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Abstract 

The current study was conducted at the Taraba 

State University, Jalingo, Taraba State, Nigeria 

during 2022 cropping season to investigate the 

magnitude of genetic variability, correlation 

and path analysis. Ten yam genotypes were 

evaluated in a randomized complete block 

design with three replications. The result 

revealed the presence of significant difference 

(p≤ 0.01) for all the characters except 

percentage emergence and number of leaves. 

High genotypic and phenotypic coefficient, 

heritability and genetic gain were observed for 

petiole length, number of tubers per plant, 

weight of tubers per plant, weight of tubers per 

plot and tuber yield per hectare. Correlation 

analysis showed that tuber yield per hectare 

exerted significant and positive correlation for 

weight of tubers per plot, weight of tubers per 

plant, and number of tubers per plant. Path 

analysis revealed that weight of tubers per 

plot, petiole length, and tuber width exerted 

higher positive direct effect on tuber yield. 

These traits can be considered to be 

determinant for yield improvement in yam.   

Keywords: Yam, genotypes, tuber yield, 

character, correlation 

Introduction 

Yam (Dioscorea spp.) belongs to the family 

Dioscoreaceae, genus Dioscorea (USDA, 

2020), with more than 800 species of climbing 

vines and woody shrubs (Barton, 2014), of 

which only six are of important in terms of 

food, cash and medicine (IITA, 2009). It is the 

second most important tuber crop after cassava 

in Africa (Andres et al., 2017), and the fifth 

most harvestable crop following cassava, 

maize, guinea corn and cowpea in Nigeria 

(NBS, 2012). Yam a major source of more 

than 200 calories to 60 million people in the 

tropical and subtropical regions (Nweke et al., 

1991). The crop are consumed as cooked 

starchy vegetable, boiled and then mashed into 

a sticky paste or dough, they may also be fried, 

roasted or baked (Britannica, 2020). Barton 

(2014) stated that yams are good source of 

dietary fiber and are rich in carbohydrates, 

vitamin C, and essential minerals, and plays a 

vital role in the economy, medicine and food 

security of the developing countries 

(Obidiegwu et al., 2020). As reported by 

Kumar et al., (2017), Dioscorea species have 

found to have anti-microbial, anti-fungal, anti-

mutagenic, immunomodulary and 

hypoglycemic effects. Aliyu et al., (2013), 

reported that the potential for the genetic 

improvement of any crop relies on the ability 

to successfully use the existing genetic 

resources. Genetic component of variation is 

important in crop improvement, being the only 

component that is transmitted to the future 

generation (Singh, 1993).  
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Heritability tells the breeder how much 

confidence to place on the phenotypic 

performance of individual when choosing 

parents for next generation (Bennet, 2001). 

Petal et al., (2018) reported that the knowledge 

of interrelationship between yield and its 

components is necessary, and important for 

planning breeding program (Panwar et al., 

2012). Herojit et al., (2017) emphasized that 

evaluation of local cultivars or land races into 

different morphological variability groups 

makes it easy for plant breeders in identifying 

and also selecting the desired promising lines 

of different characters. Farmers rely on 

landraces characterized with low genetic 

capacity, susceptible to biotic and abiotic 

stresses which resulted to low yield, low 

nutritional advantage and low storability, these 

factors have led to decrease in yam production 

over the years, food insecurity and 

unemployment in the area, with little research 

attention toward crop improvement.  The study 

was undertaken to assess the extent of genetic 

variability, heritability as well as the 

interrelationship; and direct and indirect 

correlation effect on growth, tuber yield and 

quality of yam genotypes in the area. 

Materials and methods 

The ten yam genotypes used for the study 

include eight varieties obtained from diverse 

yam producing areas in the state, two varieties 

were obtained from National Root Crop 

Research Institute, Umudike (NRCRI), Abia 

State. The land for the study was cleared, 

ploughed and heaps were made. The whole 

seeds were sown into mounds of 60 cm height 

at spacing of 1m x1m inter row and intra row 

spacing at the Teaching and Research Farm of 

the Department of Agronomy, Taraba State 

University, Jalingo. Jalingo lies in the 

Northern Guinea Savannah on latitude 8º45ʹ N 

and longitude 11º25ʹ E of the equator. The 

rainfall ranges from 1000-1500mm and an 

average temperature of 37.5ºC, and at an 

elevation of 351 m above sea level. The 

experiment was laid out in a Randomized 

Complete Block Design, which was replicated 

three times. Each replicate consists of ten plots 

of 10m x 8m, distance of 2 m was maintained 

between replicates and 1.5m between plots 

respectively.   

All management practices were carried out as 

recommended for yam production. The 

parameters measured include percentage 

emergence %, vine length (m), petiole length 

(cm), number of vines per plant, number of 

leaves per plant, number of tubers per plant, 

tuber width (cm), tuber length (cm), weight of 

tubers per plant (kg), number of tubers per 

plot, weight of tubers per plot (kg), tuber 

yield/ha (tons), moisture content (%), tuber dry 

matter content(%),  starch content (g/100g), 

ash content, ascorbic acid (mg),  and total 

sugar (g/100g). moisture content, tuber dry 

matter content,  starch content, ash content, 

ascorbic acid,  and total sugar were determined 

by standard procedures. Analysis of variance 

was performed on all the characters using SAS 

(2016). Means were separated using the 

Duncan’s Multiple Range Test as described by 

Duncan (1955). Genotypic variance (²g), 

phenotypic variance (²p), environmental 

variance (²e), genotypic coefficient of 

variation (GCV), and phenotypic coefficient of 

variation (PCV) according to the method 

described  by Burton and Devane (1953) and 

are classified as  low (<10 %), moderate (10-

20 %), and high (> 20%) as suggested by 

Sivasubramanium and Madhavamanon (1973). 

Broad sense heritability (H2) was computed by 

the formula described by Hanson et al. (1956), 

and classified by Robinson (1966), as low (< 

50%), moderate (50-70%) and high (>70 %). 

Genetic advance (GA) and Genetic advance as 

percent of mean (GAM) of each character was 

calculated as described by Johnson et al. 

(1955) and classified as low (< 10 %), 

moderate (10-20 %), and high (> 20%). The 

degree of association between pairs of 

characters was computed using statistical 

analysis system (SAS, 2016). The matrix 

method was used to estimate the path 

coefficient as described by Singh and 

Chaudhary (1985). 
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Table 1: Genotypes and area of collection 

Genotypes Area of collection 

Ben Zing 

Tinzen Yorro 

Yanzo Yorro 

Ogoja Wukari 

Takalafia Donga 

Faketsa Donga 

Anasure Donga 

Gyumdugagu Donga 

Alamaco NRCRI, Umudike 

UMUDr-20 NRCRI Umudike 

 

Results and discussion 

The analysis of variance (Table 2) revealed the 

presence of significant difference among the 

genotypes for most of the characters studied 

indicating the existence of variation. The 

genotypes differed significantly (p≤ 0.01) for 

all the characters except percentage emergence 

and number of leaves per plant which recorded 

non-significant influence. Nwankwo and 

Bassey (2013) observed significant difference 

among the yam genotypes for all characters 

used except tuber shape. Vandna et al., (2020) 

recorded highly significant difference among 

the yam genotypes for all the characters used 

in the study. However, Anyanwu and Idefonso 

(2015), reported non-significant difference for 

all the characters studied except percentage of 

plant survival, tuber fresh weight and total 

yield per variety at harvest in yam. Ahsan et 

al., (2015) reported that the presence of 

variation among genotypes is very important 

for the plant breeders and selection is 

rewarding when the magnitude of variation is 

of great range. The coefficient of variability 

(CV) ranges from 1.27 % for tuber dry matter 

content to 19.23 % for number of veins per 

plant, the lower CV values observed for most 

of the characters implied high level of 

precision for the study as suggested by Gomes 

(2009), low (< 10 %) high precision, medium 

(10 -20 %) good precision, high (20 - 30%) 

low precision, and very high (> 30 %) very 

low precision in the field experiment (Table 

2). The mean ± SE, environmental, genotypic 

and phenotypic variance, genotypic and 

phenotypic coefficient of variation, 

heritability, genetic advance as percent mean 

were presented in Table 3. The genotypic 

variances were generally higher than the 

environmental variance for most of the 

characters except percentage emergence and 

number of leaves per plant, suggesting the 

effect of additive gene on the expression of 

most of characters studied. Similarly, higher 

phenotypic coefficient of variability in 

magnitude compared to its corresponding 

genotypic coefficient variability indicates the 

presence of environmental factors in the 

expression of those characters, however, the 

effects were low due to slight difference 

between them. This is in agreement with the 

findings of Vandna et al., (2020) and Norman 

et al., (2021). 

 



Journal of Genetics, Genomics & Plant Breeding 8(1) 10-20 (January, 2024)                                                               
ISSN (Online): 2581-3293       

13 
 

This study showed that characters such as 

weight of tubers per plot (331.98 and 329.01), 

weight of tubers per plant (36.95 and 35.50), 

tuber yield per hectare (34.76 and 34.50), 

number of tubers per plant (30.82 and 26.78), 

number of vein per plant (31.39 and 24.81), 

moisture content (25.78 and 24.12), and 

petiole length (25.67 and 24.88) exhibited high 

(>20 %) phenotypic and genotypic coefficient 

of variations which indicates high chances of 

improvement through selection of these 

characters. Similar results were seen in 

Nwankwo and Bassey (2013) and Nwankwo et 

al., (2019), and Vandna et al., (2020).  

 

Table 2: Analysis of variance for agronomic, yield and quality traits of yam varieties 

Trait Replication 

(2) 

Genotypes 

(10) 

Error 

(20) 

CV 

(%) 

Percentage emergence (%) 13.33 13.33 13.33 3.68 

Vine length (cm) 2.40 740.75** 13.56 2.47 

Petiole length (cm) 0.58 17.67** 0.32 5.88 

Number of vines /plant 0.25 3.59** 0.60 19.23 

Number of leaves /plant 1341.16 521.75 404.36 10.18 

Number of tubers plant 0.11 3.59** 0.35 15.21 

Tuber width (cm) 2.51 147.46** 2.96 4.74 

Tuber length (cm) 7.43 199.52** 2.65 3.89 

Weight of tuber(s) /plant  (kg) 0.29* 2.21** 0.06 10.36 

Number of tubers /plot 2.53 60.24** 0.83 4.51 

Weight of tubers /plot (kg) 0.01 2.46.40** 0.74 3.46 

Tuber yield/ha (tons) 0.72 57.18** 0.29 4.26 

Moisture content (%) 3.95 29.44** 1.33 9.07 

Tuber dry matter content (%) 0..005 26.18** 0.45 1.27 

Starch content (g/100g) 0.65 14.88** 0.67 1.32 

Ash content 0.04 0.45** 0.02 3.17 

Ascorbic acid (mg) 0.39 4.37** 0.39 3.63 

Total sugar (g/100g) 0.002* 0.007** 0.0004 3.34 
** = highly significant, * = significant difference 

In this study, broad sense heritability estimates 

(Table 3) were high (>70 %)  for vein length 

(95%), petiole length (95%), number of leaves 

per plant (90%), number of tubers per plant 

(76%), tuber width (94%), tuber length (96%), 

weight of tubers per plant (92%), number of 

tubers per plot (96%), weight of tubers per plot 

(99%), tuber yield per hectare (98%), moisture 

content (88%), tuber dry matter content (95%), 

starch content (88%), ash content (88%), 

ascorbic acid (77%), while, number of vein per 

plant  (63%), and total sugar (67%), had  

moderate heritability. Conversely, low broad 

sense heritability were observed for percentage 

emergence (0%). Higher broad sense 

heritability obtained by most of the characters 

indicates that these characters are most likely 

under additive gene effects and selection based 

on phenotypic expression could be effective.  

Several studies tend to show similar results 

Nwankwo et al., (2019), Vandna et al., (2020). 

The lowest heritability (0 %) observed for 

percentage emergence was a result of zero 

value recorded by the genetic variance which 

resulted to zero values for both genotypic 

coefficient of variation and heritability 

indicating strong environmental influence on 

the expression of this character. 
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The magnitude of GAM (Table 3) were high 

(> 20 %) for petiole length (49.71%), number 

of vein per plant (40.41%), number of tubers 

per plant (47.95%), tuber width (38.27), tuber 

length (39.20), weight of tubers per plant 

(70.26%), number of tubers per plot (44.52%), 

weight of tubers per plot (74.56%), tuber yield 

per hectare (70.53%), moisture content 

(46.50%), ash content (72.10%), and total 

sugar (84.29%). Similar results were seen in 

Padhan et al., (2019). The high GAM values 

obtained by these characters signified effects 

of additive gene on the expression of these 

characters. High heritability in broad sense 

coupled with high genetic advance as percent 

of mean were computed for petiole length, 

number of tuber per plant, tuber width, tuber 

length, weight of tubers per plant, number of 

tuber per plot, tuber yield per hectare, moisture 

content, and ash content. 

 

Table 3: Means and their standard error, coefficient of variability, heritability and genetic 

advance as percent mean 

Trait Mean ± SE ²e ²g ²p GCV 

(%) 

PCV 

(%) 

H2 

(%) 

GA 

% 

GAM 

(%) 

Percentage 

emergence (%) 

99.33± 3.65 13.33 0 13.33 0 3.91 0 0 0 

Vine length (cm) 148.99±3.68 13.55 242.40 255.96 10.45 10.74 0.95 31.21 20.95 

Petiole length (cm) 9.62±0.57 0.32 5.73 6.10 24.88 25.67 0.95 4.78 49.71 

Number of vines 

/plant 

4.33±0.78 0.60 1.00 1.60 24.81 31.39 0.63 1.63 40.41 

Number of leaves 

/plant 

197.53±2011 404.36 39.13 43.47 3.17 10.66 0.90 12.23 6.19 

Number of tubers 

plant 

3.88±0.59 0.35 1.08 1.43 26.78 30.82 0.76 1.86 47.95 

Tuber width (cm) 36.26±1.72 2.95 48.17 51.12 19.14 19.71 0.94 13.88 38.27 

Tuber length (cm) 41.73±1.63 2.65 65.62 68.27 19.41 19.80 0.96 16.36 39.20 

Weight of tuber  

(kg) 

2.39±0.25 0.06 0.72 0.78 35.50 36.95 0.92 1.68 70.26 

Number of tubers 

/plot 

20.17±0.91 0.83 19.80 20.63 22.06 22.52 0.96 8.90 44.52 

Weight of tubers 

/plot (kg) 

24.89±0.86 0.74 81.89 82.63 329.01 331.98 0.99 18.56 74.56 

Tuber yield /ha 

(kg) 

12.62±0.54 0.29 18.96 19.25 34.50 34.76 0.98 8.90 70.53 

Moisture content 

(%) 

12.69±1.15 1.33 9.37 10.70 24.12 25.78 0.88 5.90 46.50 

Tuber dry matter 

content (%) 

53.16±0.67 0.45 8.57 9.03 5.51 5.65 0.95 5.87 11.05 

Starch content 

(g100g¯¹) 

62.13±0.82 0.67 4.74 5.41 3.50 3.74 0.88 4.20 4.19 

Ash content 4.66± 0.15 0.02 0.14 0.16 8.03 8.58 0.88 0.72 72.1 

Ascorbic acid 17.22±0.63 0.39 1.33 1.72 6.69 7.61 0.77 2.09 12.12 

Total sugar 0.63±0.02 0.0004 0.002 0.003 7.09 8.69 0.67 10.69 84.29 
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Consequently, high phenotypic and genotypic 

coefficient of variation, high heritability and 

genetic advance as a percent of mean observed 

indicates that these characters are governed 

under additive gene action with less influence 

by the environment, therefore, meaningful 

improvement of the crop can be achieved 

through simple selection.  

The current investigation (Table 4) revealed 

that genotypic correlation coefficients were 

generally higher than their corresponding 

phenotypic counterpart for most of the 

characters studied suggesting predominantly 

high influence of additive gene with little 

environmental effect. Higher magnitude of 

genotypic correlations than phenotypic 

correlations were reported previously by 

numerous researchers Babu Rao et al., (2017), 

Nwankwo et al., (2019), Hunde et al., (2022).  

Tuber yield per hectare exhibited highly 

significant and positive correlations with 

weight of tubers per plots (0.993**and 

0.986**), weight of tubers per plant 

(0.723**and 0.697**), and number of tubers 

per plant (0.673**and 0.597**) at both 

genotypic and phenotypic levels. This 

indicates that the three traits are closely related 

and interrelated with tuber yield per hectare 

and selection for yield increase is possible by 

considering these characters.  In addition, 

number of leaves per plant ((-0.821**) exerted 

highly significant and negative association 

with tuber yield per hectare at genotypic level. 

Hunde et al., (2022) highlighted that negative 

relationship between two characters indicates 

that selection for improving one trait will 

likely cause decrease in the other character. 

Similarly, weight of tubers per plot was found 

to be highly significantly and positively 

correlated with number of tubers per plant 

(0.644**and 0.545**) and weight of tubers per 

plant (0.742**and 0.705**) at both genotypic 

and phenotypic levels, while positively and 

significantly correlated with tuber width 

(0.540**) and number of tubers per plot 

(0.414**) at phenotypic level. High significant 

and positive values observed between weight 

of tubers per plant and number of tubers per 

plant with weight of tubers per plot signifies 

their importance as yield attributes in 

influencing yield of yam, hence, the heavier 

the weight of tubers per plant, the heavier the 

weight of tubers per plot.   

In this present study, tuber length per plant 

registered highly significant and positive 

association with tuber width (0.827**and 

0.802**) at both genotypic and phenotypic 

levels. This implies that these characters are 

related, hence selection for improvement of 

one character may simultaneously result to the 

increase of the other character. 

Similar result can be seen in Goler et al., 

(2017) and Babu Rao et al., (2019). Weight of 

tubers per plant exerted highly significant 

positive correlations with tuber width 

(0.671**and 0.618**) and tuber length 

(0.685**and 0.634**) at both genotypic and 

phenotypic levels. Number of tubers per plot 

exhibited strong positive and significant 

genotypic and phenotypic association with 

number of tubers per plant (0.922**and 

0.806**). Concurrently, tuber dry matter 

content revealed highly significant and 

positive correlations with tuber weight 

(0.693**and 0.638**) at genotypic and 

phenotypic levels, but highly significant and 

positive with tuber length (0.554**) at 

phenotypic level. However, Goler et al. (2017) 

0bserved negative and insignificant relation 

between tuber dry matter content with tuber 

length and tuber girth in sweet potato. Highly 

positive and significant genotypic and 

phenotypic relationship were recorded 

between starch content with number of tubers 

per plant (0.686**and 0.636**), also 

genotypically correlated with number of leaves 

per plant (0.686**), as well as phenotypically 

correlated with number of tubers per plot 

(0.536**), weight of tubers per plot (0.473**) 

and tuber yield per hectare (0.519**). 
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Significant and positive phenotypic association 

between number of tubers per plot, weight of 

tubers per plot and tuber yield per hectare with 

starch content indicates that this relationship is 

most likely due to environmental influence and 

selection for improvement may not be 

meaningful. Babu Rao et al., (2019) reported 

significant and positive relationship between 

starch content and number of leaves per plant 

at both genotypic and phenotypic levels. 

Positive and significant genotypic and 

phenotypic correlations were observed 

between ash content with number of veins per 

plant (0.673**and 0.467**), while significant 

and positive relationship was obtained with 

tuber length (0.545**) at phenotypic level. 

Total sugar exhibited positive and significant 

association with vein length (0.593**and 

0.499**) at genotypic and phenotypic levels 

respectively. 

The result of path analysis (Table 5) revealed 

that weight of tubers per plot (0.919 and 

0.895) observed maximum positive direct 

effect on tuber yield per hectare at genotypic 

and phenotypic levels. The significant and 

positive association obtained between weight 

of tubers per plot with tuber yield per hectare 

was the result of contribution of both direct 

and indirect effects of weight of tubers per plot 

to tuber yield per hectare. While petiole length 

(0.145 and 0.087), tuber width (0.123 and 

0.101), number of veins per plant (0.028 and 

0.009), number of tubers per plant (0.016 and 

0.098), and moisture content (0.096 and 

0.073), exerted low direct effect at both 

genotypic and phenotypic levels with tuber 

yield per hectare, whereas, tuber length 

(0.007), and starch content (0.002) showed 

low positive direct effect at genotypic level. 

Traits having positive direct effect with tuber 

yield implying positive association and are the 

determinants of tuber yield per hectare. 

Similarly, the maximum indirect effect on 

tuber yield per hectare was exerted by weight 

of tubers per plant via weight of tubers per 

plot. On the other hand, maximum negative 

direct effect were exerted by percentage 

emergence (-0.054 and -0.016), vein length (-

0.001 and -0.054), number of tubers per plot (-

0.050 and -0.057), and tuber dry matter 

content (-0.027 and -0.077) at both genotypic 

and phenotypic levels with tuber yield per 

hectare, but number of leaves per plant (-

0.013), weight of tubers per plant (-0.013), ash 

content (-0.028), ascorbic acid (-0.026), and 

total sugar (-0.082) exerted negative direct 

effect at genotypic level. Path analysis for 

various morphological, yield and internal 

quality traits was studies by Babu Rao et al., 

(2017) in cassava, Goler et al. (2017) in sweet 

potato, Tewodros et al. (2020) in yam, and 

Hunde et al., (2022) in potato. 

The result of the study revealed significant 

difference among the genotypes tested 

indicates the existence of substantial genetic 

variability. Higher values for phenotypic and 

genotypic coefficient of variation, heritability 

and genetic gain, strong positive association 

and positive direct effect exhibited by most of 

the characters signifies more influence of 

addictive effect. These variations among the 

genotypes indicated that there is a great 

potential for genetic improvement of this crop 

through breeding program.   
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