33) 

0.51 

1.89abc (1.67-2.00) 

0.19 

4.39a (3.99-4.83) 

0.42 

0.5 34.23ab (33.47-34.90) 

0.72 

8.11a (7.67-9.00) 

0.77 

2.67a (1.67-3.33) 

0.88 

4.50a (4.33-4.58) 

0.15 

1.0 33.20ab (30.33-35.27) 

2.56 

8.00a (7.67-8.33) 

0.33 

2.33ab (2.33-2.33) 

0.00 

4.37a (4.15-4.49) 

0.19 

 

 

Brown 

Control (0) 35.97ab (35.37-37.17) 

1.04 

7.78a (7.67-8.00) 

0.19 

2.44ab (2.00-2.67) 

0.39 

3.91ab (3.80-4.13) 

0.19 

0.1 30.42ab (13.00-40.57) 

15.16 

5.56bc (2.67-7.67) 

2.59 

1.56bc (0.67-2.33) 

0.84 

3.55ab (1.52-5.11) 

1.84 

0.25 38.52a (35.30-41.17) 

2.98 

7.00abc (6.67-7.33) 

0.33 

1.56bc (1.33-1.67) 

0.19 

3.96ab (3.85-4.08) 

0.12 

0.5 33.38ab (21.63-40.53) 

10.25 

6.78abc (5.00-8.33) 

1.68 

2.11ab (1.67-2.33) 

0.39 

3.84ab (2.56-5.11) 

1.28 

1.0 23.73b (9.93-38.63) 

14.38 

4.89c (2.67-7.00) 

2.17 

1.11c (0.33-1.67) 

0.69 

2.65b (1.22-4.31) 

1.56 

PHT: plant height, NLP: number of leaves per plant, NTP: number of tillers per 

plant, DMP: Diameter of the main plant. 

Means within the same column with the same letter(s) is/are not significantly 

different by Fisher’s test at P > 0.05. 
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Figure 4.4: Regression graph showing the RD50 for plant heights for the four 

different tiger nut genotypes in the different concentrations of EMS and 

Colchicine treatments. 

BUO-BEMS= Black EMS-treated tiger nut genotype from Buoyam; OFF-b= 

Brown EMS-treated tiger nut genotype from Offinso; ENK-BColc.= Black 

Colchicine-treated tiger nut genotype from Enkroful and APR-bColc= Brown 

Colchicine-treated tiger nut genotype from Assin Praso. 

 

As shown in Figure 4.3, the RD50 regression analysis for the genotypes based 

on plant height revealed varied regression coefficients. Additionally, RD50 

values for various genotypes ranged from 1.49% to 19.51%. (Table 4.1). The 

RD50 for the black genotype treated with EMS was 1.49%, as opposed to 1.63% 

for the brown genotype (Table 4.1). The brown genotype (APR-bCol) had an 

RD50 based on Colchicine treatment of 1.71% as opposed to the enormous value 

of 19.51% for black Colchicine treated. However, this was expected because 

the black Colchine-treated genotype outperformed its control in height. Overall, 
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the genotypes treated with Colchicine had greater RD50 values than the 

genotypes treated with EMS (Table 4.1).  

Conclusion 

The results of the current investigation showed that EMS and Colchicine 

mutagens prolonged the time of germination in tiger nut tubers. The brown tiger 

nut was more sensitive to these chemical mutagens than the black genotypes. 

Additionally, it was seen that the percentage rate of germination gradually 

decreased when the concentration dose was increased. The effective dose (LD50 

value) for the black genotypes was determined to be a high dose of 0.97% EMS 

concentration as opposed to 0.63% EMS concentration in the brown genotypes. 

Genotypes responded to Colchicine treatment less sensitively compared to 

EMS. In comparison to a considerably lower concentration of EMS that could 

do the same task, a higher concentration of Colchicine—as high as 1.65% and 

0.91%—was required to kill half the population of the black and brown 

genotypes, respectively. 

As hormesis (a growth vigour simulative effect of mutagen at lower 

concentrations) progressed, a rise in the plant's architecture, involving plant 

height, diameter, number of leaves, and tillers, were also observed.  The RD50 

is established in addition to hormesis. For the black and brown genotypes treated 

with EMS, the ideal doses to reduce plant height were found to be 1.49% and 

1.63%, respectively. Those that received Colchicine recorded high RD50 values 

of 1.71% and 19.51% for the brown and black genotypes respectively. To 

broaden the genetic scope of the tiger nut genotypes for breeding enhancement, 

an efficient mass treatments of the accessions with the right doses of these 
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mutagens as per established, and further screening or selections for successive 

generations must be implemented. 
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CHAPTER FIVE 

MUTATION BREEDING FOR TIGER NUTS (Ceperus esculentus L.) 

IMPROVEMENT USING ETHYL METHANESULFONATE (EMS) 

AND COLCHICINE 

INTRODUCTION 

Currently, the world's human population is 8.2 billion and still experiencing a 

gradual increase every day (Lam, 2024). It is envisaged to be 9 billion by 2050 

(Bongaarts, 2009; Zakir, 2018) and further peaks at 10.3 billion in 2084 (Lam, 

2024). This surge in population presents a massive concern for a reliable and 

efficient food supply system to meet the nutritional demands of the rising 

population for assured food security. According to FAO 2020, 8.9% of the 

global human population suffers from hunger, 3 billion people face malnutrition 

problems, and 2 billion are food insecure (Arora & Mishra, 2022; Mohajan, 

2022). This underscores the need for innovative crop improvement techniques 

by plant breeders to forestall the food and nutritional need challenges ahead of 

time.   

As an underutilized and neglected food crop, tiger nut tubers are rich in all the 

food nutrients (Bamishaiye & Bamishaiye, 2011; Twumasi et al., 2023) 

providing quick access to a balanced and nutritious diet for healthy body growth 

and development. Once harvested, the tubers are ready for consumption without 

any tedious and sophisticated cooking process. They can be wash-dried, eaten 

raw, roasted, or milled into powder for consumption. Tiger nut tubers account 

for a great deal of fiber for digestive health, fats (monounsaturated and 

polyunsaturated) for a healthy heart, vitamins such as vitamin E providing 
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antioxidants to protect cells from damage, and minerals such as calcium, 

magnesium, potassium, and iron (Roselló-Soto et al., 2018; Sabah et al., 2019). 

These minerals help in the mineralization of bones, act as cofactors to enzyme 

systems, assist in the sustenance of muscles and nerve excitation, and the 

maintenance of the oxygen-carrying capacity of the blood (Clarkson, 2013; 

Ghosh et al., 2016). Tiger nut is not only a source of food in the form of 

chewable tubers, processed oil and milk, but it is also beneficial as feed, 

medicine, and perfumes (De Vries, 1991; Gambo & Da’u, 2014), and provides 

great returns of foreign exchange.  

For many decades, agricultural practices for crop improvement had been on the 

approach of conventional breeding which takes several years to create a 

diversity of gene pool for genetic advancement to meet breeder's interests. To 

improve crop plants, plant scientists including plant breeders have to rely on 

three methods: cross-breeding, mutation, and transformation (Bado et al., 

2023). For a fast and reliable approach to creating genetic variation for trait 

improvement in crop plants, plant breeders since 1920 have exploited the use of 

induced mutation (van Harten, 1998; Ahloowalia et al., 2004; Tambe & 

Apparao, 2009). Mutation breeding for crop improvement utilizes the deliberate 

action of generating genetic variations among existing genotypes (Yadav et al., 

2021). Mutation can spontaneously occur naturally taking several years or be 

artificially induced within a shorter space of time using mutagens. Induced 

mutation has been frequently applied in widening the genetic diversity of 

vegetatively propagated crops of which tiger nut is no exception. It has been 

successfully used in bananas, potatoes, cassava, and other crops (Jankowicz‐

Cieslak et al., 2012; Chepkoech et al., 2019). It makes use of either physical or 
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chemical mutagens. Physical mutagens employ the use of ionizing radiations, 

such as alpha rays, beta rays, X-rays, gamma rays and cosmic rays, or non-

ionizing radiations, including ultraviolet rays, infrared rays, microwaves, and 

laser among others. Ionizing radiations have been largely used in plant 

mutagenesis. They cause biological injuries in plants resulting in point mutation 

to deletion, single and double chromosomal strand break, and chromosomal 

rearrangement (Bado et al., 2023).  However, they are costly compared to 

chemical mutagenesis. Commonly used chemical mutagens in plants include 

alkylating agents, for example; ethyl methane sulfonate (EMS), mustard gas, 

ethyleneimine (EI), dimethyl sulfide (DMS), sodium azide (SA) (Leitão, 2012) 

and Colchicine (Siregar et al., 2022). Chemical mutagens such as EMS cause 

point mutation and have relatively silent (missense) mutational effect (50%) 

with about 5% nonesense mutations (Viana et al., 2019). Colchicine on the other 

hand induces polyploidy by doubling or multipling the chromosome sets of 

plants resulting in changes in plant characteristics. Some polyploids blatantly 

produce bigger organs via flowers, seeds, leaves, stems, and roots (Sattler et al., 

2016). Induced mutations are crucial for crops enhancement by creating genetic 

diversity, which if properly managed and screened would result in the creation 

of novel and superior crop varieties with promising traits fulfilling the breeder’s 

objectives. Breeding by this technique proffers a substantial scope for 

promoting sustainable agricultural progress and food security (Mohan & 

Suprasanna, 2011; Mir et al., 2020). It increases crop yield while addressing the 

problems of pests and diseases, nutrition, and climate shocks (Jain & 

Maluszynski, 2004; Jain, 2010; Penna et al., 2023).   
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The cultivation of tiger nuts has over the years witnessed little or no significant 

breeding improvements. Hence, the tiger nut accessions presently in the hands 

of African farmers constitute a warehouse of an unimproved natural gene pool 

coupled with no varietal release. Additionally, the vegetative nature of this crop 

does not promote natural hybridization over years of cultivation. Improving on 

such natural germplasm therefore could be done using induced mutation 

breeding techniques. The objective of this study was to use chemical 

mutagenesis to create diverse cultivars of tiger nuts which could be used to 

breed and select for increased productivity, superior nutritional value, early 

maturity, strong tuber attachment to plant on harvest, and resilience to 

environmental stressors. 

 

Materials and methods 

Experimental site and land preparation for putative mutants 

All the experimental trials were conducted at the CSIR-Crops Research 

Institute, situated in Fumesua within the Ashanti Region (010 36’W; 060 43’N). 

This locale is characterized by an elevation of 186 metres above sea level, 

positioned within the semi-deciduous forest zone. The average temperature 

range is 21°C to 31°C.  

The annual cumulative rainfall averages at 1727.2mm, exhibiting a bimodal 

distribution pattern. The primary rainy season extends from March to July, 

while the secondary rainfall phase spans from August to November. The mean 

relative humidity stands at 95% during mornings and decreases to 61% by noon. 

 For the initial (M1V1) and second (M1V2) mutation generations, field planting 

was executed. The soil type at the experimental site is identified as Ferric 
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Acrisol, belonging to the Asuansi series, as per the classification provided by 

FAO/UNESCO (1988). It is characterized by a substantial layer depth, 

predominantly sandy loam in composition, and displays a gentle slope of 1-5%. 

The field had been previously utilized for cultivating groundnut and cowpea. 

To address the issue of termites in the field, mutation generation three (M1V3) 

was cultivated in sacks filled with soil. Consistently, sandy-loam soil was 

employed for all generations. 

The experimental site was manually cleared-off vegetation and later ploughed 

and harrowed for M1V1 and M1V2. Row- ridges were subsequently made. For 

M3, sacks field with soil (sandy loam) were used. The soil was mixed with 

groundnut husk and packed into the sacks to enrich the soil fertility and also 

enhance soil porosity for good soil-water infiltration, plant root penetration, and 

tuber development. Prepared sacks filled with soil were sprayed with a solution 

of Dusban insecticide at a dose of 200 ml per 15 liters of water to control 

termites and other insects. 

Planting materials and treatment   

A total of six hundred tubers were planted for the M1V1 generation. These 

tubers comprised 50 BUO-B control, 100 BUO-B EMS-treated, 50 OFF-b 

control, 100 OFF-b EMS-treated, 50 ENK-B control, 100 ENK-B colchicine-

treated, 50 APR-b control, and 100 APR-b colchicine-treated specimens. The 

EMS treatment for the black and brown genotypes involved solution 

concentrations of 0.97% and 0.63%, respectively. Meanwhile, the colchicine-

treated black and colchicine treated brown genotypes were exposed to solution 

concentrations of 1.65% and 0.83%, respectively, as determined by their LD50 

and RD50 computations in an earlier work (Twumasi et al., 2023). 
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For the subsequent M1V2 generation, a total of 1,168 tubers were screened from 

the M1V1 harvest and used for bulk planting. Among these, there were 73 BUO-

B control tubers, 219 BUO-B EMS-treated tubers, 73 OFF-b control tubers, 219 

OFF-b EMS-treated tubers, 73 ENK-B control tubers, 219 ENK-B colchicine-

treated tubers, 73 APR-b control tubers, and 219 APR-b colchicine-treated 

tubers. 

For the M1V3 generation, 100 tubers were allocated for planting. These 

included 3 BUO-B control tubers, 22 BUO-B EMS-treated tubers, 3 OFF-b 

control tubers, 22 OFF-b EMS-treated tubers, 3 ENK-B control tubers, 22 ENK-

B colchicine-treated tubers, 3 APR-b control tubers, and 22 APR-b colchicine-

treated tubers. 

Experimental design, planting, and culture 

The M1V1, M1V2, and M1V3 generations were field planted for screening and 

selection with no replications, as each distinct putative mutant line was 

exclusive and still undergoing segregation to achieve homozygosity. 

Regular weeding by hoe was performed to control weeds when needed. 

Throughout each planting season of the M1V1-M1V3 generations, manual 

weed control was effected three times. The initial weeding took place 3 weeks 

after planting, followed by the second and third weeding at 8 weeks and 12 

weeks after planting, respectively. Irrigation was carried out based on the water 

requirements of both the soil and the plants, with no fertilizer application. In the 

case of M3 plants, weeds in sacks were controlled by hand-picking.  
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Screening and selection of putative mutants 

From the M1V1 to M1V3, putative mutants were selected based on the 

assessment of yield parameters (overall tuber weight, hundred tuber count 

weight, size of tuber), earliness to maturity, flowering ability, and attachment 

of tubers to plants during harvesting. 

Evaluation of selected mutant lines (M1V4) 

Selected mutants were experimentally evaluated openly at the site of the 

Legumes Department, Crop Research Institute, Fumesua in the Ashanti Region 

(010 36’W; 060 43’N). Twenty- five tubers were selected from the M3 as 

planting materials for the M1V4 evaluation trial. The tubers consisted of 1 

BUO-B control, 5 BUO-B EMS treated, 1 OFF-b control, 6 OFF-b EMS treated, 

1 ENK-B control, 5 ENK-B colchicine treated, 1 APR-b control, and 5 APR-b 

colchicine treated. These genotypes were planted two each in a block and three 

in replications giving rise to 150 tubers. 

Planting materials (mutant and non-mutated control lines) were planted in 150 

sacks filled with sandy-loam soil in a randomized complete block design 

(RCBD) with three replications on 11th June 2023. The soil-filled sacks, each 

with a volume of 0.02160667 m3 were treated with Dusban solution a day before 

planting against termites and were subsequently arranged on a cleared open field 

but covered with a black polythene sheet to control weed growth (Figure 5.1). 
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Figure 5.1 Sacks filled with soil containing one week old plants arranged on a 

spread black polythene sheet. 

 As part of cultural practices, weeds in sacks were regularly controlled when 

they appeared by handpicking. Weeds on the ground however were suppressed 

in growth by the polythene sheet. Irrigation was done occasionally according to 

the water needs of the crops and soil, especially during periods of low rainfall. 

No fertilizer and pesticides were applied. 

Data collection and analysis  

Agro-morphological data 

 

A total of 20 agro-morphological traits were meticulously gathered in this study. 

These traits encompassed days to germination (DG), number of tillers per stand 

(NT), distance from the last tiller to the mother plant (DTP), plant height (PH), 

girth of mother plant (GP), number of leaves (NL), leaf length (LL), leaf  width 

(LW), days to flower/inflorescence set (DF), number of inflorescence (NI), days 

to physiological maturity (DPM), number of tubers attached (NTA), number of 
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tubers detached (NTD), number of tubers per stand (NTS), number of rings per 

tuber (NRT), length per tuber (LT), width per tuber (WP), tuber shape (TS), 

hundred tuber weight per genotype (HWT), and overall tuber weight per plant 

(OTW).  

Data were cautiously collected from each plant within all three replications. 

Specifically, NT, DTP, PH, and PI were assessed at the time of flowering 

(inflorescence). NTS and NTA were recorded by direct counting at harvest. 

NRT, LT), WP, TS, HWT, and OTW were measured in four days after harvest 

and subsequent drying. 

For specific measurements, NT, NTS, and NRT were quantified. DTP and PH 

were determined using a meter rule. The PG and PI were observed and 

expressed as percentages by having the number of plants that germinated or 

flowered over the total planted and multiplied by 100%. DG and DF were 

counted from the day of planting. DM was noted at the period corresponding to 

the physiological maturity of the crop retrospective to planting. NTA, NTD, and 

NTS were counted and recorded at harvest. LT and WP were precisely measured 

using a vernier caliper. TS was computed using the length-to-width (L/W) ratio, 

categorized as oval (<1.3), ovoid (1.3-1.8), or oblong (>1.8) based on previous 

research (Pascual et al., 2000). OTW and HWT were determined using an 

electronic balance. The latter was randomly selected from the composite of all 

three replications per genotype. 

Proximate and mineral data  
 

After mild sun-air drying for two weeks, the tubers were subjected to proximate 

and mineral analysis. The proximate analysis was carried out at the Department 
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of Biological Science, Kwame Nkrumah University of Science and Technology 

(KNUST) following the protocol of the Association of Official Analytical 

Chemists (AOAC) to determine the protein, fat, ash, carbohydrate, moisture, 

and energy contents in triplicates of 13 tiger nut genotypes. Thirteen out of the 

25 genotypes were selected for the nutrients analyses due to available resources 

during the course of the experiment.  

Moisture content was determined using AOAC 930.15, crude fat (AOAC 

2003.05), ash (AOAC 942.05), crude fibre (AOAC 978.10) and crude protein 

(AOAC 2001.11). The percentage of carbohydrates was calculated using the 

formula:  

Carbohydrate (%) = 100 – (% moisture + % fat + % protein + % ash + % 

fibre).  

For mineral analysis, six mineral elements (phosphorous, potassium, calcium, 

magnesium, sodium, and iron) were determined for the 13 genotypes in three 

replications at the Department of Crops and Soil Sciences, KNUST using the 

protocol of (Jones & Case, 1990) and (Motsara & Roy, 2008).   

Data analysis  
 

Data were analysed using analysis of variance (ANOVA) and descriptive 

statistics. The means, minimum and maximum values, mean squares, standard 

errors, standard deviations, and coefficient of variations were computed. 

Genstat version 11.1 and Minitab version 21.1.1.0 statistical softwares were 

used to analyse the data. Furthermore, multivariate analyses, incorporating 

clustering and principal component analysis were conducted using Minitab 
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version 21.1.1.0. These multivariate analyses were conducted by employing the 

means derived from the recorded entries across the three replications. 

 

Results and Discussion 

Variation in plant shoot characteristics 

Qualitatively, few phenotypic variations were observed among the putative 

mutants at M1 to M3 generations for plant architectural traits. Some of the 

EMS-treated genotypes showed chimeric features in the form of coloration of 

the leaves (Figure 5.2 B), and multiple-shoots for the main plant (Figure 5.2 C) 

among others at the M1V1 to M1V3 generations compared to the controls 

(Figure 5.2 A). These were much visible in the EMS brown-treated genotypes, 

suggestive of the occurrence of mutation. This is not surprising as the frequency 

of chlorophyll mutation is said to be frequent in populations treated with EMS 

(Singh & Singh, 2007). In practical mutation breeding, chimera formation is 

observed (Spencer-Lopes et al., 2018). For example, chimeras have been found 

in sweet potatoes (Shin et al., 2011; Somalraju et al., 2018), yam (Yalindua et 

al., 2014) and cowpeas (Singh et al., 2006).  
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                       Control          Chlorination of leaves      Multiple shoots 

Figure 5.2 Shoot characteristics of brown tiger nut type treated with EMS 

having the control (A) showing normal growth and putative mutant 

morphotypes showing leaf variegation (B) and multiple shoot formation of the 

main plant (C). 

 

Morpho-physiological traits 

Plant growth parameters such as plant height, stem girth, number of leaves, leaf 

length, and leaf width are essential morpho-physiological traits that contribute 

to increased biomass.  Significant (p< 0.000) differences existed among the 25 

genotypes for plant height. It ranged from 92.00 cm for CBC (colchicine black 

control) to 115.75 cm for Cb5 (colchicine brown mutant). The majority of the 

colchicine-treated genotypes were taller than their controls as well as the EMS-

treated genotypes (Table 5.1). This is not surprising as colchicine is known to 

stimulate growth in plants due to the modification of the signalling pathway 

(Singh et al., 2020). According to Moore et al. (2001), the use of colchicine 

leads to a modification in the genetic makeup of plants. This modification 
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occurs due to an accelerated rate of cellular division and growth of the 

meristematic zones.  

Similarly, stem girth ranged from 10.8 mm (Eb22) to 13.5 mm (EB2) accross 

all the 25 genotypes including the 4 controls. Four colchicine mutants, Cb5 

(13.3 mm), CB5 (13.0 mm), Cb19 (12.7 mm), and CB3 (12.6 mm) ranked 

second, third, fourth and fifth while the control (EbC) ranked sixth with a girth 

of 12.59 mm. However, the differences in stem girth among the genotypes were 

not significant (P> 0.05), suggesting that both EMS and colchicine mutants and 

their controls were much similar to each other in terms of stem girth when 

compared. However, on colchicine–tuber treated basis, colchicine had some 

level of influence on the stem girth expansion of most of the colchicine mutants 

relative to their controls (CbC, and CBC) (Table 5.1). 
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Table 5.1: Mean values of 20 morpho-descriptors among tiger nut genotypes (21 mutants and 4 controls). 

Genotype 

DG NT 

DTP 

(cm) 
PH 

(cm) 
GP 

(mm) NL 

LL 

(cm) 
LW 

(cm) DF NIP DPM NTA NTD TNT 

OTW 

(g) 
HTW 

(g) 
TL 

(mm) 
TW 

(mm) 
TS 

(mm) NRT 

EBC 8.5a

bc  

18.2 

ab  

9.9a 

 

92.8
c  

11.0a 16.2a 51.3d

ef 

1.4a 24.7
a 

1.8a 85.2ab 59.3abc

d 

9.2cde

fg 

68.5ab 79.8ab 126.3
ab 

21.2 

cdefg 

17.4ab

c 

1.2de 6.7ab 

EB2 9.5a  17.2 

ab  

9.9a 

 

97.5
abc  

13.5a 15.8a 52.3c

def 

1.5a 17.5
a 

0.7a 81.3ab

cdef 

75.7abc 10.2b

cdefg 

85.8a 71ab 110.0 

ab 

15.7g 15.7bc

def 

1.0e 6.4abc 

EB5 8.3a

b 

18.2 

ab  

10.0a 

 

96.5
abc  

12.3a 15.3a 50.0e

f 

1.4a 24.5
a 

1.3a 83.3ab

cde 

80.3a 3.8fg 84.2a 73.5ab 110.3
ab 

17.2fg 16.8ab

cd 

1.0e 6.2bc 

EB7 7.7a

bc 

16.2 

ab  

8.8a 

 

98.3
abc 

11.5a 14.5a 55.3a

bcdef 

1.4a 25.8
a 

1.2a 83.7ab

cd 

79.5ab 6.7cde

fg 

86.2a 74.8ab 113.3
ab 

17.2fg 16.0ab

cde 

1.1e 6.2bc 

EB8 8.2a

b 

17.5 

ab  

10.8a 

 

99.7
abc 

12.1a 14.8a 56.3b

cdef 

1.4a 24.7
a 

1.8a 84.0ab

c 

73.8abc

d 

4.0efg 77.8ab 99.2a 163.0
a 

22.6 

cdefg 

18.2a 1.2de 6.8ab 

EB12 9.3a

b  

13.2 

b  

8.2a 

 

99.4
abc 

12.0a 14.8a 51.4d

ef 

1.4a 26.7
a 

1.3a 85.2ab 65.7abc

d 

4.7efg 70.3ab 87.8ab 151.7
ab 

20.0de

fg 

17.8ab 1.1de 6.8ab 

EbC 7.2a

bc  

18.0
ab  

12.7a 

 

95.0
bc 

13.0a 14.7a 66.7a

b 

1.5a 19.3
a 

1.0a 77.5cd

ef 

46.3bcd 11.0b

cdefg 

57.3ab 67.7ab 122.7
ab 

22.9bc

def 

13.1gh 1.8abc 6.8ab 

Eb1 6.8a

bc  

18.7
ab  

9.9a 

 

109.

5abc 

11.0a 14.8a 59.5a

bcdef 

1.5a 25.0
a 

1.5a 76.3ef 44.0cd 2.8g 46.8b 45.0b 88.3b 28.3ab 12.7h 2.2a 6.7ab 

Eb2 6.2c  23.0
a   

13.0a 

 

113.

2abc 

12.0a 14.8a 59.7a

bcdef 

1.5a 26.2
a 

1.3a 86.2a 72.7abc

d 

7.8cde

dfg 

80.5a 98.3a 166.0
a 

31.9a 15.5cd

ef 

2.1ab 7.3a 

Eb8 6.2c  15.0
ab  

12.2a 

 

104.

4abc 

12.2a 16.2a 63.4a

bc 

1.5a 24.7
a 

2.0a 75.7f 47.0bcd 23.0a

bcd 

70.0ab 76.0ab 129.3
ab 

22.6bc

def 

14.1ef

gh 

1.6bcd 6.0bc 

Eb12 5.8c  20.4
ab 

10.8a 

 

107.

1abc 

10.9a 14.8a 66.0a

b 

1.5a 25.8
a 

1.5a 78.0cd

ef 

59.8abc

d 

5.8def

g 

65.7ab 66.5ab 119.7
ab 

26.5ab

cd 

13.6fg

h 

2.0ab 6.3bc 

Eb14 7.0a

bc  

20.5
ab   

10.9a 

 

108.

0abc 

11.9a 16.2a 66.2a

b 

1.5a 25.5
a 

1.8a 79.8ab

cdef 

60.0abc

d 

11.5b

cdefg 

71.5ab 78.8ab 138.7
ab 

27.2ab

c 

13.5fg

h 

2.0ab 6.2bc 

Eb22 7.2a

bc  

18.2
ab 

11.8a 

 

109.

0abc 

10.8a 15.0a 62.3a

bcd 

1.4a 24.2
a 

2.3a 80.2ab

cdef 

54.2abc

d 

20.0a

bcdefg 

74.2ab 85.7ab 136.0
ab 

20.6 

cdefg 

15.1de

fg 

1.4cde 5.7c 

CBC 7.7 

abc  

14.3
ab  

11.0a 

 

92.0
c 

11.7a 15.5a 49.0f 1.4a 24.8
a 

1.0a 81.5ab

cdef 

50.3abc

d 

11.5b

cdefg 

61.8ab 70.7ab 117.0
ab 

17.2fg 16.9ab

cd 

1.0e 6.4abc 

CB2 7.8 

abc  

15.3 

ab  

10.0a 

 

93.3 

c 

11.8a 15.7a 51.5d

ef 

1.5a 22.5
a 

1.5a 80.3ab

cdef 

55.8abc

d 

5.7def

g 

61.5ab 77.8ab 137.7
ab 

18.4 

efg 

16.9ab

cd 

1.1de 6.6abc 

CB3 6.5b

c  

13.5
b  

10.5a 

 

97.0
abc 

12.6a 15.2a 50.7e

f 

1.5a 22.8
a 

1.5a 80.3ab

cdef 

58.5abc

d 

6.3def

g 

64.8ab 78.3ab 129.3
ab 

17.1fg 16.9ab

cd 

1.0e 6.4abc 
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CB5 7.8 

abc 

17.8 

ab  

10.8a 

 

93.5
bc 

13.0a 16.2a 52.9c

def 

1.5a 25.5
a 

1.5a 79.7ab

cdef 

62.2abc

d 

3.5fg 65.6ab 70.8ab 126.7
ab 

18.3ef

g 

16.6ab

cd 

1.1de 6.5abc 

CB5 7.8 

abc 

17.8 

ab  

10.8a 

 

93.5
bc 

13.0a 16.2a 52.9c

def 

1.5a 25.5
a 

1.5a 79.7ab

cdef 

62.2abc

d 

3.5fg 65.6ab 70.8ab 126.7
ab 

18.3ef

g 

16.6ab

cd 

1.1de 6.5abc 

CB7 7.5a

bc  

14.5 

ab 

12.0a 

 

95.7
bc 

12.0a 15.0a 48.8f 1.5a 25.0
a 

1.5a 80.2ab

cdef 

55.2abc

d 

4.5efg 59.7ab 73.8ab 135.0
ab 

20.3de

fg 

17.0ab

cd 

1.2de 6.4abc 

CB16 8.2 

abc 

16.3 

ab 

11.6a 

 

94.2 

bc 

12.0a 16.0a 50.5e

f 

1.4a 27.5
a 

1.2a 80.8ab

cdef 

73.0abc

d 

7.2cde

fg 

80.2a 91.2a 135.7
ab 

16.1fg 16.5ab

cd 

1.0e 6.2bc 

CbC 6.2c 18.2 

ab  

12.5a 

 

109.

2abc 

12.3a 16.0a 64.5a

b 

1.5a 25.0
a 

2.3a 79.3ab

cdef 

45.2cd 28.3a

b 

73.5ab 75.7ab 132.0
ab 

 

 

20.0de

fg 

14.1ef

gh 

1.4cde 6.1bc 

Cb2 6.2c  17.0 

ab  

11.8a 

 

109.

2abc 

11.3a 15.7a 66.6a

b 

1.5a 25.5
a 

2.0a 76.7de

f 

47.0bcd 18.0a

bcdefg 

65.0ab 69.5ab 123.7
ab 

20.1 

defg 

14.7de

fgh 

1.4cde 6.1bc 

Cb5 6.0c  17.3 

ab  

10.8a 

 

115.

8a 

13.3a 15.2a 61.5a

bcde 

1.4a 26.0
a 

2.2a 76.7de

f 

44.3cd 22.2a

bcde 

66.5ab 66.8ab 118.0
ab 

24.8bc

de 

14.0ef

gh 

1.8abc 6.1bc 

Cb9 6.2c  15.0 

ab  

13.6a 

 

105.

2abc 

12.5a 14.8a 69.2a 1.5a 26.8
a 

1.7a 76.3ef 41.3d 21.7a

bcdef 

63.0ab 75.3ab 133.7
ab 

21.7bc

defg 

15.4cd

ef 

1.4cde 6.3bc 

Cb11 6.8a

bc  

15.8 

ab 

13.3a 

 

105.

0abc 

12.0a 16a 64.7a

b 

1.5a 26.5
a 

2.2a 77.0cd

ef 

51.3abc

d 

29.8a 81.2a 89.7ab 140.3
ab 

21.4cd

efg 

15.5bc

def 

1.4cde 6.1bc 

Cb19 6.8a

bc  

18.0 

ab  

14.9a 

 

101.

7abc 

12.8a 16.2a 66.3a

b 

1.5a 17.2
a 

1.3a 79.0bc

def 

51.7abc

d 

24.7a

bc 

76.3ab 84.7ab 138.0
ab 

21.5 

cdefg 

15.4cd

ef 

1.4cde 6.4abc 

 

Values in the same column followed by the same lettter (s) do not significantly differ, by Tukey’s test at P> 0.05.  

 

  

Table 5.1 Continued  
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The mean number of leaves (NL) and leaf width (LW) also did not differ 

significantly (P> 0.05). Mean NL ranged from 14.7 (EB7) to 16.2 (CB5, Eb8, 

Cb11, Eb14, and EBC). Also, mean LW ranged from an average of 1.4 (EB8) 

to 1.5 (EbC, Cb11, Eb12, CB5, Cb19, Eb2) (Table 5.1). 

Leaf length (LL) differed significantly (P<0.0001) among the genotypes. LL 

ranged from 48.8 cm in CB7 to 69.2 cm in Cb9. The majority of colchicine-

treated brown mutants (Cb9, Cb2, Cb19, Cb11) outperformed their control 

(CbC) and many of the genotypes including their black colchicine-treated 

counterparts (Table 5.1). This was expected as colchicine resulted in increased 

chromosome number of organisms leading to increased plant growth and 

production of larger plants (Liu et al., 2007; Spencer-Lopes et al., 2018; Kumar 

et al., 2019). The results indicated that the influence of colchicine had a 

significantly greater effect on the growth characteristics of brown tiger nuts 

compared to the black genotypes. This aligns with previous fundings indicating 

that brown tiger nut accessions are more susceptible to the impacts of mutagens 

in plant growth traits than the black types (Twumasi et al., 2023).  

Earliness to maturity 

Ordinarily, tiger nuts take 90 to 110 days after planting to reach physiological 

maturity if properly managed (Bazine & Arslanoğlu, 2020). Physiological 

maturity involving signs of yellowing of leaves and the cessation of new 

inflorescence occurs when the plant is 75 to 90 days old (Tetteh & Ofori, 1998). 

Overall, all the 25 genotypes used in the current study physiologically matured 

in a space range of 75 to 86 days indicating general earliness of maturity for the 

mutants and their controls. This is not surprising as earliness was an important 

trait considered in the selection process of the genotypes for the successive 
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generations from M1V1 to M1V4. Therefore, these genotypes present a choice 

of candidates for breeding for earliness. However, six mutants outperformed the 

so-early-to mature control (EbC), which physiologically matured at 78 days 

(Figure 5.3). The very-early-to mature mutant, Eb8, which initiated flower 

setting as early as 17 days (Table 5.1) had a mean of 75.7 days to reach 

physiological maturity. This was followed by the mutants Eb1, Cb9, Cb2, Cb5, 

and Cb11, which respectively, on average took 76.3, 76.3, 76.7, 76.7, and 77.0 

days to reach physiological maturity (Figure 5.3).  

 

Figure 5.3: Effects of mutagens on days to physiological maturity among the 

25 tiger nut genotypes.  

All six mutants were brown with only two (Eb1, Eb8) EMS treated while the 

rest were colchicine treated, indicative of the probable influence of colchicine 

for early maturity in brown tiger nuts. Also, the brown tiger nuts were more 

responsive to the effects of the chemical mutagens. The very sensitive nature of 
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brown tiger nuts to chemicals and other environmental stresses has been 

reported (Mu et al., 2022; Li et al., 2023). This findings of the brown tiger nut 

genotypes as highly sensitive to the chemical mutagens (EMS and colchicine) 

than their black counterparts were not evident only in earliness but also in days 

to germination (DG), number of tillers (NT), plant height (PH), and number of 

inflorescence per plant (NIP) among others (Table 5.1). The onset of flowering 

was early in the mutant Cb19 with a mean of 17.2 days while it was late in the 

mutant CB16 with a mean of 27.5 days. Flowering was 100% as all genotypes 

flowered with an average of 1.00 to 2.3 inflorescences per plant (Table 5.1). 

This is very promising for breeding advancement for the crop as tiger nuts 

scarcely flower. However, poor flowering was observed in an earlier work on 

the phenotypic characterization of tiger nut accessions in Ghana (Asare et al., 

2020). The observation of flowering in the current study can be attributed to the 

effects of the mutagens, for example, EMS might have altered  some genes in 

the genotypes for flower initiation whiles colchicine disrupted microtubles 

formation for polyploidy and altered flowering (Kumar et al., 2021; Kumari, 

2024). The mean numbers of inflorescece per plant were higher in brown 

colchinine-treated genotypes than the brown EMS-treated ones, and also all the 

black tiger nut types for both EMS and colchicine-treated (Table 5.1). 

Additionally, the careful selection for inflorescence (flowering) of the 

genotypes for the successive generations might have been another cause of 

100% formation of percentage inflorescence for all the 25 genotypes.  

Yield 

Generally, there was wide variability in yield among the 25 tiger nut genotypes 

in terms of mean hundred-tuber-weight per genotype (HTW) and mean overall 
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tuber weight per plant (OTW). For instance, HTW differed significantly (P 

<0.01) among the genotypes (Figure 5.4). In all, 11 mutant genotypes made up 

of both EMS-treated and colchicine-treated brown and black tiger nuts 

performed better than the best control in HTW ranking. The highest HTW was 

observed in Eb2 with a remarkable HTW of 166.0 g compared to 132.0g in the 

control, CbC. The others included EB8 (163.0 g), EB12 (151.7 g), Cb11 (140.3 

g), Eb14 (138.7 g), Cb19 (138.0 g), CB2 (137.7 g), Eb22 (136.0 g), CB16 (135.7 

g), CB7 (135.0 g), and Cb9 (133.7 g) (Figure 5.4).   

 

Figure 5.4: Effects of mutagens on hundred-tuber-weight among the genotypes.  

The HTWs obtained in the current study are higher than those (99.28 g in 2019 

and 102.85 g in 2020) recorded by Yang et al. (2022). Again, they outweighed 

the majority of the accessions evaluated in Ghana. For instance, in a 

morphological characterization of local tiger nut accessions, Donkor and her 
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colleagues recorded 17.8- 132.3 g for HTW among 23 out of 24 accessions, 

with only one out of the 24 accessions producing a higher HTW of 295.3 g 

compared to that observed in the current study (Donkor et al., 2019). 

Nonetheless, the mutants of the recent study, on average, are commendable for 

their mean values in HTW as compared to their controls, and hence present 

added reserve to tiger nut accessions in Ghana for breeding improvement. Seven 

of these mutants were the best-performing genotypes in mean tuber yield per 

stand (Figure 5.5). They outperformed the best control genotype EBC (119.8 g). 

The mutants and their differences in performacnce from the best control were 

EB8 (29.0 g), Eb2 (27.7 g), CB16 (17.0 g), Cb11(14.7 g), EB12 (12.0 g), Eb22 

(8.7 g), and Cb19 (7.2 g). 

 

Figure 5.5: Effects of mutagens onmean tuber yield of tiger nut mutants and 

their controls.  
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Mean tuber yield or overall tuber weight (OTW) ranged from 67.5 g for the 

mutant Eb1 to 148.8 g for the mutant EB8; and the differences were significant 

(P<0.05) among the accessions. Among the treated genotypes, only the 

colchicine-treated black mutants outperformed their control. The rest, however, 

had some mutants outperforming their control while the others’ performance 

was below that of the control. For example, two of the EMS-treated black 

mutants, EB8 (148.8 g) and EB12 (131.8 g) outperformed their control EBC 

(119.8 g). Whilst EB7 (112.2 g), EB5 (110.2 g), and EB2 (105.3 g) performed 

below the control. Overall tuber weight is influenced by several factors 

involving genetics, environmental conditions, soil quality, water availability, 

and cultivational practices (Liliane & Charles, 2020). The differences in tuber 

yield may be attributed to genetics as the genotypes were cultivated under the 

same environmental conditions apart from the mutagen applied. According to 

Khursheed et al. (2021), the impact of a mutagen is species-specific and also 

affected by the type and dose of the mutagen. Hence given the optimum or 

recommended dose of mutagen as per the current study, it can be concluded that 

colchicine influenced the genotype of the black tiger nuts translating into an 

overall increased in tuber weight. 

Tuber characteristics 

In general, tuber coat colour among the genotypes for putative mutant and 

mutant lines remained unchanged under treatment with the mutagens (both 

EMS and Colchicine) from M1V1 to M1V4. EMS-treated black and colchicine-

treated black tubers were black respectively upon successive generations. 

Similarly, the brown genotypes treated with EMS and colchicine showed no 

colour change in the tubers produced (Figure 5.6).  
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Figure 5.6: Tuber characteristics of mutants and control tiger nut genotypes. 

This indicates that coat colour is sparsely affected in vegetatively propagated 

crops when exposed to mutagens, unlike other sexually propagated crops. This 

findings of the current study is in agreement with Shin et al. (2011) and 

Somalraju et al. (2018) who observed no colour change in the tuber coat colour 

of sweet potato tubers mutagenized with gamm irradiation. However, with 

sexually propagated crops, the effect is clear and domineering with colour 
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changes as reported in the seeds of cowpea exposed to mutagens (Horn et al., 

2016; Opoku Gyamfi et al., 2022). 

Another interesting observation made on tuber development was twined or 

multiple tuber formation among some of the mutants, EMS-treated brown 

genoypes (Figure 5.6). Four of the EMS-treated brown mutants had multiple 

tuber development, resulting in enhanced tuber sizes and various shapes.  For 

example, the tuber lengths of Eb2 (47.9 mm), Eb1 (42.5 mm), Eb14 (40.8 mm) 

and Eb12 (39.8 mm) were longer than EbC (33.9 mm), the control (Table 5.1).  

 

Effects of mutagens on tuber attachment to plant on harvest 

overall, the mutant EB5 had the highest number of tuber attached per plant of 

80.3 out of the total mean of 84.2 tubers underground (Table 5.1), representing 

95.4% of tubers attached to the plant during harvesting. This was followed by 

EB7 (79.5), EB2 (75.7), and EB8 (73.8), all of which were black tiger nuts 

treated with EMS (Figure 5.6). Colchicine-treated mutant, CB16, another black 

tiger nut ranked 5th with a mean tuber count of 73.0 (Figure 5.6) accounting for 

91% of nuts produced. Among the EMS-treated brown mutants, Eb2 had the 

highest mean number of tubers attached with 72.7 out of 80.5 tubers per stand 

representing 90.3% to rank 6th. The mutants; EB12, CB5, Eb14, and Eb12 

ranked next in succession having the control, EBC occupying the 11th position 

with a mean number of 59.3 tuber attached (86.6%) out of 68.5 tubers harvested. 

on the basis of colchicine-treated brown genotypes, 3 mutants- Cb19 (51.7 

tubers), Cb11 (51.3 tubers) and Cb2 (47.0 tubers) performed better than their 

control CbC which had an average of 45.2 tubers attached to the plant (Figure 

5.7). 
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Figure 5.7: Effects of mutagens on mean number of tubers attached to genotypes 

on harvest. 

In addressing the problem of difficulty in harvesting arising from detachment 

of the tubers in the soil at harvesting as lamented by farmers (Tetteh & Ofori, 

1998; Akabassi et al., 2021), producers and plant breeders stand the chance of 

selecting these identified mutants with such resilient and robust runners for 

tuber attachment on plants during harvesting.   

 

Genetic relationship of genotypes 

The genetic similarity among 21 mutants and their 4 controls was estimated 

utilizing standardized variables using Euclidean distance measure on 20 

morphological traits. A wide range of variations existed among the genotypes. 

The genotypes were grouped into nine clusters using the elbow method (Figure 
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5.8), and at a Euclidean similarity distance of 48.76% (Figure 5.9). The elbow 

method illustrates a graph depicting the clustering performance (Within Cluster 

Sum of Squares) across varying number of clusters. The ideal number of clusters 

is identified at the point in the graph where it bends or forms a knee or elbow, 

with subsequent points showing a decrease in significance (Tan et al., 2019). 

Three clusters (I, V and IX) were independently grouped from the rest. Clusters 

I and V were made up of only Eb2, and Eb1 mutants respectively. They were 

distantly apart from each other and their control (EbC) which was grouped with 

Cb19 in cluster VIII (Figure 5.9) on the premise of having a broader leaf width 

of 1.5mm. Cluster IX consisted of only one black EMS genotype (EB2) which 

varied distantly from its control (EBC) in another cluster (VI). This indicates 

high genetic variability and substantial genetic diversity in existence. Cluster II 

was made up of two genotypes consisting of the mutants Eb12, and Eb14. These 

mutants were all EMS-treated brown genotypes. 

 

Figure 5.8: Elbow technique showing the optimum number of clusters. 
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Figure 5.9: Dendrogram showing the diversity of mutants and control across 

twenty morpho descriptors using Euclidean measure similarity index. 

The red colour indicates black genotypes treated with EMS; green colour shows 

black genotypes treated with colchicine; blue colour signifies brown genotypes 

treated with EMS; and yellow colour denotes brown genotypes treated with 

Colchicine.  

Cluster III consisted of 5 genotypes. Four were colchicine-treated brown and 

the remainder was an EMS brown mutant (Eb8). The colchicine-treated brown 

genotypes were made up of the control (CbC) and 3 colchicine-treated brown 

mutants (Cb2, Cb5, and Cb9) (Figure 5.9; Figure 5.10A). The clustering was 

done according to various factors, including the height of the plants, the number 

of inflorescences per plant, the length of the leaves, the distance between the 

last tiller and the main plant, the number of tillers, the number of detached 

tubers, and the shape of the tubers (as shown in Figure 5.10B). They were tall 

in height, had 2 or more inflorescences, a large number of tubers detached in 

the soil, and oval-shaped tubers among others (Table 5.1).  
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Figure 5.10: Principal components analysis using the correlation matrix of the 

characteristics among the 25 genotypes (mutants and control) of tiger nuts: A- 

PC score plot showing the distribution of genotypes. B- PC biplot showing the 

distribution of genotypes and morpho descriptors. 

Members of cluster IV were made up of only two mutants (Cb11 and Eb22). 

Though they were treated differently, they were grouped together because they 

had more than 2 inflorescences (Figure 5.10B; Table 5.1). 

Cluster VI is a group of 5 black tuber-producing genotypes. Four were EMS 

black mutants (EB5, EB7, EB8, EB12) clustered together with their control 

(EBC). They were clustered here because they share the characteristics of 

having similar days to physiological maturity (83-86 days) and higher number 

of tuber attached to the plant on harvesting among the genotypes. Breeders and 

farmers desire to have tiger nuts with tubers attached at physiological maturity 

to overcome the difficulty in harvesting, recover all tubers, and to save time and 

labour costs. Though the mutants clustered here with their control, the mutants 

had higher tuber numbers than their control. 
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Similarly, cluster VII was composed of six colchicine-treated black genotypes, 

including the control (CBC) and 5 mutants (CB2, CB3, CB5, CB7, CB16) 

(Figure 5.9). They germinated between 7 and 8 days after sowing (Table 5.1). 

 

Nutritional value of mutants 

Increased consumption and utilization of tiger nuts, such as in the form of flour, 

milk or oil, is influenced by their nutritional composition. The tubers are rich in 

almost all functional food nutrients. However, the nutrient composition of the 

tuber is dependent on the type or variety of the tuber (yellow, brown, or black), 

the area of cultivation, planting seasons and the postharvest method used in the 

processing of the tubers (Adgidzi et al., 2011; Asante et al., 2014). The findings 

of the present study showed that the highest mean carbohydrate content of 

52.6% was obtained for the mutant Cb19 with the least of 43.9% in EB8 (Table 

5.2). EB12 ranked second highest with 50.6% followed by Eb22, Cb11 and CB2 

with carbohydrate contents of 49.3%, 48.7% and 48.1%, respectively, all of 

which performed better in carbohydrates than the best-performing control, 

EBC. The carbohydrate content in the four controls EBC, CbC, CBC, and EbC, 

were 46.9%, 46.7%, 46.6% and 45.0%, respectively (Table 5.2). The 

carbohydrate contents in the controls are in conformity of previous findings of 

45.73% (Sabah et al., 2019) and 46.99% for yellow-type tiger nut tubers 

(Nwaoguikpe, 2010). However, the current findings are higher than values to 

43.3% (Sánchez-Zapata et al., 2012) and 41.22% for brown-type, and 65.66% 

of black-type (Nwaoguikpe, 2010), suggesting that the percentage nutrient 

content varies with the type of tiger nut tuber (Asante et al., 2014).  
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Table 5.2: Proximate composition of tiger nut tubers in mutants and their controls. 

Genotype % Moisture % Crude Ash % Fat % Crude Fibre % Crude Protein % Carbohydrate 

EBC 16.6±0.18ef 3.2±0.14bcd 20.1±0.31a 11.3±0.88def 2.5±0.01d 46.9±0.25cd 

EB8 16.9±0.31e 3.5±0.24ab 20.6±0.22a 12.4±0.91bcd 3.6±0.33bc 43.9±1.09e 

EB12 16.3±0.19fg 3.2±0.04bcd 16.8±0.20d 9.7±0.22fg 3.7±0.09bc 50.6±0.48ab 

EbC 20.6±0.10a 3.4±0.12ab 14.9±0.36e 11.1±0.76def 4.6±0.22a 45.0±2.11de 

Eb2 17.8±0.14d 3.7±0.22a 17.1±0.01cd 13.9±0.24ab 3.3±0.15c 44.5±0.25de 

Eb14 20.5±0.12a 2.8±0.22def 16.9±0.17cd 13.8±1.00ab 1.9±0.02e 44.8±1.05de 

Eb22 19.9±0.01b 2.6±0.0.04ef 15.0±0.51e 10.5±0.45efg 3.3±0.16c 49.3±0.82bc 

CBC 15.4±0.27hi 3.4±0.10abc 19.0±0.28b 14.2±0.54a 2.1±0.05de 46.6±1.23cde 

CB2 14.8±0.51i 3.7±0.07ab 19.0±0.36b 11.7±0.37cde 3.5±0.26c 48.1±0.55bc 

CB16 16.8±0.15ef 2.6±0.31ef 19.7±0.51ab 13.5±0.12abc 3.5±0.33c 44.6±1.11de 

CbC 19.5±0.05bc 3.1±0.12bcde 17.8±0.56c 11.2±0.84def 2.5±0.02d 46.7±1.00cde 

Cb11 19.1±0.01c 2.5±0.08f 16.9±0.32cd 9.0±0.50gh 4.1±0.14ab 48.7±0.24bc 

Cb19 15.9±0.11gh 2.9±0.22cdef 17.5±0.13cd 7.5±0.06h 3.7±0.04bc 52.6±0.23a 

Means and standard deviations for n =3. Means having the same letter(s) do not differ significantly differby Tukey’s test at (P>0.05).
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On the part of crude protein content, eight mutants out of the 13 genotypes (9 

mutants and 4 controls) outperformed 3 controls (EBC-2.51%, CbC-2.46%, 

CBC-2.12%). They included Cb11 (4.08%), Cb19 (3.74%), EB12 (3.74%), EB8 

(3.6%), CB16 (3.51%), CB2 (3.47%), Eb2 (3.30%), and Eb22 (3.30%) (Table 

5.2), However they scored low crude protein values to the contorl, EbC, which 

recorded the highest value of 4.60%. Nontheless, . many of these mutants 

performed well for the carbohydrates (Table 5.2), hence they have great 

potential to be used for food. The crude protein content of genotypes used in the 

current study was comparatively below 5.04% (Sánchez‐Zapata et al., 2012), 

7.15-9.20% (Oladele & Aina, 2007), and 7.15-12.00% (Nwaoguikpe, 2010). 

However, they are in support of the findings of  Bado et al. (2015) (3.30-4.33 

%), and also in agreement with the score range of 4.16- 5.56% of 24 Ghanaian 

accessions evaluated for proximate and mineral composition (Donkor et al., 

2021).  

 

The percentage fat content ranged from a mean of 14.86% for EbC (control) to 

20.61% for EB8. The EMS-treated black mutant, EB8 outperformed the EMS 

black control (EBC) which recorded 20.08%. Additionally, all three EMS-

treated brown mutants—Eb2 (17.14%), Eb14 (16.94%), and Eb22 (15.03%)—

exhibited superior fat values compared to their control, EbC (14.89%). Among 

the two colchicine-treated black mutants, CB16 (19.70%) outperformed the 

control CBC (18.98%), while CB2 recorded a similar level at 18.97%.  

Conversely, neither of the two colchicine-treated brown mutants exceeded their 

control counterpart CbC (17.79%). Overall, the findings indicate that black tiger 

nut tubers possess a higher fat content than their brown counterparts. 
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Specifically, five black genotypes, which included one EMS black mutant, two 

colchicine black mutants, one EMS black control, and one colchicine black 

control, ranked higher in fat content than the brown genotypes. This suggests 

that the black tiger nut accessions in Ghana are more suitable for oil production 

due to their higher crude fat levels compared to the brown and yellow varieties 

assessed for their proximate and mineral composition (Donkor et al., 2021). 

These results are however in contrast with previous studies that reported higher 

crude fat percentages in yellow and brown tiger nut tubers compared to black 

types (Oladele & Aina, 2007; Nwaoguikpe, 2010; Sánchez‐Zapata et al., 

2012; Bado et al., 2015). Furthermore, the nutritional composition of both 

brown and black tiger nut tubers is significantly influenced by the cultivation 

site and planting periods (Aremu et al., 2015). 

 

Besides the chemical constituents of proximate composition, tiger nut tubers are 

also valued for their rich mineral deposits. Table 5.3 shows the high levels of 

phosphorous, potassium, and iron in the tubers with calcium, magnesium, and 

sodium being in low amounts. 

In general, the mutants had increased phosphorous and potassium contents 

compared to the controls. Contrarily, the calcium and iron levels were lower in 

the mutants than in the control. Also, the effects of both EMS and colchicine on 

the richness of the mutants for magnesium, and sodium contents were 

insignificant to their controls (Table 5.3). This finding of the current study is 

suggestive that the EMS and the colchicine mutagens did not significantly 

affected the calcuim, iron, magnessium and sodium contents of tiger nuts as 

observed in tomato (Islam et al., 2024). 
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Percentage phosphorous on the other hand, ranged from 0.49% (EB8) to 0.64% 

(Eb2). The mutant Eb2 outperformed all the accessions, including the four 

controls, EBC, CBC, EbC and CbC which recorded 0.59%, 0.57%, 0.50%, and 

0.49% respectively (Table 5.3). The value of 0.64% far exceeds that of 0.141% 

(Sabah et al., 2019), 0.121% (Oladele & Aina, 2007), 0.229- 0.283% (Bado et 

al., 2015), and the majority of accessions evaluated in Ghana (Donkor et al., 

2021). The EMS-treated brown mutants, Eb2 (0.64%) and Eb22 (0.59%) were 

richer in phosphorous than their control, Ebc (0.50%). Whiles none of the EMS-

treated black mutatants outwitted their control, EBC (0.50%) in phosphorous 

content (Table 5.3). On the part of colchicine, the colchicine-treated brown 

mutants Cb11 (0.58%) and Cb19 (0.54) performed better than their control, CbC 

(0.49) in phosphorous. Wheras, only one colcichine-treated black mutant, CB2 

(0.59%) was a little higher than the control, CBC (0.57%) in phosphorous.  

Potassium content ranged from 1.28% for CbC (control) to 1.75% for Eb14 

(mutant). Within the EMS based accessions, the black mutants, EB8 (1.53%) 

and EB12 (1.42%) were richer in potassium than their control, EBC (1.40%). 

Conversely, all the three EMS-treated brown mutants (Eb2-1.64%, Eb14-1.75% 

and Eb22-1.64%) were lower in potassium content to their control, EbC (1.65%) 

(Table 5.3). This narrative however was opposite with the colchicine based 

accessions, where all the two brown mutants Cb11 (1.40%) and Cb19 (1.55%) 

had high potassium values than their control, CbC (1.28%). While the 

colchicine-treated black mutant, CB2 (1.56) was richer in potassium than the 

control, CBC (1.55%). Eb14, overall, ranked the highest and was followed by 

the control, EbC with 1.65%. The high percentage of potassium in Eb14 exceeds 

that of 0.556-0.845% (Bado et al., 2015), and 0.216% (Oladele & Aina, 2007). 
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Notwithstanding, the high potassium values including that of the controls for 

the current study as also identified by Donkor et al. (2021), are indicative that 

Ghanaian tiger nut accessions are endowed with a good amount of potassium 

for the normal functioning of the heart, regulation of muscular contraction, and 

the synthesis of protein and carbohydrates metabolism (Pohl et al., 2013). The 

mutant  

Table 5.3: Mineral composition in tuber of tiger nut mutants and their 

controls. 

Genotype P (%) K (%) Ca (%) Mg (%) Na (%) Fe (%) 

EBC 0.59±0.00b 1.40±0.00e 0.34±0.01c 0.11±0.00cd 0.03±0.00cd 0.94±0.03a 

EB8 0.49±0.00h 1.53±0.01d 0.33±0.00cd 0.09±0.00f 0.03±0.00cd 0.66±0.03e 

EB12 0.52±0.00e 1.42±0.01e 0.33±0.00d 0.10±0.00de 0.03±0.00ab 0.83±0.02b 

EbC 0.50±0.00fg 1.65±0.00e 0.33±0.00cd 0.11±0.00bc 0.03±0.00ef 0.68±0.01de 

Eb2 0.64±0.00a 1.64±0.01b 0.34±0.01c 0.08±0.00f 0.03±0.00de 0.75±0.03cd 

Eb14 0.49±0.00gh 1.75±0.01a 0.34±0.00cd 0.09±0.00ef 0.03±0.00abc 0.85±0.03b 

Eb22 0.59±0.01b 1.64±0.01b 0.29±0.00e 0.09±0.00f 0.03±0.00bc 0.58±0.01f 

CBC 0.57±0.01c 1.55±0.02cd 0.34±0.00cd 0.09±0.00ef 0.03±0.00f 0.78±0.01bc 

CB2 0.59±0.00b 1.56±0.01c 0.29±0.00e 0.12±0.00b 0.03±0.00de 0.84±0.03b 

CB16 0.50±0.01ef 1.41±0.01e 0.37±0.00b 0.14±0.00a 0.03±0.00f 0.67±0.02e 

CbC 0.49±0.01h 1.28±0.01f 0.41±0.01a 0.14±0.00a 0.02±0.00g 0.74±0.04cd 

Cb11 0.58±0.00bc 1.40±0.00e 0.34±0.01cd 0.09±0.00f 0.03±0.00de 0.81±0.03bc 

Cb19 0.54±0.01d 1.55±0.01cd 0.30±0.01e 0.12±0.01bc 0.03±0.00a 0.76±0.03c 

Means and standard deviations for n =3. Means having the same letter(s) do not 

significantly differ by Tukey’s mean separation test at P>0.05.  

A combined proximate and mineral components analysis revealed a 

dendrogram of nine clusters using the elbow method (Figure 11) at 49.19% 

Euclidean similarity distance measure of standardized variables (Figure 5.12). 
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The genotypes EB8, EbC, Eb14, Eb22, and Cb11 individually stood alone 

indicating the presence of variability, and also how distantly they differ from 

each other and the other groups. The mutant, CB2 was put in the same cluster 

with EBC (control) as having similar nutrient composition. The mutant, Eb2, 

though brown and EMS treated, was put in the same cluster with a control black 

genotype (CBC). Also, the black EMS mutant (EB12) was in the same cluster 

as a brown colchicine-treated mutant (Cb19). Another black colchicine mutant 

(CB16) was also put together with a colchicine brown control genotype (CbC) 

(Figure 5.12). The clustering pattern indicates that genotypes in the same cluster 

have similar nutrient composition but differ from one cluster to the other. 

Though genotypes in the same cluster may differ in phenotypic characteristics, 

such as tuber colour, they have similar nutrient composition. The dissimilarities 

observed in the phenotype can be explained by the diverse genetic makeups and 

environmental factors that individuals possess and exposed to (Dingemanse & 

Wolf, 2013). It is possible that the mutagens acted differently at the different 

loci of the accessions resulting in an effect relative to each genotype. 

Mutagenesis does not entirely change the genetic composition of a mutant from 

its control but modifies an aspect or some aspects of its characteristics bringing 

about speciation of organisms. This might be the reason for the results in Figure 

5.12. Similar findings were reported by Campbell & Sederoff (1996) and Fehr 

(2007).  
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Figure 5.11: The optimal number of clusters determined using the elbow 

method. 

.

 

Figure 5.12: Relationships among the 13 tiger nut accessions (mutants and 

controls) based on their proximate and mineral compositions. 

The red colour indicates black genotypes treated with EMS; green colour shows 

black genotypes treated with colchicine; blue colour signifies brown genotypes 

treated with EMS; and yellow colour denotes brown genotypes treated with 

colchicine.  
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Conclusions  

Mutagenesis in crop production holds the key to variation in plant breeding in 

unlocking variability for diversity among and within vegetatively propagated 

crops for improvement. Improving the yield, earliness, and nutritional contents 

of tiger nuts adds to plant breeders’ quest to achieve food security, and also 

overcome the problem of hidden hunger in the 21st century. 

The research was conducted at the Crop Research Institute of the Council for 

Scientific and Industrial Research, Fumesua. Six hundred tiger nut tubers 

(control, EMS-treated and colchicine-treated tubers) consisting of brown and 

black types were used in M1V1. One thousand one hundred and sixty-eight 

(1168) black and brown types (bulked tubers from M1V1 harvest) were used 

for the M1V2. Subjecting to further screening, 100 tubers were used for M1V3, 

and finally, 25 genotypes made up of 21 mutants and 4 controls were used for 

the M1V4 evaluation in a randomized complete block design. 

The results indicated no effect by the EMS and colchicine mutagens on the tuber 

colour of the genotypes throughout the M1V1-M1V4 generations. However, 

there were changes in plant growth characteristics with significant differences 

among the 25 genotypes with the mutant Cb5 having the greatest mean plant 

height of 115.75 cm. Colchicine had a positive impact on influencing plant 

height, stem girth expansion, and leaf length. Additionally, colchicine 

controlled earliness by having four of its treated brown-mutants (Cb9, Cb2, 

Cb5, and Cb11) ranking with two EMS brown mutants (Eb8, and Eb1) maturing 

earlier (75-77 days) than the other genotypes including their controls.  
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On yield, eleven mutants including 2 EMS black (EB8, EB12), 3 EMS brown 

(Eb2, Eb14, Eb22), 3 colchicine black (CB2, CB7, CB16), and 3 colchicine 

brown (Cb11, Cb16, Cb19) genotypes outperformed the best control based on 

hundred tuber weight. Four EMS-treated brown mutants (Eb2, Eb1, Eb12, and 

Eb14) had multiple tuber development and produced larger tuber sizes with 

various shapes. The tubers of the black mutants of both colchicine and EMS 

treated accessions showed strong attachment to the plant at harvesting leaving 

few tubers in the soil for retrieval. The highest tuber attachment was recorded 

in EB5. Among the brown genotypes, Eb2 had the highest number of tuber 

attached to the parent plant. Proximate and mineral analysis of the tubers 

revealed wide variability with nine cluster groupings at a Euclidean similarity 

measure of 49.19% among the 13 accessions evaluated. A similar number of 

cluster groupings was confirmed for all 25 genotypes across 20 morpho-

descriptors, evidence of existence of wide genetic diversity among the mutants 

and the controls. 
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CHAPTER SIX 

SUMMARY, GENERAL CONCLUSIONS AND 

RECOMMENDATIONS 

SUMMARY 

The first aim of this study was to assess the genetic diversity among tiger nut 

accessions by examining both yield and morphological descriptors. Forty-two 

accessions were obtained from farmers in the Northern, Upper East, Upper 

West, Bono East, Eastern, and Central regions of Ghana, -. which constituted 

the phytogeographic zones or major tiger nuts growing regions in Ghana. The 

experiment was conducted at the Teaching and Research Farm of the University 

of Cape Coast, following a randomized complete block design with three 

replications. Results revealed the presence of variability among the accessions 

for some traits. However, there was low diversity among the accessions across 

the 11 morpho-descriptors. 

This study also sought secondly to determine the genetic variability and 

diversity of tiger nuts using SSR markers. Forty-one out of the 42 accessions 

used in the previous experimental study planted in pots in a greenhouse, 

successfully germinated, and were analyzed in the Biochemistry Laboratory of 

CRI, Fumesua. A total of 141 alleles were obtained for nine SSR loci across the 

41 accessions with a mean of 15.67 ± 3.97 per loci and a mean PIC value of 

0.78 ± 0.15, indicating the high discriminating power of the markers. However, 

mean hererozygosity (0.12 ± 0.16) was low. UPGMA cluster analysis grouped 

the accessions into four at a similarity index of 0.88. These findings suggest 
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substantial evidence of low genetic diversity characterized by some level of 

admixture of genes over generations. 

The third aim was to establish the lethal dose that will kill 50 % of the population 

(LD50) (and reduction dose that will reduce 50 % plant height or traits (RD50) 

values for Ethyl methanesulfonate (EMS) and Colchicine for the mutagenesis 

of tiger nuts. Four best-yielding genotypes consisting of two distinct brown 

(OFF-b and APR-b) and two different black (BUO-B and ENK-B) genotypes 

were selected from the morphological studies. Four hundred tubers in all were 

treated with EMS and colchicine at the concentrations; 0%, 0.1%, 0.25%, 0.5%, 

and 1.0% for both mutagens and further planted in a greenhouse. For EMS, LD50 

and RD50 values of 0.97 % and 1.49 % were obtained for the black, respectively, 

while the corresponding values for the brown genotypes were 0.63 % and 1.63 

% respectively. Likewise, for the colchicine mutagen, LD50 and RD50 values of 

1.65 % and 19.51 % were obtained for the black and 0.91 % and 1.71 % for the 

brown genotypes, respectively. 

The final objective was to determine mutants with favorable traits (including 

high yield, larger nut size, early maturity, intact attachment of tubers to plant on 

harvesting, and high nutritional content) for potential enhancement in breeding 

programmes. Six hundred tubers of the four genotypes were mass treated with 

the EMS or colchicine mutagens using their recommended doses of LD50 and 

RD50 as established in the chemosensitivity study. Treated tubers were planted 

in the field as M1V1 at CRI, Fumesua. Tubers (1168) of the genotypes from the 

M1V1 harvest were bulked planted as M1V2. One hundred tubers from the 

M1V2 harvest were used for the M1V3. Finally, 25 genotypes, consisting of 21 

mutants and 4 controls were used for the M1V4 evaluation in a randomized 
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complete block design with three replications. Results showed that there was no 

impact of the mutagens on the tuber coat colour of tiger nuts. On plant growth 

characteristics, the colchicine mutant Cb5 was the tallest. Also, the effect of 

colchicine was evident in colchicine mutants for other plant growth 

characteristics such as stem girth expansion, leaf length, and earliness to 

maturity. Yield was remarkable for 11 mutants out of the 25 genotypes. Two 

EMS-treated black (EB8, EB12), 3 EMS-treated brown (Eb2, Eb14, Eb22), 3 

colchicine-treated black (CB2, CB7, CB16), and 3 colchicine-treated brown 

(Cb11, Cb16, Cb19) genotypes outperformed the best control based on hundred 

tuber weight. Additionally, 4 EMS mutants (Eb2, Eb1, Eb12 and Eb14) had 

multiple tuber development resulting in larger tuber sizes and oblonged shapes. 

On tuber attachment at harvesting, the black mutants were stronger in tuber 

attachment than their brown counterparts. EMS black mutant, EB5 had the 

highest number of tubers attached to the main plant among the 25 genotypes at 

harvest. Overall, variability existed among the genotypes for proximate and 

mineral analyses, and also across 20 morpho-descriptors. This indicates that the 

mutants were significantly different from the controls. Hence, the mutants could 

serve as candidates for futher breeding evaluation and selection for release as 

varieties and also for tiger nut breeding improvement. 

 

General Conclusion 

Improving on any crop demands genetic diversity study of the available 

accessions, further creation of variability, and the selection of accessions with 

promising traits. The current study revealed the existence of high variability 

among the accessions for some of the traits studied morphologically. Both 

morphological descriptors and SSR molecular markers discovered the existence 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



145 
 

of some levels of variability among the 42 tiger nut accessions collected from 

major growing areas in Ghana. However, hierarchical cluster groupings using 

both morphological descriptors or SSR markers revealed low genetic variability 

within the accessions. Accessions from different locations clustered together 

with many characteristics in common, probably due to some level of admixture 

of genes over years of cultivation through the exchange of planting materials by 

farmers. Again, the overtime use of vegetative parts for planting material for an 

area, results in the repeatitive occurrence of plants with same or similar genetic 

attributes as vegetatively propagated crops poorly hybridize naturally. 

To establish the LD50 and RD50 values for the mass treatment of tiger nuts for 

optimal germination and growth, chemosensitivity analysis of the current study 

recommends EMS dose concentrations of 0.63 % and 1.63 % for both LD50 and 

RD50 respectively for the brown tiger nut accessions. 

While the black tiger nut accessions should be treated with EMS dose 

concentrations of 0.97 % and 1.49 %. However, for colchicine, the brown tiger 

nuts must be treated with the dose concentrations of 0.91 % and 1.71 % for LD50 

and RD50 respectively. Whereas the dose concentrations of 1.65 % and 19.51 % 

must be used for the black genotype for both LD50 and RD50 respectively. The 

differences in dose concentrations of the mutagens were species or plant-type 

specific. The black tiger nut genotypes exhibited a higher tolerance to mutagens 

compared to their brown counterparts. Additionally, when subjected to 

colchicine treatment, the genotypes displayed a lesser degree of sensitivity in 

contrast to EMS. 
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Following successive selections based on the breeding objectives of enhancing 

yield, earliness to maturity, intact attachment of tubers to plant on harvest, and 

improved nutrient content (from M1V1-M1V3), 25 genotypes made up of 21 

mutants and 4 controls were finally evaluated at M1V4 generations. Both EMS 

and colchicine mutagens had no effect on coat or skin colour indicating that the 

chemical mutagens may not affect the skin colour formation of tubers in tiger 

nuts. TThe colchicine mutants, Cb5, CB5, Cb19, and CB3 had bigger stem girth 

and longer leaves compared to the others. However, they were shorter compared 

to the EMS mutant EB2 for plant height. Similarly, in earliness to maturity, the 

colchicine mutants, Cb9, Cb2, Cb5, and Cb11, and the the EMS mutants, Eb1 

and Eb8 had a mean of 75-77 days to physiologically matured. Colchicine is 

recognized for its ability to induce an increase in ploidy levels in organisms, 

while EMS is associated with the occurrence of random mutations. 

Consequently, there is a potential for these effects manifested. The impact of 

colchicine on plant growth characteristics and earliness was noticeable than 

anticipated in the yield and tuber size development. The EMS brown mutant, 

Eb2 had the highest hundred tuber weight (HTW) in yield. Ten other mutants 

comprising 4 EMS mutants (EB8, EB12, Eb14, Eb22) and 6 colchicine mutants 

(Cb11, Cb19, CB2, CB16, CB7, Cb9) performed better in yield than the other 

genotypes including the controls in HTW. With tuber attachment to plant on 

harvest, the black-type tiger nuts, especially, the EMS black mutants were 

resilient to detachment. This might be due to the presence of developed 

thickened runners not easily prone to tear when tubers are pulled. On nutritional 

composition, the tubers of many mutants were richer in carbohydrates, 

phosphorous, and potassium than the controls. The combined proximate and 
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mineral analysis generated a dendrogram of 9 clusters for 13 selected mutants 

across 12 nutrient elements showing wide variability of the genotypes with 

nutrient composition. An analogous trend was noted in the hierarchical cluster 

grouping of the mutants, where 9 clusters were identified for all 25 genotypes 

across 20 morpho-descriptors. The existence of significant diversity, both 

within and among the mutants and controls, suggests a substantial genetic 

variation in the genotypes. These are a valuable resource for inclusion in the 

breeding and selecting of tiger nuts for improvemennt of the crop and release of 

new varieties. 

Recommendation  

From the research, the following recommendations are made: 

1. Molecular analysis should be conducted to examine the extent of genetic 

alterations that might have occurred with the chemical mutagenesis.  

2. Multi- location trials must be carried out to determine the interaction of 

the genotypes of hypothetical mutants with different environments and 

for a varietal release. 

3. Consumer preference tests should be conducted to find out the 

acceptability of the mutants generated. 

4. The colchicine mutants should be examined for the occurrence of 

polyploidy.  

5. Physical mutagenesis using gamma irradiations should be carried out to 

complement the findings of the current research.  

  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



148 
 

REFERENCES 

Abad, P., Pascual, B., Maroto, J. V, López-Galarza, S., Vicente, M. J., & Alagarda, 

J. (1998). RAPD analysis of cultivated and wild yellow nutsedge (Cyperus 

esculentus L.). Weed Science, 46(3), 318–321. 

AbdelKader, H. H., Ibrahim, F. R., Ahmed, M. A., & El-Ghadban, E. A. (2017). 

Effect of Some Soil Additives and Mineral Nitrogen Fertilizer at Different 

Rates on Vegetative Growth, Tuber Yield and Fixed Oil of Tiger Nut 

(Cyperus esculentus L.) Plants. Journal of Plant Production, 8(1), 39–48. 

Abdou, R. (2014). Caractérisation de la diversité génétique de cultivars d’oignon 

(Allium cepa L.) du Niger en vue de leur conservation in situ et de leur 

amélioration. Master’s Thesis, Université de Liège-Gembloux Agro-Bio Tech, 

Gembloux. 

Acevedo-Rodríguez, P., & Strong, M. T. (2012). Catalogue of seed plants of the 

West Indies. 

Achoribo, E. S., & Ong, M. T. (2017). Tiger nut (Cyperus esculentus): Source of 

natural anticancer drug? Brief review of existing literature. 

EuroMediterranean Biomedical Journal, 12(19), 91–94. 

https://doi.org/10.3269/1970-5492.2017.12.19 

Acquaah, G. (2009). Principles of plant genetics and breeding. John Wiley & 

Sons. 

Acquaah, G. (2015). Conventional plant breeding principles and techniques. 

Advances in Plant Breeding Strategies: Breeding, Biotechnology and 

Molecular Tools, 115–158. 

Adgidzi, E. A., Ingbian, E. K., & Abu, J. O. (2011). Effects of hot water and steam 

blanching on the quality of aqueous extract from tigernuts (Cyperus 

esculentus). Product Agric. Tech, 7(1), 90–102. 

Adhikari, S., Saha, S., Biswas, A., Rana, T. S., Bandyopadhyay, T. K., & Ghosh, 

P. (2017). Application of molecular markers in plant genome analysis: a 

review. The Nucleus, 60, 283–297. 

Adjahossou, V. N., Gbemavo, D. S. J. C., Abidja, S., Laly, J., Gbaguidi, A. A., & 

Anagonou, A. D. (2021). Folk classification and traditional uses of cyperus 

esculentus, a neglected and underutilized species in benin. Biodiversitas, 

22(7), 2972–2979. https://doi.org/10.13057/biodiv/d220750 

Adu, M. O., Asare, P. A., Asare-Bediako, E., Amenorpe, G., Ackah, F. K., Afutu, 

E., Amoah, M. N., & Yawson, D. O. (2018). Characterising shoot and root 

system trait variability and contribution to genotypic variability in juvenile 

cassava (Manihot esculenta Crantz) plants. Heliyon, 4(6). 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



149 
 

Ahloowalia, B. S., Maluszynski, M., & Nichterlein, K. (2004). Global impact of 

mutation-derived varieties. Euphytica, 135(2), 187–204. 

Ahmed, A. M., Tana, T., Singh, P., & Molla, A. (2016). Modeling climate change 

impact on chickpea production and adaptation options in the semi-arid 

North-Eastern Ethiopia. Journal of Agriculture and Environment for 

International Development (JAEID), 110(2), 377–395. 

Ajmone Marsan, P., Castiglioni, P., Fusari, F., Kuiper, M., & Motto, M. (1998). 

Genetic diversity and its relationship to hybrid performance in maize as 

revealed by RFLP and AFLP markers. Theoretical and Applied Genetics, 

96, 219–227. 

Akabassi, G. C., Palanga, K. K., Padonou, E. A., Dagnon, Y. D., & Tozo, K. 

(2021). A global systematic review on biology , production constraints and 

uses of Cyperus exculentus L . ( Neglected and Underutilized Crop Species 

): implications for valorization . August. 

https://doi.org/10.20944/preprints202108.0232.v1 

Akabassi, G. C., Palanga, K. K., Padonou, E. A., Dagnon, Y. D., Tozo, K., & 

Assogbadjo, A. E. (2022). Biology, production constraints and uses of 

Cyperus exculentus L. (neglected and underutilized crop species), 

implication for valorization: a review. Genetic Resources and Crop 

Evolution, 69(5), 1979–1992. https://doi.org/10.1007/s10722-022-01344-

3 

Akintunde, A., Olaoye, G., & Olakojo, S. A. (2019). Assessment of Diversity 

among Tropical and Subtropical Maize Inbreds Based on Morphological 

Traits and Carotenoid Content. Journal of Experimental Agriculture 

International, 30(4), 1–14. https://doi.org/10.9734/jeai/2019/46290 

Akoglu, H. (2018). User’s guide to correlation coefficients. Turkish Journal of 

Emergency Medicine, 18(3), 91–93. 

Al-Shaikh, M. N., Wahab, T. A., Kareem, S. H. A., & Hamoudi, S. R. (2013). 

Protective effect of chufa tubers (Cyperus esculentus) on induction of 

sperm abnormalities in mice treated with lead acetate. Int J Drug Dev Res, 

5(2), 99–102. 

Allouh, M. Z., Daradka, H. M., & Ghaida, J. H. A. (2015). Influence of Cyperus 

esculentus tubers (Tiger Nut) on male rat copulatory behavior. BMC 

Complementary and Alternative Medicine, 15, 1–7. 

Alogo, A. P., & Ogbogo, P. O. (2007). Selected properties of tiger nut starch as 

affected by physical and chemical modifications. Proceeding of the 31st 

Annual NIFST Conference, Abuja, Nigeria 22nd-25th October. 

Amiteye, S. (2021). Basic concepts and methodologies of DNA marker systems 

in plant molecular breeding. Heliyon, 7(10). 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



150 
 

Ankomah, J. (2022). Effect of microbes and sensory properties on varieties of tiger 

nut milk. University of Education, Winneba. 

Anumalla, M., Roychowdhury, R., Geda, C. K., Mazid, M., & Rathoure, A. K. 

(2015). Utilization of plant genetic resources and diversity analysis tools 

for sustainable crop improvement with special emphasis on rice. 

International Journal of Advanced Research, 3(3), 1155–1175. 

Appleby, N., Edwards, D., & Batley, J. (2009). New technologies for ultra-high 

throughput genotyping in plants. Plant Genomics: Methods and Protocols, 

19–39. 

Aremu, M. O., Bamidele, T. O., Agere, H., Ibrahim, H., & Aremu, S. O. (2015). 

Proximate composition and amino acid profile of raw and cooked black 

variety of tiger nut (Cyperus esculentus L.) grown in northeast Nigeria. 

Journal of Biology, Agriculture and Healthcare, 5(7), 213–221. 

Arias, R. S., Molin, W. T., Ray, J. D., Peel, M. D., & Scheffler, B. E. (2011). 

Isolation and characterisation of the first microsatellite markers for 

Cyperus rotundus. Weed Research, 51(5), 451–460. 

https://doi.org/10.1111/j.1365-3180.2011.00861.x 

Ariraman, M., Gnanamurthy, S., Dhanavel, D., Bharathi, T., & Murugan, S. 

(2014). Mutagenic Effect on Seed Germination, Seedling Growth and 

Seedling Survival of Pigeon Pea (Cajanus cajan (L.) Millsp). International 

Letters of Natural Sciences, 21, 41–49. 

https://doi.org/10.18052/www.scipress.com/ilns.21.41 

Arora, N. K., & Mishra, I. (2022). Current scenario and future directions for 

sustainable development goal 2: A roadmap to zero hunger. Environmental 

Sustainability, 5(2), 129–133. 

Asante, F A, Oduro, I., Ellis, W. O., & Saalia, F. K. (2014). Effect of planting 

period and site on the chemical composition and milk acceptability of 

tigernut (Cyperus esculentus L) tubers in Ghana. 

Asante, Frank A, Ellis, W. O., Oduro, I., & Saalia, F. K. (2014). Effect of Soaking 

and Cooking Methods on Extraction of Solids and Acceptability of Tiger 

Nut (Cyperus Esculentus L) Milk. 

Asare, P. A., Kpankpari, R., Adu, M. O., Afutu, E., & Adewumi, A. S. (2020). 

Phenotypic Characterization of Tiger Nuts (Cyperus esculentus L.) from 

Major Growing Areas in Ghana. Scientific World Journal, 2020. 

https://doi.org/10.1155/2020/7232591 

Ashraf, M., Akram, N. A., Mehboob-Ur-Rahman, & Foolad, M. R. (2012). 

Marker-assisted selection in plant breeding for salinity tolerance. Methods 

in Molecular Biology (Clifton, N.J.), 913, 305–333. 

https://doi.org/10.1007/978-1-61779-986-0_21 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



151 
 

Aswini, M. S., Lenka, B., Shaniware, Y. A., Pandey, P., Dash, A. P., & Haokip, 

S. W. (2023). The Role of Genetics and Plant Breeding for Crop 

Improvement: Current Progress and Future Prospects. International 

Journal of Plant & Soil Science, 35(20), 190–202. 

Atawodi, S. E., Adejo, G. O., Olowoniyi, O. D., & Liman, M. L. (2017). 

Biological, Pharmacognostic and Phytochemical Review of Some 

Cultivated Medicinal Plants of Nigeria. Medicinal and Aromatic Plants of 

the World-Africa Volume 3, 311–344. 

Auerbach, Ch, & Robson, J. M. (1946). Tests of chemical substances for 

mutagenic action. Proceedings of the Royal Society of Edinburgh, Section 

B: Biological Sciences, 62(3), 284–291. 

Auerbach, Charlotte. (1946). XXV.—Chemically Induced Mosaicism in 

Drosophila melanogaster. Proceedings of the Royal Society of Edinburgh, 

Section B: Biological Sciences, 62(2), 211–222. 

Avery, O. T., MacLeod, С. M., & McCarty, M. (1999). 1944 Studies on the 

Chemical Nature of the Substance Inducing Transformation of 

Pneumococcal Types. Induction of Transformation by a 

Desoxyribonucleic Acid Fraction Isolated from Pneumococcus Type III. 

Microbiology: A Centenary Perspective, 116. 

Ayeni, A. O. (2022). Hoop House and Field Evaluation of Tigernut (Cyperus 

esculentus L. var. sativus Boeck) Selections in New Jersey, USA. Plants, 

11(7). https://doi.org/10.3390/plants11070897 

Azizi, M. M. F., Lau, H. Y., & Abu-Bakar, N. (2021). Integration of advanced 

technologies for plant variety and cultivar identification. Journal of 

Biosciences, 46, 1–20. 

Bado, S, Forster, B. P., & Maghuly, F. (2023). Physical and Chemicals 

Mutagenesis in Plant Breeding. In Mutation Breeding for Sustainable Food 

Production and Climate Resilience (pp. 57–97). Springer. 

Bado, Souleymane, Forster, B. P., Nielen, S., Ali, A. M., Lagoda, P. J. L., Till, B. 

J., & Laimer, M. (2015). Plant mutation breeding: current progress and 

future assessment. Plant Breeding Reviews: Volume 39, 23–88. 

Bamishaiye, E I, & Bamishaiye, O. M. (2010). Assessment of biological value of 

tiger nut ( Cyperus Esculentus ) tuber oil meal- based diet in rats. 1(4), 

274–280. 

Bamishaiye, Eunice I, & Bamishaiye, O. M. (2011). Tiger nut: as a plant, its 

derivatives and benefits. African Journal of Food, Agriculture, Nutrition 

and Development, 11(5), 5157–5170. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



152 
 

Banday, M. Z., Nissar, S., & Aga, S. S. (2022). Genetic Polymorphisms–

Classification, Structure, Detection and Function. In Genetic 

Polymorphism and Disease (pp. 1–71). CRC Press. 

Barcaccia, G., Albertini, E., Rosellini, D., Tavoletti, S., & Veronesi, F. (2000). 

Inheritance and mapping of 2 n-egg production in diploid alfalfa. Genome, 

43(3), 528–537. 

Bazine, T., & ARSLANOĞLU, F. (2020). Tiger nut (Cyperus esculentus); 

morphology, products, uses and health benefits. Black Sea Journal of 

Agriculture, 3(4), 324–328. 

Bazine, T., & Arslanoğlu, Ş. F. (2020). Tiger Nut (Cyperus Esculentus); 

Morphology, Products, Uses and Health Benefits. BSJ Agri. / Taha Bazine 

and Şahane Funda Arslanoğlu 324 Black Sea Journal of Agriculture, 3(4), 

324–328. https://dergipark.org.tr/tr/pub/bsagriculture/issue/56447/703497 

Beaumont, M. A., Ibrahim, K. M., Boursot, P., & Bruford, M. W. (1998). 

Measuring genetic distance. In Molecular Tools for Screening 

Biodiversity: Plants and Animals (pp. 315–325). Springer. 

Begna, T. (2021). Conventional Breeding Methods Widely used to Improve Self-

Pollinated Crops. International Journal of Research, 7(1), 1–16. 

Bezerra, J. J. L., Feitosa, B. F., Souto, P. C., & Pinheiro, A. A. V. (2023). Cyperus 

esculentus L.(Cyperaceae): Agronomic aspects, food applications, 

ethnomedicinal uses, biological activities, phytochemistry and toxicity. 

Biocatalysis and Agricultural Biotechnology, 102606. 

Bhandari, H. R., Bhanu, A. N., Srivastava, K., Singh, M. N., & Shreya, H. A. 

(2017). Assessment of genetic diversity in crop plants-an overview. Adv. 

Plants Agric. Res, 7(3), 279–286. 

Bisognin, D. A. (2011). Breeding vegetatively propagated horticultural crops. 

Crop Breeding and Applied Biotechnology, 11, 35–43. 

Blasco, M., Badenes, M. L., & Naval, M. del M. (2015). Colchicine-induced 

polyploidy in loquat (Eriobotrya japonica (Thunb.) Lindl.). Plant Cell, 

Tissue and Organ Culture (PCTOC), 120, 453–461. 

Bongaarts, J. (2009). Human population growth and the demographic transition. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 

364(1532), 2985–2990. 

Boopathi, N. M., & Boopathi, N. M. (2020a). Genotyping of mapping population. 

Genetic Mapping and Marker Assisted Selection: Basics, Practice and 

Benefits, 107–178. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



153 
 

Boopathi, N. M., & Boopathi, N. M. (2020b). Marker-assisted selection (MAS). 

Genetic Mapping and Marker Assisted Selection: Basics, Practice and 

Benefits, 343–388. 

Botha, A. M., & Venter, E. (2000). Molecular marker technology linked to pest 

and pathogen resistance in wheat breeding. South African Journal of 

Science, 96(5). 

Bousba, R., Baum, M., Jighy, A., Djekoune, A., Lababidi, S., Benbelkacem, A., 

Iabhilili, M., Gaboun, F., & Ykhlef, N. (2013). Association analysis of 

genotypic and phenotypic traits using SSR marker in Durum wheat. OIIRJ, 

3, 60–79. 

Brink, J. A., Woodward, B. R., & DaSilva, E. J. (1998). Plant biotechnology: A 

tool for development in Africa. Electronic Journal of Biotechnology, 1(3), 

61–76. https://doi.org/10.2225/vol1-issue3-fulltext-6 

Brown, J., & Caligari, P. (2011). An introduction to plant breeding. John Wiley & 

Sons. 

Bustamam, M., Tabien, R. E., Suwarno, A., Abalos, M. C., Kadir, T. S., Ona, I., 

Bernardo, M., Veracruz, C. M., & Leung, H. (2002). Asian rice 

biotechnology network: Improving popular cultivars through marker-

assisted backcrossing by the NARES. Poster Presented at the 

International Rice Congress, 16–20. 

Campbell, M. M., & Sederoff, R. R. (1996). Variation in lignin content and 

composition (mechanisms of control and implications for the genetic 

improvement of plants). Plant Physiology, 110(1), 3. 

Cavalli-Sforza, L. L. (1981). Genética de las poblaciones humanas. 

Chen, H., Chen, X., Tian, J., Yang, Y., Liu, Z., Hao, X., Wang, L., Wang, S., 

Liang, J., & Zhang, L. (2016). Development of gene-based SSR markers 

in rice bean (Vigna umbellata L.) based on transcriptome data. PloS One, 

11(3), e0151040. 

Cheng, C.-R., Oldach, K., Mrva, K., & Mares, D. (2014). Analysis of high pI α-

Amy-1 gene family members expressed in late maturity α-amylase in 

wheat (Triticum aestivum L.). Molecular Breeding, 33, 519–529. 

Chepkoech, E., Kinyua, M. G., Kiplagat, O., Ochuodho, J., Bado, S., Kinyua, Z., 

Kimno, S., & Chelulei, M. (2019). Assessment of the Ploidy Level 

Diversity by Chloroplast Counts in Stomatal Guard Cells of Potato 

(Solanum tuberosum L.) Mutants. Asian Journal of Research in Crop 

Science, 4(3), 1–7. 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



154 
 

Chevalier, A. (1996). The Encyclopedia of Medicinal Plants Dorling Kindersley. 

London, UK. 

Chukwuma, E. R., Obioma, N., & Christopher, O. I. (2010). The phytochemical 

composition and some biochemical effects of Nigerian tigernut (Cyperus 

esculentus L.) tuber. Pakistan Journal of Nutrition, 9(7), 709–715. 

Clarkson, P. M. (2013). Minerals: exercise performance and supplementation in 

athletes. Foods, Nutrition and Sports Performance, 113–146. 

Cobb, J. N., DeClerck, G., Greenberg, A., Clark, R., & McCouch, S. (2013). Next-

generation phenotyping: requirements and strategies for enhancing our 

understanding of genotype–phenotype relationships and its relevance to 

crop improvement. Theoretical and Applied Genetics, 126, 867–887. 

DAISIE. (2014). Delivery Alien Invasive Species Inventories for Europe. 

European Invasive Alien Species Gateway. www.europe-

aliens.org/default.do 

Darling, J. A., Galil, B. S., Carvalho, G. R., Rius, M., Viard, F., & Piraino, S. 

(2017). Recommendations for developing and applying genetic tools to 

assess and manage biological invasions in marine ecosystems. Marine 

Policy, 85, 54–64. 

De Castro, O., Gargiulo, R., Del Guacchio, E., Caputo, P., & De Luca, P. (2015). 

A molecular survey concerning the origin of Cyperus esculentus 

(Cyperaceae, Poales): Two sides of the same coin (weed vs. crop). Annals 

of Botany, 115(5), 733–745. https://doi.org/10.1093/aob/mcv001 

De Vries, F. T. (1991). Chufa (Cyperus esculentus, Cyperaceae): a weedy cultivar 

or a cultivated weed? Economic Botany, 45(1), 27–37. 

Defelice, M. S. (2002). Yellow nutsedge Cyperus esculentus L.—snack food of 

the Gods. Weed Technology, 16(4), 901–907. 

Degefa, I. (2019). Plant breeding methods: In brief for student. Int J Agric Biol, 

3(1), 156–203. 

Demšar, U., Harris, P., Brunsdon, C., Fotheringham, A. S., & McLoone, S. (2013). 

Principal component analysis on spatial data: an overview. Annals of the 

Association of American Geographers, 103(1), 106–128. 

Dingemanse, N. J., & Wolf, M. (2013). Between-individual differences in 

behavioural plasticity within populations: causes and consequences. 

Animal Behaviour, 85(5), 1031–1039. 

Diouf, M., Boureima, S., Tahir, D., & Ilhan Çağirgan, M. (2010). Gamma rays-

induced mutant spectrum and frequency in sesame. Turkish Journal of 

Field Crops, 15(1), 99–105. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



155 
 

Distefano, G., Caruso, M., La Malfa, S., Gentile, A., & Wu, S.-B. (2012). High 

resolution melting analysis is a more sensitive and effective alternative to 

gel-based platforms in analysis of SSR–an example in citrus. 

Dodet, M., Petit, R. J., & Gasquez, J. (2008). Local spread of the invasive Cyperus 

esculentus (Cyperaceae) inferred using molecular genetic markers. Weed 

Research, 48(1), 19–27. https://doi.org/10.1111/j.1365-

3180.2008.00606.x 

Donkor, E. F., Nyadanu, D., & Dapaah, H. K. (2021). Evaluation of tigernut 

accessions in Ghana for proximate and mineral composition. African Crop 

Science Journal, 29(1), 31–41. 

Donkor, E., Nyadanu, D., & Dapaah, H. (2019). Germplasm collection and 

morphological characterization of local accessions of tigernut (Cyperus 

esculentus L.) in Ghana for conservation and utilization. Journal of Plant 

Breeding and Crop Science, 11(8), 196–205. 

Drake, J. W., Charlesworth, B., Charlesworth, D., & Crow, J. F. (1998). Rates of 

spontaneous mutation. Genetics, 148(4), 1667–1686. 

Duputié, A., David, P., Debain, C., & Mckey, D. (2007). Natural hybridization 

between a clonally propagated crop, cassava (Manihot esculenta Crantz) 

and a wild relative in French Guiana. Molecular Ecology, 16(14), 3025–

3038. 

Edo, G. I., Ugbune, U., Ezekiel, G. O., Onoharigho, F. O., & Agbo, J. J. (2023). 

Cyperus esculentus (tiger nut): its application in agriculture, food, health 

and nutrition. A review. Vegetos, 1–10. 

Edo, G. I., Ugbune, U., Ezekiel, G. O., Onoharigho, F. O., & Agbo, J. J. (2024). 

Cyperus esculentus (tiger nut): its application in agriculture, food, health 

and nutrition. A review. Vegetos, 37(3), 757–766. 

Edwards, J. H. (1976). Unsolved and Unsolvable Problems in Studying the 

Genetics of Diabetes. In The Genetics of Diabetes Mellitus (pp. 26–31). 

Springer. 

El-Nashar, Y. I., & Ammar, M. H. (2016). Mutagenic influences of colchicine on 

phenological and molecular diversity of Calendula officinalis L. Genetics 

and Molecular Research, 15(2), 1–15. 

Engels, J., & Visser, L. (2003). A guide to effective management of germplasm 

collections. In Economic Botany (Vol. 59, Issue 6). 

Enoki, H., Sato, H., & Koinuma, K. (2002). SSR analysis of genetic diversity 

among maize inbred lines adapted to cold regions of Japan. Theoretical 

and Applied Genetics, 104, 1270–1277. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



156 
 

Ezeh, O., Gordon, M. H., & Niranjan, K. (2014). Tiger nut oil (Cyperus esculentus 

L.): A review of its composition and physico‐ chemical properties. 

European Journal of Lipid Science and Technology, 116(7), 783–794. 

Facciola, S. (1990). Cornucopia: a source book of edible plants (Issue BOOK). 

Kampong publications. 

Fahmy, A. G.-E.-D., Kawai, N., Yoshimura, S., Stevens, C. J., Nixon, S., Murray, 

M. A., & Fuller, D. Q. (2014). Archaeobotany of two Middle Kingdom 

cult chambers. Archaeology of African Plant Use. Walnut Creek, CA: Left 

Coast Press, Inc, 141–149. 

Fedorov, A. A. (1969). Chromosome numbers of flowering plants. VL Komarov 

Botanical Institute, Academy of Sciences of the USSR, Leningrad. 

Russian.) FedorovChromosome Numbers of Flowering Plants1969. 

Fehr, W. R. (2007). Breeding for modified fatty acid composition in soybean. Crop 

Science, 47, S-72. 

Fiorani, F., & Schurr, U. (2013). Future scenarios for plant phenotyping. Annual 

Review of Plant Biology, 64, 267–291. 

Franco, J., Crossa, J., Ribaut, J. M., Bertran, J., Warburton, M. L., & Khairallah, 

M. (2001). A method for combining molecular markers and phenotypic 

attributes for classifying plant genotypes. Theoretical and Applied 

Genetics, 103, 944–952. 

Frankham, R., Briscoe, D. A., & Ballou, J. D. (2002). Introduction to conservation 

genetics. Cambridge university press. 

Fufa, H., Baenziger, P. S., Beecher, B. S., Dweikat, I., Graybosch, R. A., & 

Eskridge, K. M. (2005). Comparison of phenotypic and molecular marker-

based classifications of hard red winter wheat cultivars. Euphytica, 145, 

133–146. 

Galván, M. Z., Aulicino, M. B., García Medina, S., & Balatti, P. A. (2001). Genetic 

diversity among Northwestern Argentinian cultivars of common bean 

(Phaseolus vulgaris L.) as revealed by RAPD markers. Genetic Resources 

and Crop Evolution, 48, 251–260. 

Gambo, A., & Da’u, A. (2014a). Tiger nut (Cyperus esculentus): composition, 

products, uses and health benefits-a review. Bayero Journal of Pure and 

Applied Sciences, 7(1), 56–61. 

Gambo, A., & Da’u, A. (2014b). Tiger Nut (Cyperus Esculentus): Composition, 

Products, Uses and Health Benefits - A Review. Bayero Journal of Pure 

and Applied Sciences, 7(1), 56. https://doi.org/10.4314/bajopas.v7i1.11 

Ghosh, D., Singha, P. S., & Sfwr, J. (2016). Biometals in health and disease: a 

review. World J Pharmaceut Res, 5(12), 390–399. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



157 
 

Girija, M., & Dhanavel, D. (2009). Mutagenic effectiveness and efficiency of 

gamma rays, ethyl methane sulphonate and their combined treatments in 

cowpea (Vigna unguiculata L. Walp). Global J. Mol. Sci, 4(2), 68–75. 

Govaerts, R. (2014). World Checklist of Lamiaceae. Richmond, London, UK: 

Royal Botanic Gardens, Kew. 

Govindaraj, M., Vetriventhan, M., & Srinivasan, M. (2015). Importance of genetic 

diversity assessment in crop plants and its recent advances: an overview of 

its analytical perspectives. Genetics Research International, 2015. 

Grattapaglia, D. (2017). Status and perspectives of genomic selection in forest tree 

breeding. Genomic Selection for Crop Improvement: New Molecular 

Breeding Strategies for Crop Improvement, 199–249. 

Greene, E. A., Codomo, C. A., Taylor, N. E., Henikoff, J. G., Till, B. J., Reynolds, 

S. H., Enns, L. C., Burtner, C., Johnson, J. E., & Odden, A. R. (2003). 

Spectrum of chemically induced mutations from a large-scale reverse-

genetic screen in Arabidopsis. Genetics, 164(2), 731–740. 

Guler, B. A., & Imamoglu, E. (2023). Molecular marker technologies in food plant 

genetic diversity studies: an overview. Foods Raw Mater, 11(2), 282–292. 

Gunasekaran, A., & Pavadai, P. (2015). Studies on induced physical and chemical 

mutagenesis in groundnut (Arachis hypogia). International Letters of 

Natural Sciences, 8. 

Gunjaca, J., Buhinicek, I., Jukic, M., Sarcevic, H., Vragolovic, A., Kozic, Z., 

Jambrovic, A., & Pejic, I. (2008). Discriminating maize inbred lines using 

molecular and DUS data. Euphytica, 161, 165–172. 

Hair Jr, J. F., Anderson, R. E., Tatham, R. L., & William, C. (1995). Black (1995), 

Multivariate data analysis with readings. New Jersy: Prentice Hall. 

Hallauer, A. R., & Miranda, J. B. (1988). Quantitative genetics in maize breeding. 

Iowa State Univ. Press, Ames. Quantitative Genetics in Maize Breeding. 

2nd Ed. Iowa State Univ. Press, Ames. 

Handley, G. (2009). Poverty and poverty reduction in Sub-Saharan Africa: An 

overview of key issues. 

Haoua, BORI, Omarou, T., Adamou, M. D. A. N. M., & Toudou, A. (2018). La 

culture de souchet (Cyperus esculentus) au Niger: Origine, atouts et 

contraintes. Journal of Animal & Plant Sciences, 37(1), 5997–6007. 

Haoua, Bori, Sani, I. S., Hamissou, Z., & Toudou, A. (2023). Study of the Genetic 

Diversity of Tiger Nut ( Cyperus esculentus ) Ecotypes of Niger Using SSR 

Markers. 11(1), 18–26. https://doi.org/10.11648/j.ijgg.20231101.13 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



158 
 

Hasan, N., Choudhary, S., Naaz, N., Sharma, N., & Laskar, R. A. (2021). Recent 

advancements in molecular marker-assisted selection and applications in 

plant breeding programmes. Journal of Genetic Engineering and 

Biotechnology, 19(1), 128. 

Henkrar, F., & UDUPA, S. (2020). Marker assisted selection in plant breeding. 

Moroccan Journal of Agricultural Sciences, 1(5). 

Hicks, G. C. (1929). Cytological studies in Cyperus, Eleocharis, Dulichium, and 

Eriophorum. Botanical Gazette, 88(2), 132–149. 

Holm, L., Pancho, J. V, Herberger, J. P., & Plucknett, D. L. (1979). A geographical 

atlas of world weeds. John Wiley and Sons. 

Horn, L. N., Ghebrehiwot, H. M., & Shimelis, H. A. (2016a). Selection of novel 

cowpea genotypes derived through gamma irradiation. Frontiers in Plant 

Science, 7, 262. 

Horn, L. N., Ghebrehiwot, H. M., & Shimelis, H. A. (2016b). Selection of novel 

cowpea genotypes derived through gamma irradiation. Frontiers in Plant 

Science, 7(MAR2016), 1–13. https://doi.org/10.3389/fpls.2016.00262 

Horn, L., & Shimelis, H. (2013). Radio-sensitivity of selected cowpea (Vigna 

unguiculata) genotypes to varying gamma irradiation doses. Scientific 

Research and Essays, 8(40), 1991–1997. 

Hotelling, H. (1933). Analysis of a complex of statistical variables with principal 

components. J. Educ. Psy., 24, 498–520. 

Hussain, A., Arshad, K., Abdullah, J., Aslam, A., Azam, A., Bilal, M., Asad, M., 

Hamza, A., & Abdullah, M. (2021). A Comprehensive Review on 

Breeding Technologies and Selection Methods of Self-pollinated and 

Cross-Pollinated Crops. Asian Journal of Biotechnology and Genetic 

Engineering, 4(3), 35–47. 

Iftikhar, R., Khaliq, I., Ijaz, M., & Rashid, M. A. R. (2012). Association analysis 

of grain yield and its components in spring wheat (Triticum aestivum L.). 

American-Eurasian Journal of Agricultural and Environmental Sciences, 

12(3), 389–392. 

Islam, M. A., Tarannum, F., Dina, A. H., Ahmed, M., Haque, M. A., Ercişli, S., 

Rasul, M. G., Simsek, D., & Hasan, M. (2024). Phenotypic and 

Biochemical Trait Improvement in Husk Tomatoes (Physalis sp.) through 

EMS-Induced Mutagenesis. Horticulturae, 10(9), 913. 

Jain, S. M. (2010). In vitro mutagenesis in banana (Musa spp.) improvement. Acta 

Horticulturae, 879(June), 605–614. 

https://doi.org/10.17660/ActaHortic.2010.879.67 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



159 
 

Jain, S M. (2002). Feeding the world with induced mutations and biotechnology. 

Proc. Int. Nuclear Conference, 1–14. 

Jain, S Mohan. (2010). Mutagenesis in crop improvement under the climate 

change. Romanian Biotechnological Letters, 15(2), 88–106. 

Jain, S Mohan, & Maluszynski, M. (2004). Induced mutations and biotechnology 

in improving crops. In In vitro application in crop improvement (pp. 187–

220). CRC Press. 

James, C. (2014). ISAAA Briefs brief 49 Global Status of Commercialized 

Biotech/GM Crops: 2014. ISAAA Briefs, no. Brief. 

Jankowicz-Cieslak, J., Mba, C., & Till, B. J. (2017). Mutagenesis for crop 

breeding and functional genomics. Biotechnologies for Plant Mutation 

Breeding: Protocols, 3–18. 

Jankowicz‐ Cieslak, J., Huynh, O. A., Brozynska, M., Nakitandwe, J., & Till, B. 

J. (2012). Induction, rapid fixation and retention of mutations in 

vegetatively propagated banana. Plant Biotechnology Journal, 10(9), 

1056–1066. 

Jiang, G.-L. (2013). Molecular markers and marker-assisted breeding in plants. 

Plant Breeding from Laboratories to Fields, 3, 45–83. 

Jing, S., Ouyang, W., Ren, Z., Xiang, H., & Ma, Z. (2013). The in vitro and in 

vivo antioxidant properties of Cyperus esculentus oil from Xinjiang, 

China. Journal of the Science of Food and Agriculture, 93(6), 1505–1509. 

Jolliffe, I. T., & Jolliffe, I. T. (1986). Generalizations and adaptations of principal 

component analysis. Principal Component Analysis, 223–234. 

Joly, S., Bryant, D., & Lockhart, P. J. (2015). Flexible methods for estimating 

genetic distances from single nucleotide polymorphisms. Methods in 

Ecology and Evolution, 6(8), 938–948. 

Jones Jr, J. B., & Case, V. W. (1990). Sampling, handling, and analyzing plant 

tissue samples. Soil Testing and Plant Analysis, 3, 389–427. 

Joshi, N., Ravindran, A., & Mahajan, V. (2011). Investigations on chemical 

mutagen sensitivity in onion (Allium cepa L.). International Journal of 

Botany, 7(3), 243–248. 

Joya-Dávila, J. G., & Gutiérrez-Miceli, F. A. (2020). Ethyl methanesulfonate as 

inductor of somaclonal variants in different crops. 

Karp, A., Edwards, K. J., Bruford, M., Funk, S., Vosman, B., Morgante, M., 

Seberg, O., Kremer, A., Boursot, P., & Arctander, P. (1997). Molecular 

technologies for biodiversity evaluation: opportunities and challenges. 

Nature Biotechnology, 15(7), 625–628. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



160 
 

Kaur, S., Panesar, P. S., Bera, M. B., & Kaur, V. (2015). Simple sequence repeat 

markers in genetic divergence and marker-assisted selection of rice 

cultivars: a review. Critical Reviews in Food Science and Nutrition, 55(1), 

41–49. 

Khadka, K., Earl, H. J., Raizada, M. N., & Navabi, A. (2020). A physio-

morphological trait-based approach for breeding drought tolerant wheat. 

Frontiers in Plant Science, 11, 715. 

Khaeim, H. M. (2013). Mass selection with an optical sorter for head scab 

resistance in soft red winter wheat. 

Khattree, R., & Naik, D. N. (2000). Multivariate data reduction and 

discrimination. SAS Institute, Cary, North Carolina. 

Khayyam Nikoyie, M., Jahantighy, R., Soloki, M., Mohammadi, R., & 

Emamjome, A. A. (2009). Study of genetic diversity of different genotypes 

of Festuca arundinacea Schreb by means of AFLP markers. J. Agric. Nat. 

Resou. Sci, 16(1-B), 351–360. 

Khursheed, S., Wani, M. R., Khan, S., & Bhat, t. a. (2021). mutagens, their types 

and mechanism of action with an emphasis on sodium azide and gamma 

radiations Aamir Raina1, 2*, Shazia Bi Ansari1. Mutagenesis, Cytotoxicity 

and Crop Improvement: Revolutionizing Food Science, 1. 

Körber, N., Bus, A., Li, J., Parkin, I. A. P., Wittkop, B., Snowdon, R. J., & Stich, 

B. (2016). Agronomic and seed quality traits dissected by genome-wide 

association mapping in Brassica napus. Frontiers in Plant Science, 7, 386. 

Korir, N. K., Han, J., Shangguan, L., Wang, C., Kayesh, E., Zhang, Y., & Fang, J. 

(2013). Plant variety and cultivar identification: advances and prospects. 

Critical Reviews in Biotechnology, 33(2), 111–125. 

Kouame, G. P. E., Yapi, P. D. Y. A., Ekissi, G. S. E., Konan, H. K., & Kouamé, 

P. L. (2022). Physical parameters and physico-chemical properties of tiger 

nut Cyperus esculentus (yellow and black varieties) harvested in 

Bondoukou (North-East, Côte d’Ivoire). GSC Biological and 

Pharmaceutical Sciences, 20(2), 57–65. 

Kumar, M., Chaudhary, V., Kumar, M., Sirohi, U., & Yadav, M. K. (2021). 

Application of conventional and mutation approaches in genetic 

improvement of tuberose (Polianthes tuberosa L.): A review on recent 

development and future perspectives. 

Kumar, P., Gupta, V. K., Misra, A. K., Modi, D. R., & Pandey, B. K. (2009). 

Potential of molecular markers in plant biotechnology. Plant Omics, 2(4), 

141–162. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



161 
 

Kumar, Rahul, Das, S. P., Choudhury, B. U., Kumar, A., Prakash, N. R., Verma, 

R., Chakraborti, M., Devi, A. G., Bhattacharjee, B., & Das, R. (2024). 

Advances in genomic tools for plant breeding: harnessing DNA molecular 

markers, genomic selection, and genome editing. Biological Research, 

57(1), 80. 

Kumar, Ravindra, Jha, K. K., Sengupta, S., Misra, S., Mahto, C. S., Chakravarty, 

M. K., Saha, D. P., Narayan, S. C., & Yadav, M. (2019). Effect of 

colchicine treatment on plant growth and floral behaviour in cape 

gooseberry (Physalis peruviana L.). Journal of Pharmacognosy and 

Phytochemistry, 8(5), 405–411. 

Kumar, S., Dubey, R. S., Tripathi, R. D., Chakrabarty, D., & Trivedi, P. K. (2015). 

Omics and biotechnology of arsenic stress and detoxification in plants: 

current updates and prospective. Environment International, 74, 221–230. 

Kumari, P. (2024). Effect of ems and colchicine treated seeds on plant growth and 

flowering in marigold. Dr Yashwant Singh Parmar University of 

Horticulture and Forestry. 

Lam, D. (2024). The Next 2 Billion: Can the World Support 10 Billion People? 

Population and Development Review. 

Lamichhane, S., & Thapa, S. (2022). Advances from conventional to modern plant 

breeding methodologies. Plant Breeding and Biotechnology, 10(1), 1–14. 

Larridon, I., Bauters, K., Reynders, M., Huygh, W., Muasya, A. M., Simpson, D. 

A., & Goetghebeur, P. (2013). Towards a new classification of the giant 

paraphyletic genus Cyperus (Cyperaceae): phylogenetic relationships and 

generic delimitation in C4 Cyperus. Botanical Journal of the Linnean 

Society, 172(1), 106–126. 

Laurentin, H. (2009). Data analysis for molecular characterization of plant genetic 

resources. Genetic Resources and Crop Evolution, 56, 277–292. 

Leitão, J. M. (2012). Chemical mutagenesis. In Plant mutation breeding and 

biotechnology (pp. 135–158). CABI Wallingford UK. 

Li, C., Liu, J., Wei, Z., Cheng, Y., Shen, Z., Xin, Z., Huang, Y., Wang, H., Li, Y., 

& Mu, Z. (2023). Exogenous melatonin enhances the tolerance of tiger nut 

(Cyperus esculentus L.) via DNA damage repair pathway under heavy 

metal stress (Cd2+) at the sprout stage. Ecotoxicology and Environmental 

Safety, 265, 115519. 

Liliane, T. N., & Charles, M. S. (2020). Factors affecting yield of crops. 

Agronomy-Climate Change & Food Security, 9. 

Lin, C. S., Binns, M. R., & Janick, J. (2010). Concepts and methods for analyzing 

regional trial data for cultivar and location selection. Plant Breed Rev, 12, 

271–297. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



162 
 

Lin, M. S. (1991). Genetic base of japonica rice varieties released in Taiwan. 

Euphytica, 56, 43–46. 

Lindsay, S. (2002). A tutorial on Principal Components Analysis. February 26. 

Unpublished. TZ, 1–4244. 

Litt, M., & Luty, J. A. (1989). A hypervariable microsatellite revealed by in vitro 

amplification of a dinucleotide repeat within the cardiac muscle actin gene. 

American Journal of Human Genetics, 44(3), 397. 

Liu, G., Li, Z., & Bao, M. (2007). Colchicine-induced chromosome doubling in 

Platanus acerifolia and its effect on plant morphology. Euphytica, 157, 

145–154. 

Longo, G., Montévil, M., Sonnenschein, C., & Soto, A. M. (2015). In search of 

principles for a theory of organisms. Journal of Biosciences, 40, 955–968. 

Maduka, N., & S. Ire, F. (2018). Tigernut Plant and Useful Application of Tigernut 

Tubers (Cyperus esculentus) - A Review. Current Journal of Applied 

Science and Technology, 29(3), 1–23. 

https://doi.org/10.9734/cjast/2018/43551 

Makinde, S. C. O., & Ariyo, O. J. (2013). Genetic Divergence, Character 

Correlations and Heritability Study in 22 (Arachis hypogaea L.) 

Accessions of Groundnut. Journal of Plant Studies; Vol, 2(1). 

Malécot, G. (1948). Les mathématiques de l’hérédité. (No Title). 

Maluszynski, M. (2001). Officially released mutant varieties-the FAO/IAEA 

Database. Plant Cell, Tissue and Organ Culture, 65(3), 175–177. 

Manek, R. V, Builders, P. F., Kolling, W. M., Emeje, M., & Kunle, O. O. (2012). 

Physicochemical and binder properties of starch obtained from Cyperus 

esculentus. Aaps Pharmscitech, 13, 379–388. 

Manzoor, A., Ahmad, T., Bashir, M. A., Hafiz, I. A., & Silvestri, C. (2019). 

Studies on colchicine induced chromosome doubling for enhancement of 

quality traits in ornamental plants. Plants, 8(7), 194. 

Mba, C. (2013). Induced mutations unleash the potentials of plant genetic 

resources for food and agriculture. Agronomy, 3(1), 200–231. 

Mba, C., Afza, R., Bado, S., & Jain, S. M. (2010). Induced mutagenesis in plants 

using physical and chemical agents. Plant Cell Culture: Essential 

Methods, 20, 111–130. 

Mba, C., Afza, R., Jain, S. M., Gregorio, G. B., & Zapata-Arias, F. J. (2007). 

Induced mutations for enhancing salinity tolerance in rice. Advances in 

Molecular Breeding toward Drought and Salt Tolerant Crops, 413–454. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



163 
 

McGregor, C. E., Lambert, C. A., Greyling, M. M., Louw, J. H., & Warnich, L. 

(2000). A comparative assessment of DNA fingerprinting techniques 

(RAPD, ISSR, AFLP and SSR) in tetraploid potato (Solanum tuberosum 

L.) germplasm. Euphytica, 113(2), 135–144. 

https://doi.org/10.1023/A:1003925620546 

Messmer, M. M., Melchinger, A. E., Herrmann, R. G., & Boppenmaier, J. (1993). 

Relationships among early European maize inbreds: II. Comparison of 

pedigree and RFLP data. Crop Science, 33(5), 944–950. 

Micke, A., & Donini, B. (1993). Induced mutations. In Plant breeding: Principles 

and prospects (pp. 52–62). Springer. 

Microbiology, D., College, D. S., Microbiology, D., College, D. S., Tech, M., 

Malashree, L., Prabha, R., Ramachandra, B., & Sushmitha, P. (2021). 

International Research Journal of Modernization in Engineering 

Technology and Science “ Tiger nuts ( Cyperus esculentus ) ” – Palieo but 

today ’ s super food professor , Department of Dairy Microbiology , Dairy 

Science College , KVAFSU , International Res. 01, 1172–1178. 

Mir, A. S., Maria, M., Muhammad, S., & Ali, S. M. (2020). Potential of mutation 

breeding to sustain food security. Genetic Variation, 1–15. 

Mishra, S. P., Sarkar, U., Taraphder, S., Datta, S., Swain, D., Saikhom, R., Panda, 

S., & Laishram, M. (2017). Multivariate statistical data analysis-principal 

component analysis (PCA). International Journal of Livestock Research, 

7(5), 60–78. 

Mohajan, H. K. (2022). Food insecurity and malnutrition of Africa: A combined 

attempt can reduce them. Journal of Economic Development, Environment 

and People, 11(1), 24–34. 

Mohammadi, S. A., & Prasanna, B. M. (2003). Analysis of genetic diversity in 

crop plants—salient statistical tools and considerations. Crop Science, 

43(4), 1235–1248. 

Mohan Jain, S., & Suprasanna, P. (2011). Induced mutations for enhancing 

nutrition and food production. Gene Conserve, 10(41). 

Mohdaly, A. A. R. A. A. (2019). Tiger nut (Cyperus esculentus L.) oil. Fruit Oils: 

Chemistry and Functionality, 243–269. 

Mokady, S. H., & Dolev, A. (1970). Nutritional evaluation of tubers of Cyperus 

esculentus L. Journal of the Science of Food and Agriculture, 21(4), 211–

214. 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



164 
 

Molin, D., Coelho, C. J., Máximo, D. S., Ferreira, F. S., Gardingo, J. R., & 

Matiello, R. R. (2013). Genetic diversity in the germplasm of tropical 

maize landraces determined using molecular markers. Genetics and 

Molecular Research, 12(1), 99–114. 

https://doi.org/10.4238/2013.January.22.8 

Motsara, M. R., & Roy, R. N. (2008). Guide to laboratory establishment for plant 

nutrient analysis,Food and Agriculture Organization of United Nations 

Rome, 2008. In Fao Fertilizer and Plant Nutrition Bulletin 19. 

Mu, Z., Wei, Z., Liu, J., Cheng, Y., Song, Y., Yao, H., Yuan, X., Wang, S., Gu, 

Y., & Zhong, J. (2022). RNA-Seq analysis demonstrates different 

strategies employed by tiger nuts (Cyperus esculentus L.) in response to 

drought stress. Life, 12(7), 1051. 

Mukhopadhyay, T., & Bhattacharjee, S. (2016). Genetic Diversity: Importance 

and Measurements. Conserving Biological Diversity: A Multiscaled 

Approach. Research India Publications, New Delhi, 251–295. 

Nadeem, M. A., Nawaz, M. A., Shahid, M. Q., Doğan, Y., Comertpay, G., Yıldız, 

M., Hatipoğlu, R., Ahmad, F., Alsaleh, A., Labhane, N., Özkan, H., 

Chung, G., & Baloch, F. S. (2018). DNA molecular markers in plant 

breeding: current status and recent advancements in genomic selection 

and genome editing. Biotechnology and Biotechnological Equipment, 

32(2), 261–285. https://doi.org/10.1080/13102818.2017.1400401 

Naeem, R. (2014). Molecular markers in plant genotyping. Journal of Bio-

Molecular Sciences, 2(3), 78–85. 

Nei, M., Tajima, F., & Tateno, Y. (1983). Accuracy of estimated phylogenetic 

trees from molecular data: II. Gene frequency data. Journal of Molecular 

Evolution, 19, 153–170. 

Nikita, E., & Nikitas, P. (2024). Algorithms for biodistance analysis based on 

various squared Euclidean and generalized Mahalanobis distances 

combined with probabilistic hierarchical cluster analysis and 

multidimensional scaling. Archaeological and Anthropological Sciences, 

16(12), 195. 

Novak, F. J., & Brunner, H. (1992). Plant breeding: Induced mutation technology 

for crop improvement. IAEA Bull, 4, 25–33. 

Novor, S., & Donkor, E. F. (2024). Harnessing the potential of tiger nut (Cyperus 

esculentus L.) for food and nutritional security, good health, and economic 

development of Ghana or Africa. A review. Australian Journal of Crop 

Science, 18(7), 416–424. 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



165 
 

Nura, S., Adamu, A. K., Mu’Azu, S., & Dangora, D. B. (2011). Chemical 

mutagenesis for improved quality traits in jute (Corchorus olitorious L.). 

Continental Journal of Biological Sciences, 4(2), 22–27. 

http://www.wiloludjournal.com/ojs/index.php/cjBiosci/article/view/393/p

df_98%0Ahttps://www.cabdirect.org/cabdirect/abstract/20123299339 

Nwaoguikpe, R. N. (2010). The phytochemical, proximate and amino acid 

compositions of the extracts of two varieties of tiger nut (Cyperus 

esculentus) and their effects on sickle cell hemoglobin polymerization. J. 

Med. Med. Sci, 1(11), 543–549. 

Nybom, H., & Lācis, G. (2021). Recent large-scale genotyping and phenotyping 

of plant genetic resources of vegetatively propagated crops. Plants, 10(2), 

415. 

Oderinde, R. A., & Tairu, O. A. (1988). Evaluation of the properties of yellow 

nutsedge (Cyperus esculentus) tuber oil. Food Chemistry, 28(3), 233–237. 

Odubo, T. C., Izah, S. C., & Ogwu, M. C. (2024). Mycological Safety in Tiger Nut 

(Cyperus esculentus L.) Drinks: Cultivation, Contaminants, and 

Compliance Strategies. In Food Safety and Quality in the Global South 

(pp. 463–487). Springer. 

Okoli, C. A. N., Shilling, D. G., Smith, R. L., & Bewick, T. A. (1997). Genetic 

Diversity in Purple Nutsedge (Cyperus rotundusL.) and Yellow Nutsedge 

(Cyperus esculentusL.). Biological Control, 8(2), 111–118. 

Oladele, A. K., & Aina, J. O. (2007). Chemical composition and functional 

properties of flour produced from two varieties of tigernut (Cyperus 

esculentus). African Journal of Biotechnology, 6(21). 

Oladosu, Y., Rafii, M. Y., Abdullah, N., Hussin, G., Ramli, A., Rahim, H. A., 

Miah, G., & Usman, M. (2016). Principle and application of plant 

mutagenesis in crop improvement: a review. Biotechnology & 

Biotechnological Equipment, 30(1), 1–16. 

Olagunju, A. I., & Oyewumi, D. M. (2019). Physicochemical properties and 

antioxidant activity of novel plant milk beverage developed from extracts 

of tiger nut, cashew nut and coconut. Applied Tropical Agriculture, 24(1), 

170–176. 

Olsen, K. M., & Wendel, J. F. (2013). A bountiful harvest: genomic insights into 

crop domestication phenotypes. Annual Review of Plant Biology, 64, 47–

70. 

Opoku Gyamfi, M., Eleblu, J. S. Y., Sarfoa, L. G., Asante, I. K., Opoku-

Agyemang, F., & Danquah, E. Y. (2022). Induced variations of ethyl 

methane sulfonate mutagenized cowpea (Vigna unguiculata L. walp) 

plants. Frontiers in Plant Science, 13, 952247. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



166 
 

Osawaru, M. E., Ogwu, M. C., & Aiwansoba, R. O. (2015). Hierarchical 

approaches to the analysis of genetic diversity in plants: a systematic 

overview. University of Mauritius Research Journal, 21. 

Oyedele, O. A., Oladipo, I. O., & Adebayo, A. O. (2015). Investigation into edible 

and non-edible oil potentials of tigernut (Cyperus esculentus) grown in 

Nigeria. Global J. Engin. Design Tech, 4(4), 20–24. 

Pagnotta, M. A., Mondini, L., Codianni, P., & Fares, C. (2009). Agronomical, 

quality, and molecular characterization of twenty Italian emmer wheat 

(Triticum dicoccon) accessions. Genetic Resources and Crop Evolution, 

56, 299–310. 

Panchariya, D. C., Dutta, P., Ananya, Mishra, A., Chawade, A., Nayee, N., Azam, 

S., Gandham, R. K., Majumdar, S., & Kushwaha, S. K. (2024). Genetic 

marker: a genome mapping tool to decode genetic diversity of livestock 

animals. Frontiers in Genetics, 15, 1463474. 

Panchen, A. L. (1992). Classification, evolution, and the nature of biology. 

Cambridge University Press. 

Park, Y. J., Lee, J. K., & Kim, N. S. (2009). Simple sequence repeat 

polymorphisms (SSRPs) for evaluation of molecular diversity and 

germplasm classification of minor crops. Molecules, 14(11), 4546–4569. 

https://doi.org/10.3390/molecules14114546 

Pascual, B., Maroto, J. V., López-Galarza, S., Sanbautista, A., & Alagarda, J. 

(2000). Chufa (Cyperus esculentus L. var. sativus Boeck.): an 

unconventional crop. Studies related to applications and cultivation. 

Economic Botany, 54(4), 439–448. 

Pearson, K. (1901). LIII. On lines and planes of closest fit to systems of points in 

space. The London, Edinburgh, and Dublin Philosophical Magazine and 

Journal of Science, 2(11), 559–572. 

Pejic, I., Ajmone-Marsan, P., Morgante, M., Kozumplick, V., Castiglioni, P., 

Taramino, G., & Motto, M. (1998). Comparative analysis of genetic 

similarity among maize inbred lines detected by RFLPs, RAPDs, SSRs, 

and AFLPs. Theoretical and Applied Genetics, 97, 1248–1255. 

Penna, S., Shirani Bidabadi, S., & Jain, S. M. (2023). Mutation Breeding to 

Promote Sustainable Agriculture and Food Security in the Era of Climate 

Change. In Mutation Breeding for Sustainable Food Production and 

Climate Resilience (pp. 1–23). Springer. 

Persley, G. J. (1992). Beyond Mendel’s Garden: Biotechnology in Agriculture. 

Biotechnology: Enhancing Research on Tropical Crops in Africa. 

Poehlman, J. M. (1987). Variations in chromosome number. In Breeding Field 

Crops (pp. 87–108). Springer. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



167 
 

Pohl, H. R., Wheeler, J. S., & Murray, H. E. (2013). Sodium and potassium in 

health and disease. Interrelations between Essential Metal Ions and 

Human Diseases, 29–47. 

Powell, W., Morgante, M., Andre, C., Hanafey, M., Vogel, J., Tingey, S., & 

Rafalski, A. (1996). The comparison of RFLP, RAPD, AFLP and SSR 

(microsatellite) markers for germplasm analysis. Molecular Breeding, 

2(3), 225–238. 

Qi, J., Pei, M., Kan, Z., & Meng, H. (2022). Parameter optimization and testing of 

a conveying and soil-removing device for tiger nut (Cyperus esculentus) 

mechanical harvesting. Processes, 11(1), 67. 

Qu, Z., Han, M., Lv, Y., Zhou, Z., Lv, Z., Wang, W., & He, X. (2023). Design and 

test of a crawler-type tiger-nut combine harvester. Agriculture, 13(2), 277. 

Ramanathan, l. I. (1979). normal, heterozygous, and recessive chickens’liver 

antigens immunologically analogous to riboflavin-binding protein. The 

Pennsylvania State University. 

Ramesh, P., Mallikarjuna, G., Sameena, S., Kumar, A., Gurulakshmi, K., Reddy, 

B. V., Reddy, P. C. O., & Sekhar, A. C. (2020). Advancements in 

molecular marker technologies and their applications in diversity studies. 

Journal of Biosciences, 45, 1–15. 

Rangaswamy, M. (1973). Induced mutagenesis in gingella (Sesamum indicum L.) 

Treated with gamma rays and EMS. M. Sc.(Agri.) Thesis, Tamil Nadu 

Agricultural University, Coimbatore. 

Rebezov, M., Usman Khan, M., Bouyahya, A., Imran, M., Tufail, T., Loretts, O., 

Neverova, O., Artyukhova, S., Kuznetsova, E., & Ermolaev, V. (2021). 

Nutritional and technical aspect of tiger nut and its micro-constituents: an 

overview. Food Reviews International, 1–21. 

Roalson, E. H. (2008). A synopsis of chromosome number variation in the 

Cyperaceae. The Botanical Review, 74, 209–393. 

Rogers, J. S. (1986). Deriving phylogenetic trees from allele frequencies: a 

comparison of nine genetic distances. Systematic Biology, 35(3), 297–310. 

Roselló-Soto, E., Garcia, C., Fessard, A., Barba, F. J., Munekata, P. E. S., Lorenzo, 

J. M., & Remize, F. (2018). Nutritional and microbiological quality of tiger 

nut tubers (Cyperus esculentus), derived plant-based and lactic fermented 

beverages. Fermentation, 5(1), 3. 

Roy, A., Sen, S., Bhattacharyya, P. K., Nath, R., & Bhattacharyya, S. (2019). 

Determination of effective dose of gamma irradiation for lentil seed 

mutagenesis. International Journal of Chemical Studies, 7, 154–156. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



168 
 

Roychowdhury, R., & Tah, J. (2013). Mutagenesis—A potential approach for crop 

improvement. Crop Improvement: New Approaches and Modern 

Techniques, 149–187. 

Sabah, M. S., Shaker, M. A., Abbas, M. S., & Moursy, F. I. (2019). Nutritional 

value of tiger nut (Cyperus esculentus L.) tubers and its products. J Biol 

Chem Environ Sci, 14(1), 301–318. 

Saidou, S. I., Bakasso, Y., Inoussa, M. M., Zaman-Allah, M., Atta, S., Barnaud, 

A., Billot, C., & Saadou, M. (2014). Diversité agro-morphologique des 

accessions de fonio [Digitaria exilis (Kippist.) Stapf.] au Niger. 

International Journal of Biological and Chemical Sciences, 8(4), 1710–

1729. 

Sakatai, D. P., Bouba, A. A., Bassala, J. P. O., Balna, J., Palou, O., & Bourou, S. 

(2020). Valorisation de quatre accessions de souchets (Cyperus esculentus 

L.): une bonne option de diversification de culture pour les producteurs de 

la localité de danay-vokgora (Mayo-danay) en zone soudano-sahélienne du 

Cameroun. International Journal of Biological and Chemical Sciences, 

14(6), 2277–2293. 

Sánchez‐ Zapata, E., Fernández‐ López, J., & Angel Pérez‐ Alvarez, J. (2012). 

Tiger nut (Cyperus esculentus) commercialization: health aspects, 

composition, properties, and food applications. Comprehensive Reviews in 

Food Science and Food Safety, 11(4), 366–377. 

Sanful, R. E. (2009). The use of tiger-nut (Cyperus esculentus), cow milk and their 

composite as substrates for yoghurt production. Pakistan Journal of 

Nutrition, 8(6), 755–758. 

Saranya, S., & Poonguzhali, S. (2024). Principal component analysis biplot 

visualization of electromyogram features for submaximal muscle strength 

grading. Computers in Biology and Medicine, 182, 109142. 

Sattler, M. C., Carvalho, C. R., & Clarindo, W. R. (2016). The polyploidy and its 

key role in plant breeding. Planta, 243, 281–296. 

Schippers, P., Ter Borg, S. J., & Bos, J. J. (1995). A revision of the infraspecific 

taxonomy of Cyperus esculentus (yellow nutsedge) with an experimentally 

evaluated character set. Systematic Botany, 461–481. 

Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation coefficients: 

appropriate use and interpretation. Anesthesia & Analgesia, 126(5), 1763–

1768. 

Scowcroft, W. R. (1977). Prospects for crop improvement through plant tissue 

culture. In Genetic diversity in plants (pp. 417–430). Springer. 

Seehausen, O. (2004). Hybridization and adaptive radiation. Trends in Ecology & 

Evolution, 19(4), 198–207. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



169 
 

Senior, M L, Murphy, J. P., Goodman, M. M., & Stuber, C. W. (1998). Utility of 

SSRs for determining genetic similarities an relationships in maize using 

an agarose gel system. Crop Science, 38(4), 1088–1098. 

Senior, M Lynn, & Heun, M. (1993). Mapping maize microsatellites and 

polymerase chain reaction confirmation of the targeted repeats using a CT 

primer. Genome, 36(5), 884–889. 

Sharma, A, Namdeo, A., & Mahadik, K. (2008). Molecular markers: New 

prospects in plant genome analysis. Pharmacognosy Reviews, 2(3), 23. 

Sharma, Akhilesh, Sharma, S., Kumar, N., Rana, R. S., Sharma, P., Kumar, P., & 

Rani, M. (2022). Morpho-molecular genetic diversity and population 

structure analysis in garden pea (Pisum sativum L.) genotypes using simple 

sequence repeat markers. PLoS One, 17(9), e0273499. 

Shilenko, M. P., Kalacheva, G. S., Lisovskiĭ, G. M., & Trubachev, I. N. (1979). 

Chufa (Cyperus esculentus) as a source of vegetable fats in a sealed life-

support system. Kosmicheskaia Biologiia i Aviakosmicheskaia Meditsina, 

13(5), 70–74. 

Shin, J.-M., Kim, B.-K., Seo, S.-G., Jeon, S. B., Kim, J.-S., Jun, B., Kang, S.-Y., 

Lee, J.-S., Chung, M.-N., & Kim, S.-H. (2011). Mutation breeding of sweet 

potato by gamma-ray radiation. African Journal of Agricultural Research, 

6(6), 1447–1454. 

Sidorenko, G., Brilly, M., Laptev, B., Gorlenko, N., Antoshkin, L., Vidmar, A., & 

Kryžanowski, A. (2024). Using Methods to Assess the Structure of Water 

and Water-Containing Systems to Improve the Properties of Living and 

Non-Living Systems. Water, 16(10), 1381. 

Sikdar, B., Bhattacharya, M., Mukherjee, A., Banerjee, A., Ghosh, E., Ghosh, B., 

& Roy, S. C. (2010). Genetic diversity in important members of 

Cucurbitaceae using isozyme, RAPD and ISSR markers. Biologia 

Plantarum, 54(1), 135–140. 

Singh, A. K., & Singh, R. M. (2007). Gamma rays and EMS induced chlorophyll 

mutations in mungbean (Vigna radiata L. Wilczek). Indian J. Crop 

Science, 2(2), 355–359. 

Singh, H. P., Raigar, O. P., & Chahota, R. K. (2022). Estimation of genetic 

diversity and its exploitation in plant breeding. The Botanical Review, 

88(3), 413–435. 

Singh, K., Awasthi, O. P., Singh, A., Sharma, V. K., Dubey, A. K., & Sisodia, L. 

S. (2020). Effect of colchicine on plant growth and leaf nutrient acquisition 

of sweet orange ( Citrus sinensis ( L .) Osbeck ) cv . Mosambi. 8(3), 211–

215. 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



170 
 

Singh, S. P., Gutierrez, J. A., Molina, A., Urrea, C., & Gepts, P. (1991). Genetic 

diversity in cultivated common bean: II. Marker‐ based analysis of 

morphological and agronomic traits. Crop Science, 31(1), 23–29. 

Siregar, M., Siregar, L. A. M., & Hanum, C. (2022). Induction of mutation with 

colchicine in Olimpus potato by in vitro culture. IOP Conference Series: 

Earth and Environmental Science, 977(1), 12020. 

Smith, J. S. C., & Smith, O. S. (1989). The description and assessment of distances 

between inbred lines of maize. II: The utility of morphological 

biochemical, and genetic descriptors and a scheme for the testing of 

distinctiveness between inbred lines. Maydica, 34(2), 151–161. 

Smith, J., Smith, O., & Lamkey, K. (2005). Maize breeding. 

Sneath, P. H. A., & Sokal, R. R. (1973). Numerical Taxonomy Freeman. The 

Principles and Practice of Numerical Classification. Freeman, San 

Francisco. Medical Research Council Microbial Systematics Unit …. 

Somalraju, A., Ghose, K., Main, D., Bizimungu, B., & Fofana, B. (2018). 

Development of pre-breeding diploid potato germplasm displaying wide 

phenotypic variations as induced by ethyl methane sulfonate mutagenesis. 

Canadian Journal of Plant Science, 99(2), 138–151. 

Spencer-Lopes, M. M., Forster, B. P., & Jankuloski, L. (2018). FAO/IAEA manual 

on mutation breeding–third edition. Food and Agriculture Organization of 

the United Nations, Rome. ISBN 978-92-5-130526-3. 

Spencer-Lopes, M. M., Jankuloski, L., Ghanim, M. A., Matijevic, M., & Kodym, 

A. (2018). Physical Mutagenesis. In Manual on Mutation Breeding. 

Stadler, L. J. (1928). Genetic effects of X-rays in maize. Proceedings of the 

National Academy of Sciences of the United States of America, 14(1), 69. 

Stoller, E. W., & Sweet, R. D. (1987). Biology and life cycle of purple and yellow 

nutsedges (Cyperus rotundus and C. esculentus). Weed Technology, 1(1), 

66–73. 

Swingland, I. R. (2001). Biodiversity, definition of. Encyclopedia of Biodiversity, 

1, 377–391. 

Szarejko, I., Szurman-Zubrzycka, M., Nawrot, M., Marzec, M., Gruszka, D., 

Kurowska, M., Chmielewska, B., Zbieszczyk, J., Jelonek, J., & 

Maluszynski, M. (2017). Creation of a TILLING population in barley after 

chemical mutagenesis with sodium azide and MNU. Biotechnologies for 

Plant Mutation Breeding: Protocols, 91–111. 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



171 
 

Taheri, S., Lee Abdullah, T., Yusop, M. R., Hanafi, M. M., Sahebi, M., Azizi, P., 

& Shamshiri, R. R. (2018). Mining and development of novel SSR markers 

using next generation sequencing (NGS) data in plants. Molecules, 23(2), 

399. 

Taji, A., Kumar, P., & Lakshmanan, P. (2024). In vitro plant breeding. CRC Press. 

Tambe, A. B., & Apparao, B. J. (2009). Gamma ray induced mutations in soybean 

[Glycine max (L.) Merill] for yield contributing traits. Induced Plant 

Mutations in the Genomics Era. Joint FAO/IAEA Programme, Vienna, 

Austria, 95–96. 

Templeton, A. R. (2013). Biological races in humans. Studies in History and 

Philosophy of Science Part C: Studies in History and Philosophy of 

Biological and Biomedical Sciences, 44(3), 262–271. 

Ter Borg, S. J., & Schippers, P. (1992). Distribution of varieties of Cyperus 

esculentus L.(Yellow nutsedge) and their possible migration in Europe. In 

Proc. 9ème Coll. Int. Biologie des mauvaises herbes. Dijon (pp. 417–425). 

Tetteh, J. P., & Ofori, E. (1998). A baseline survey of tiger nut (Cyperus 

esculentus) production in the Kwahu South District of Ghana. Ghana 

Journal of Agricultural Science, 31(2), 211–216. 

Thorndike, R. L. (1953). Who belongs in the family? Psychometrika, 18(4), 267–

276. 

Till, B. J., Reynolds, S. H., Greene, E. A., Codomo, C. A., Enns, L. C., Johnson, 

J. E., Burtner, C., Odden, A. R., Young, K., & Taylor, N. E. (2003). Large-

scale discovery of induced point mutations with high-throughput 

TILLING. Genome Research, 13(3), 524–530. 

Tridge. (2022). https://www.tridge.com>intelligences>tiger-nut. 

Tridge. (2023). https://www.tridge.com>intelligences>tiger-nut. 

Tsegaye, B., & Berg, T. (2007). Genetic erosion of Ethiopian tetraploid wheat 

landraces in Eastern Shewa, Central Ethiopia. Genetic Resources and Crop 

Evolution, 54, 715–726. 

Twumasi, P., Asare, P. A., Afutu, E., Amenorpe, G., & Addy, S. N. T. T. (2023). 

Chemosensitivity analysis of tiger nuts (Cyperus esculentus L.) using ethyl 

methanesulfonate (EMS) and colchicine mutagens. Heliyon. 

Udeozor, L. O., & Awonorin, S. O. (2014). Comparative microbial analysis and 

storage of tiger nut soy milk extract. Austin Journal of Nutrition and Food 

Sciences, 2(5), 1–6. 

Undal, V. S., & Ahir, M. R. (2023). The methods of molecular markers in genome 

analysis: a brief biotechnological approach. Weser Books, 149. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



172 
 

USDA-ARS. (2014). Germplasm Resources Information Network (GRIN). Oline 

Database. Beltsville, Maryland, USA: National Germplasm Resources 

Laboratory. http://npgsweb.ars-grin.gov/gringlobal/taxonomysearch.aspx 

van Harten, A. M. (1998). Mutation breeding: theory and practical applications. 

Cambridge University Press. 

Veer Singh, V., Singh, V. V, Ramkrishna, K., & Kumar Arya, R. (2006). Induced 

chemical mutagenesis in cowpea (Vigna unguiculata L. Walp). Indian J. 

Genet, 66(4), 312–315. 

https://www.researchgate.net/publication/327177933 

Vélez, M. D., & Ibáñez, J. (2012). Assessment of the uniformity and stability of 

grapevine cultivars using a set of microsatellite markers. Euphytica, 

186(2), 419–432. 

Verma, S., Chaudhary, H. K., Singh, K., Kumar, N., Dhillon, K. S., Sharma, M., 

& Sood, V. K. (2024). Genetic diversity dissection and population 

structure analysis for augmentation of bread wheat (Triticum aestivum L.) 

germplasm using morpho-molecular markers. Genetic Resources and 

Crop Evolution, 1–22. 

Viana, V. E., Pegoraro, C., Busanello, C., & Costa de Oliveira, A. (2019). 

Mutagenesis in rice: the basis for breeding a new super plant. Frontiers in 

Plant Science, 10, 1326. 

Vieira, M. L. C., Santini, L., Diniz, A. L., & Munhoz, C. de F. (2016). 

Microsatellite markers: what they mean and why they are so useful. 

Genetics and Molecular Biology, 39, 312–328. 

Walia, U. S. (2014). Weeds Identification and Medicinal Use. Scientific 

Publishers. 

Wang, L., Jing, M., Ahmad, N., Wang, Y., Wang, Y., Li, J., Li, X., Liu, W., Wang, 

N., & Wang, F. (2021). Tracing key molecular regulators of lipid 

biosynthesis in Tuber Development of Cyperus esculentus using 

transcriptomics and Lipidomics Profiling. Genes, 12(10), 1492. 

Wang, Y., Lu, J., Ren, T., Hussain, S., Guo, C., Wang, S., Cong, R., & Li, X. 

(2017). Effects of nitrogen and tiller type on grain yield and physiological 

responses in rice. AoB Plants, 9(2), plx012. 

Warburton, M. L., Xianchun, X., Crossa, J., Franco, J., Melchinger, A. E., Frisch, 

M., Bohn, M., & Hoisington, D. (2002). Genetic characterization of 

CIMMYT inbred maize lines and open pollinated populations using large 

scale fingerprinting methods. Crop Science, 42(6), 1832–1840. 

Wetzstein, H. Y., Porter, J. A., Janick, J., Ferreira, J. F. S., & Mutui, T. M. (2018). 

Selection and clonal propagation of high artemisinin genotypes of 

Artemisia annua. Frontiers in Plant Science, 9, 358. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



173 
 

Williams, J. L. (2005). The use of marker-assisted selection in animal breeding 

and biotechnology. Revue Scientifique et Technique-Office International 

Des Epizooties, 24(1), 379. 

Wills, G. D. (1987). Description of purple and yellow nutsedge (Cyperus rotundus 

and C. esculentus). Weed Technology, 1(1), 2–9. 

Wilma, A. M., & Chester, O. (1986). CHUFA (Cyperus esculentus). US Army 

Corps of Engineers Washington, DC, 20314(1000), 3–5. 

Xiao, Q., Bai, X., Zhang, C., & He, Y. (2022). Advanced high-throughput plant 

phenotyping techniques for genome-wide association studies: A review. 

Journal of Advanced Research, 35, 215–230. 

Yadav, R., Gorathoki, S., Dhakal, S., Bc, P., Shah, A., & Poudel, S. (2021). A 

review on overview role of mutation in plant breeding. Reviews in Food 

and Agriculture (RFNA), 2(1), 39–42. 

Yalindua, A., Setiawan, A., & Bintoro, H. M. H. (2014). The aplication of 

mutation induction by gamma irradiation on cultivars yam ( Dioscorea 

alata L .) from banggai islands , Indonesia of. 5(2), 46–54. 

Yan, W., Deng, X. W., Yang, C., & Tang, X. (2021). The genome-wide EMS 

mutagenesis bias correlates with sequence context and chromatin structure 

in rice. Frontiers in Plant Science, 12, 579675. 

Yang, X, Niu, L., Zhang, Y., Ren, W., Yang, C., Yang, J., Xing, G., Zhong, X., 

Zhang, J., & Slaski, J. (2022). Morpho-Agronomic and Biochemical 

Characterization of Accessions of Tiger Nut (Cyperus esculentus) Grown 

in the North Temperate Zone of China. Plants 2022, 11, 923. s Note: MDPI 

stays neutral with regard to jurisdictional claims in published …. 

Yang, Xiangdong, Niu, L., Zhang, Y., Ren, W., Yang, C., Yang, J., Xing, G., 

Zhong, X., Zhang, J., Slaski, J., & Zhang, J. (2022). Morpho-Agronomic 

and Biochemical Characterization of Accessions of Tiger Nut (Cyperus 

esculentus) Grown in the North Temperate Zone of China. Plants, 11(7), 

1–13. https://doi.org/10.3390/plants11070923 

Ye, Y., Li, X., Qian, H., Yang, S., Han, X., & Zhang, J. (2020). Effects of different 

EMS solution concentration and time treatment on morphological traits of 

Cyperus esculentus L. E3S Web of Conferences, 203. 

https://doi.org/10.1051/e3sconf/202020302006 

Zada, M., Zakir, N., Rabbani, M. A., & Shinwari, Z. K. (2013). Assessment of 

genetic variation in Ethiopian mustard (Brassica carinata A. Braun) 

germplasm using multivariate techniques. Pak. J. Bot, 45(S1), 583–593. 

Zakir, M. (2018). Mutation breeding and its application in crop improvement 

under current environmental situations for biotic and abiotic stresses. Int J 

Res Stud Agric Sci, 4(4), 1–10. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



174 
 

ZakyZayed, M., Ho, W., Pang, S., & Ahmad, F. B. (2014). EMS-induced 

mutagenesis and DNA polymorphism assessment through ISSR markers 

in Neolamarckia cadamba (kelampayan) and Leucaena leucocephala (petai 

belalang) Pelagia Research Library Pelagia Research Library. European 

Journal of Experimental Biology, 4(4), 156–163. 

Zalapa, J. E., Cuevas, H., Zhu, H., Steffan, S., Senalik, D., Zeldin, E., McCown, 

B., Harbut, R., & Simon, P. (2012). Using next‐ generation sequencing 

approaches to isolate simple sequence repeat (SSR) loci in the plant 

sciences. American Journal of Botany, 99(2), 193–208. 

Zane, L., Bargelloni, L., & Patarnello, T. (2002). Strategies for microsatellite 

isolation: a review. Molecular Ecology, 11(1), 1–16. 

Zelditch, M., Swiderski, D., & Sheets, H. D. (2012). Geometric morphometrics 

for biologists: a primer. academic press. 

Zhang, S., Fu, J., Zhang, R., Zhang, Y., & Yuan, H. (2022). Experimental study 

on the mechanical properties of friction, collision and compression of tiger 

nut tubers. Agriculture, 12(1), 65. 

Zhang, X., Chen, W., Yang, Z., Luo, C., Zhang, W., Xu, F., Ye, J., & Liao, Y. 

(2024). Genetic diversity analysis and DNA fingerprint construction of 

Zanthoxylum species based on SSR and iPBS markers. BMC Plant 

Biology, 24(1), 843. 

Zhou, Y. (2017). The application of principal component analysis in production 

forecasting. 

Zhu, M., & Ghodsi, A. (2006). Automatic dimensionality selection from the scree 

plot via the use of profile likelihood. Computational Statistics & Data 

Analysis, 51(2), 918–930. 

 

 

  

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



175 
 

APPENDICES 

Appendix A. GENETIC DIVERSITY OF TIGER NUTS (Cyperus esculentus 

L.) GROWN IN GHANA BASED ON MORPHO-DESCRIPTORS AND SSR 

MARKERS 

1. Analysis of variance: Percentage germination 

Source DF           SS           MS F-Value P-Value 

Genotype 41 54263 1323.5 2.67 0.000 

Error 84 41615 495.4     

Total 125 95878       

 

2. Analysis of variance: Number of tillers 

Source DF              SS               MS F-Value P-Value 

Genotype 41 2203 53.72 2.33 0.001 

Error 84 1934 23.02     

Total 125 4136       

 

3. Analysis of variance: Distance of the last tiller from the main plant 

Source DF           SS             MS F-Value P-Value 

Genotype 41 33049 806.1 2.42 0.000 

Error 84 28002 333.4     

Total 125 61051       
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4. Analysis of variance: Plant height 

Source DF          SS              MS F-Value P-Value 

Genotype 41 33049 806.1 2.42 0.000 

Error 84 28002 333.4     

Total 125 61051       

5. Analysis of variance: Percentage inflorescence 

Source DF            SS           MS F-Value P-Value 

Genotype 41 41.66 1.0161 1.78 0.013 

Error 84 48.00 0.5714     

Total 125 89.66       

 

6. Analysis of variance: Number of tubers per stand 

Source DF          SS           MS F-Value P-Value 

Genotype 41 20694 504.7 1.34 0.129 

Error 84 31622 376.5     

Total 125 52316       

 

7. Analysis of variance: Number of rings per tuber 

Source DF           SS         MS F-Value P-Value 

Genotype 41 25.373 0.61885 8.66 0.000 

Error 84 6.000 0.07143     

Total 125 31.373       
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8. Analysis of variance: Length of tuber 

Source DF         SS            MS F-Value P-Value 

Genotype 41 3121 76.12 4.90 0.000 

Error 84 1305 15.53     

Total 125 4426       

 

9. Analysis of variance: Width of tuber 

Source DF             SS           MS F-Value P-Value 

Genotype 41 464.5 11.328 3.95 0.000 

Error 84 241.1 2.871     

Total 125 705.6       

 

10. Analysis of variance: Tuber shape 

Source DF          SS           MS F-Value P-Value 

Genotype 41 14.922 0.36394 5.59 0.000 

Error 84 5.473 0.06516     

Total 125 20.395       

 

 

11. Analysis of variance: Hundred tuber weight 

Source DF             SS           MS F-Value P-Value 

Genotype 41 186731 4554.42 45735.14 0.000 

Error 84 8 0.10     

Total 125 186740       
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12. Correlation matrix 

 PG NT DTP PH PI NTS NRT LT WT TS 

NT 0.162                   

DTP 0.543 0.543                 

PH 0.844 0.351 0.657               

PI 0.231 0.103 -0.050 0.319             

NTS -0.018 0.260 0.069 0.108 -0.092           

NRT 0.414 0.193 0.636 0.484 -0.023 0.128         

LT 0.211 0.147 0.426 0.472 0.035 -0.085 0.411       

WT 0.297 0.094 0.584 0.421 -0.161 -0.027 0.626 0.447     

TS 0.205 0.190 0.295 0.430 0.159 -0.044 0.265 0.899 0.061   

HTW 0.179 0.407 0.474 0.429 0.102 0.183 0.296 0.593 0.429 0.444 
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Appendix B. CHEMOSENSITIVITY ANALYSIS OF TIGER NUTS (Cyperus 

esculentus L.) USING ETHYL METHANESULFONATE (EMS) AND 

COLCHICINE MUTAGENS 

1. Fishers pairwise comparison at 95 % confidence on mean plant height 

per plant versus EMS concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

BUO-BE0.1 3 38.26 A   

OFF-bE0.5 3 37.37 A   

OFF-bE0.1 3 36.89 A   

OFF-bE0.25 3 35.96 A   

BUO-BE0.25 3 35.02 A   

BUO-BE0 3 34.84 A   

OFF-bE0 3 34.50 A   

BUO-BE0.5 3 30.533 A B 

BUO-BE1 3 23.66   B 

OFF-bE1 3 22.28   B 
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2. Fishers pairwise comparison at 95 % confidence on mean number of 

leaves per plant versus EMS concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

BUO-BE0.1 3 7.889 A   

OFF-bE0.25 3 7.778 A   

BUO-BE0.5 3 7.778 A   

OFF-bE0.5 3 7.667 A B 

BUO-BE0.25 3 7.556 A B 

BUO-BE0 3 7.556 A B 

OFF-bE0.1 3 7.333 A B 

OFF-bE0 3 7.333 A B 

BUO-BE1 3 6.56 A B 

OFF-bE1 3 5.44   B 

 

3. Fishers pairwise comparison at 95 % confidence on mean number of 

tillers per plant versus EMS concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

BUO-BE0.5 3 2.889 A     

OFF-bE0.1 3 2.778 A B   

OFF-bE0.5 3 2.333 A B   

OFF-bE0.25 3 2.222 A B   

BUO-BE0.25 3 2.222 A B   

BUO-BE0.1 3 2.000 A B C 

BUO-BE1 3 1.889 A B C 

OFF-bE0 3 1.667   B C 

BUO-BE0 3 1.667   B C 

OFF-bE1 3 1.000     C 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



181 
 

4. Fishers pairwise comparison at 95 % confidence on mean diameter of 

main plant versus EMS concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

BUO-BE0.5 3 4.490 A 

BUO-BE0.1 3 4.018 A 

OFF-bE0.25 3 3.988 A 

OFF-bE0.5 3 3.871 A 

OFF-bE0 3 3.856 A 

OFF-bE0.1 3 3.849 A 

BUO-BE0.25 3 3.829 A 

BUO-BE0 3 3.776 A 

BUO-BE1 3 3.287 A 

OFF-bE1 3 3.14 A 
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5. Fishers pairwise comparison at 95 % confidence on mean plant height 

per plant versus colchicine concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

APR-bC0.25 3 38.52 A   

APR-bC0 3 35.967 A B 

ENK-BC0.25 3 35.1111 A B 

ENK-BC0.1 3 34.244 A B 

ENK-BC0.5 3 34.233 A B 

ENK-BC0 3 33.73 A B 

APR-bC0.5 3 33.38 A B 

ENK-BC1 3 33.20 A B 

APR-bC0.1 3 30.42 A B 

APR-bC1 3 23.73   B 

 

6. Fishers pairwise comparison at 95 % confidence on mean number of 

leaves per plant versus colchicine concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

ENK-BC0.5 3 8.111 A     

ENK-BC1 3 8.000 A     

ENK-BC0.1 3 7.889 A     

ENK-BC0.25 3 7.889 A     

APR-bC0 3 7.778 A     

ENK-BC0 3 7.556 A B   

APR-bC0.25 3 7.000 A B C 

APR-bC0.5 3 6.778 A B C 

APR-bC0.1 3 5.56   B C 

APR-bC1 3 4.89     C 
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7. Fishers pairwise comparison at 95 % confidence on mean number of 

tillers per plant versus colchicine concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

ENK-BC0.5 3 2.667 A     

ENK-BC0.1 3 2.556 A     

ENK-BC0 3 2.444 A B   

APR-bC0 3 2.444 A B   

ENK-BC1 3 2.333 A B   

APR-bC0.5 3 2.111 A B   

ENK-BC0.25 3 1.889 A B C 

APR-bC0.25 3 1.556   B C 

APR-bC0.1 3 1.556   B C 

APR-bC1 3 1.111     C 
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8. Fishers pairwise comparison at 95 % confidence on mean diameter of 

main plant versus colchicine concentrations of genotypes. 

Conc. of 

genotype N Mean Grouping 

ENK-BC0.5 3 4.4978 A   

ENK-BC0.25 3 4.388 A   

ENK-BC1 3 4.372 A   

ENK-BC0 3 4.262 A   

ENK-BC0.1 3 4.009 A B 

APR-bC0.25 3 3.9633 A B 

APR-bC0 3 3.909 A B 

APR-bC0.5 3 3.836 A B 

APR-bC0.1 3 3.55 A B 

APR-bC1 3 2.654   B 
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Appendix C. MUTATION BREEDING FOR TIGER NUTS (Ceperus 

esculentus L.) IMPROVEMENT USING ETHYL METHANESULFONATE 

(EMS) AND COLCHICINE 

1. Analysis of variance: Days to physiological maturity 

Source DF         SS           MS F-Value P-Value 

Genotype 24 690.7 28.780 5.75 0.000 

Error 50 250.2 5.003     

Total 74 940.9       

 

 

2. Analysis of variance: Hundred tuber weight 

Source DF          SS           MS F-Value P-Value 

Genotype 24 19821 825.9 2.03 0.017 

Error 50 20327 406.5     

Total 74 40148       

3. Analysis of variance: Overall tuber weight 

Source DF            SS          MS F-Value P-Value 

Genotype 24 9332 388.8 1.91 0.027 

Error 50 10169 203.4     

Total 74 19501       
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4. Analysis of variance: Number of tubers attached to plant on harvest 

Source DF          SS          MS F-Value P-Value 

Genotype 24 10269 427.9 3.87 0.000 

Error 50 5523 110.5     

Total 74 15791       

 

5. Tukey pairwise comparison at 95 % confidence on mean percentages of 

carbohydrates of mutants and controls. 

Genotype N Mean Grouping 

Cb19 3 52.638 A         

EB12 3 50.638 A B       

Eb22 3 49.256   B C     

Cb11 3 48.719   B C     

CB2 3 48.135   B C     

EBC 3 46.909     C D   

CbC 3 46.666     C D E 

CBC 3 46.614     C D E 

EbC 3 45.03       D E 

Eb14 3 44.816       D E 

CB16 3 44.589       D E 

Eb2 3 44.484       D E 

EB8 3 43.857         E 
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6. Tukey pairwise comparison at 95 % confidence on mean percentages of 

phosphorous of mutants and controls. 

Genotype N Mean Grouping 

Eb2 3 0.63867 A               

CB2 3 0.59433   B             

EBC 3 0.58600   B             

Eb22 3 0.58500   B             

Cb11 3 0.58067   B C           

CBC 3 0.56967     C           

Cb19 3 0.53767       D         

EB12 3 0.51833         E       

CB16 3 0.50367         E F     

EbC 3 0.50267           F G   

Eb14 3 0.48833             G H 

CbC 3 0.48700               H 

EB8 3 0.48600               H 

 

7. Tukey pairwise comparison at 95 % confidence on mean percentages of 

potassium of mutants and controls. 

Genotype N Mean Grouping 

Eb14 3 1.75467 A           

EbC 3 1.65233   B         

Eb2 3 1.64433   B         

Eb22 3 1.63533   B         

CB2 3 1.56400     C       

Cb19 3 1.55067     C D     

CBC 3 1.5453     C D     

EB8 3 1.52567       D     

EB12 3 1.42267         E   

CB16 3 1.40767         E   

EBC 3 1.40167         E   

Cb11 3 1.39700         E   

CbC 3 1.28000           F 
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