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Abstract 

Dioscorea bulbifera (aerial yam) is a valuable species of Western Himalayan region used for food and in traditional medicine. 
Assessment of the genetic variability of a plant species can contribute significantly to the crop conservation and improvement. Tubers 

of Dioscorea bulbifera were randomly collected from 6 different agro-ecological zones of Uttarakhand State for the study. Qualitative 

and quantitative morphological traits, and yield parameters were assessed to evaluate genetic diversity in Dioscorea bulbifera 

genotypes from different agro-ecological regions. Desirable agronomic traits such as bulbil yield, higher number of bulbils per plant, 

greater bulbil weight, higher number of branches on the main stem were used for selection of superior genotype. Genotype DG5 was 

the most productive with bulbil yield of 2213 g/plant. The least productive genotype was DG1 with bulbil yield of 291 g/plant. 

Varietal diversity was observed in Dioscorea bulbifera cultivated at different locations in the Western Himalaya. 
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1. Introduction

The Western Himalayan region in India is rich in plant 

biodiversity and the tribal communities are dependent on local 

flora for their food and medicine. A number of wild and native 

vegetable crops have excellent medicinal and nutritional 

properties. Roots and tubers are cultivated and consumed widely 

in rural areas and contribute significantly for food security and 

traditional medicine. 

Dioscorea bulbifera L. is a crop of significant food and 

medicinal value cultivated in the Western Himalayas [1]. 

Dioscorea bulbifera belongs to the family Dioscoreaceae and is 

also known as aerial yam or air potato. It is characterized by 

edible aerial bulbils which develop at the base of the leaf 
petioles [2, 3]. It is a glabrous, non-spiny, annual climber plant 

species originating from Asia and Africa [4, 5]. 

Yams (Dioscorea spp.) are one of the world’s most important 

tuber with high food and economic potential [6]. Nutritionally, 

yam tubers contain mainly starch and serve as the staple 

carbohydrate source for millions of people [7]. Other essential 

dietary nutrients in Dioscorea species are proteins, lipids, 

vitamins, and minerals [8]. It is consumed in different forms like 

boiled, pounded, fried or roasted [9]. Yam is a major source of 

energy in the diet of most people in the tropics. Dietary calories, 

more than 200 per capita daily is contributed by yam to more 
than 150 million people in West Africa[10]. It is consumed as 

food by about 300 million people throughout the world [11]. 

Different parts of aerial yam plant have profound therapeutic 

potential and are used in traditional and modern medicine [12, 13]. 

It is used in traditional Indian, African and Chinese medicine for 

the treatment of sore throat [14]. In India, tubers are used for 

treatment of piles, dysentery, inflammation and ulcers. Tubers 

of Dioscorea bulbifera possess diuretic and antihelmintic 

properties [15]. They are also used for healing of wounds, cuts 

and boils [16]. Stems and leaves of Dioscorea bulbifera are used 

for treatment of conjunctivitis, diarrhoea and dysentery [17]. 

Crushed bulbils and tubers are mixed with palm oil and used for 

relieving rheumatic pain [18]. 

Dioscorea bulbifera with wide spectrum of benefits requires 

conservation of useful plant genetic resource germplasm. 

Characterization and evaluation of available germplasm is 

required to assess genetic variability for its improvement and 

conservation. The objective of this study was to evaluate genetic 

variability in Dioscorea bulbifera cultivated in diverse agro-

ecological Western Himalayan region. 

2. Materials and Methods

Collection of Plant Material 

Planting material consisted of the bulbils of Dioscorea bulbifera 

collected from different locations of the Western Himalayan 

regions to obtain exhaustive genotypes. Six villages located in 

diverse agro-ecological zones in Uttarakhand state of India were 

randomly selected for collection of planting material. The 

collection sites were Auli (30.53°N, 79.57°E), Bageshwar 

(29.84°N, 79.77°E), Champawat (29.33°N, 80.10°E), Dharchula 

 Munsiyari (30.07°N, 80.24°E) and ,(E״ 34.8׳N, 80°32״54׳29°50)

Pithoragarh (30o00′N, 80°20′E). The elevations are 2800 m for 

Auli, 1004 m for Bageshwar, 1615 m for Champawat, 915 m for 
Dharchula, 2200 m for Munsiyari and 1627 m for Pithoragarh 

above sea level. Tubers of varying sizes were selected for each 

genotype by simple randomization from a bulk of freshly 

harvested tubers. Approximately, 100 tubers were collected 

from each genotype for the field experiments. 

Field Experiment 

The study was conducted during 2019 and 2020 in the 

experimental field of DIBER Field Station, Pithoragarh, India. 

The experimental site is located at 30°00′N latitude and 80°20′E 
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longitude and at a mean altitude of 1627 m above sea level. 

Selected seeds of 6 genotypes of Dioscorea bulbifera from Auli 
(DG1), Bageshwar (DG2), Champawat (DG3), Dharchula 

(DG4), Munsiyari (DG5) and Pithoragarh (DG6) were sown at 

seed row distance of 1.5 m and seed to seed distance of 1.5 m. 

Data on plant growth and fruiting were recorded periodically. 

Average length of plants of different genotypes was recorded at 

80 and 110 days after sowing. Fruits of Dioscorea bulbifera 

were harvested at 165 days. Yield was recorded in different 

genotypes.  

 

Evaluation of Qualitative and Quantitative Traits 

The qualitative and quantitative traits of different genotypes of 
Dioscorea bulbifera were assessed. The qualitative traits for 

stem consisted of colour of the young stem, colour of mature 

stem, roughness, thorniness and the twining direction. In leaves, 

the colour of the young leaf, colour of the adult leaf, leaf type 

and shape, leaf lobes, leaf vein colour of upper surface, leaf vein 

colour of lower surface and colour of mature petioles were 

recorded. The shape, skin colour and surface texture were 

recorded for bulbils of different genotypes. Observations for 

quantitative traits for stem, leaves and bulbils were based on the 

average measurement of various phenotypic characters in each 

individual plant. The number of branches per plant on main 

stem, the diameter of stem, number of leaves per meter length of 
the plant, length of the leaves, width of the leaves, average 

diameter of bulbil and the average thickness of bulbil from the 

selected plants were measured. 

 

Statistical Analysis 

Field experiment was laid out in Random Block Design with 25 

replicates for each of the six evaluated Dioscorea genotypes. 

The data on morphological traits and yield and, yield attributing 

traits were analyzed for Analysis of Variance (ANOVA) using 

Crop Stat program developed by IRRI, Philippines. The mean 

values were compared for statistical significance using 
Duncan’s New Multiple Range Test (DNMRT) at P ≤ 0.05.  

 

3. Results and Discussion 

Performances of six Dioscorea genotypes collected from 

different locations were evaluated for morphological and, yield 

and yield attributing traits under field conditions during the 

months of March to October in 2019-2020 at DIBER Field 

Station Pithoragarh, Uttarakhand, India. The morphological 

characteristics of young stem and mature stem of different 

genotypes of Dioscorea bulbifera is presented in Table 1. 

Colour of the young stem was purplish green in DG1; pale 

green in DG2; green in DG3, DG6; brownish green in DG5 and 
brown in DG4 (Figure 1). However, the stem colour at maturity 

was green in all the genotypes Thorns were not observed on the 

stems of all the 6 genotypes. However, pointed and small 

outgrowths were observed in Dioscorea bulbifera genotypes 

DG2 and DG3. Clockwise twining direction was observed in all 

the genotypes. 

Morphological characteristics of the leaves of different 

genotypes are presented in Table 2. Simple, large, elongate, 

alternate, embossed, ovate and broad leaves with smooth margin 

were observed in all the genotypes with variation in the colour 

of the young leaf. Colour of the young leaf was purplish green  

in genotype DG1, DG3, DG4; brown green in DG2; pale green 

in DG5 and yellow in DG6 (Figure 2). Variable lobe shapes in 
the leaves of different genotypes were recorded. The 2 lobes are  

 

 
 

Fig 1: Morphological features of stem of different Dioscorea bulbifera 
genotypes (a) purplish green with clockwise twining direction; (b) 

brownish green (c) brown (d) pale green (e) green 

 

Round oval in shape near petiole attachment in DG1, DG4, DG5 

and DG6. However, the 2 lobes are round in shape in DG2 and 

DG3. Leaf apex is acute in all the genotypes. Petiole is 

brownish green with dark brown spot at base in DG1, green 

with brownish base in DG2, pale green with purple base in 

DG3, green with purple base and red spots on some points in 

DG4, green when young and yellowish green at maturity in 

DG5 and green with purple base in DG6. Shape, colour and 

texture of bulbils of different genotypes of Dioscorea bulbifera 

were recorded (Table 3). Bulbils were irregular round shape 
with rough texture in genotypes DG1, DG2 and DG5. Light 

brown skin colour and smooth texture of bulbils was observed 

in DG3, DG4. Bulbils in DG6 were characterized by rough and 

wrinkled texture (Figure 3). Flesh colour of the bulbils is yellow 

in genotypes DG1, DG2, DG3, DG4 and creamish in genotypes 

DG5, DG6. 

 

 
 

Fig 2: Morphological features of leaves of different Dioscorea 
bulbifera genotypes (a) young leaves brown green; (b) young leaves 
purplish green; (c) young leaves pale green; (d) young leaves yellow; 

(e) Mature leaves green; (f) alternate leaves 

 

Genotypic differences for the morphological traits were 

evaluated. Dioscorea genotypes showed differences for the 

various studied morphological traits (Table 4). Number of 
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branches per plant on the main stem was higher in the genotype 

DG4 (11.20 + 2.93) than the rest of the genotypes. The genotype 

DG1 produced the least number of branches per plant (7.30 + 

4.24) than the rest of the genotypes. 
 

Table 1: Qualitative morphological traits of the stem of different genotypes of Dioscorea bulbifera. 
 

Genotype Characteristics 

DG1 
Young stem colour purplish green, turns green when mature; stem surface rough with brown spot on the base of the 

branch; no thorns on stem. 

DG2 
Young stem colour pale green, turns green when mature; stem surface smooth when young which turns rough at 

maturity; no thorns on stem but pointed outgrowth near branches. 

DG3 Young stem colour green, stem surface rough; no thorns on stem but small outgrowth at nodes. 

DG4 
Young stem colour brown, turns green when mature; rough with ridges along the margin; less branch; brown spots on 

whole length of the stem; no thorns or hairs on stem. 

DG5 
Young stem colour brownish green, turns green when mature; rough with ridges; reddish and irregular spots at the 

base of the branch; no thorns on stem; hairs present on young stem. 

DG6 Stem colour green, stem rough with ridges and wrinkles; no thorns; small hairs present on young stem. 

 

Table 2: Qualitative morphological traits of the leaves of different genotypes of Dioscorea bulbifera. 
 

Genotype Characteristics 

DG1 
Young leaf colour purplish green, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour 

of upper surface green and of lower surface pale green; petiole brownish green with dark brown spot at base. 

DG2 
Young leaf colour brown green, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour of 

upper surface greenish and of lower surface green; petiole green with brownish base. 

DG3 
Young leaf colour purplish green, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour 

of upper surface greenish and of lower surface green; petiole pale green with purple base. 

DG4 
Young leaf colour purplish green, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour 

of upper surface yellowish and of lower surface greenish; petiole green with purple base, red spots on some points. 

DG5 
Young leaf colour pale green, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour of 

upper surface yellowish and of lower surface greenish; petiole green when young, yellowish green at maturity. 

DG6 
Young leaf colour yellow, mature leaf green; 2 lobes near petiole attachment; leaf apex acute; leaf vein colour of upper 

surface green and of lower surface green; petiole green with purple base. 

 

Table 3: Morphological traits of the bulbils of different genotypes of Dioscorea bulbifera. 
 

Genotype Characteristics 

DG1 
Bulbils yellowish brown in colour when young, brown at maturity; irregular round; smooth texture when young and 

rough at maturity. 

DG2 Bulbils dark brown in colour; irregular round; smooth texture when young and rough at maturity. 

DG3 Bulbils light brown at maturity; round with ridges; smooth texture. 

DG4 Bulbils light brown in colour; irregular oblong cylindrical; smooth texture. 

DG5 Bulbils dark brown in colour; mostly round at maturity; rough texture. 

DG6 
Bulbils greenish brown in colour when young, dark brown at maturity; irregular round shape; rough and wrinkled 

texture. 

The genotype DG4 also had the greater stem diameter (3.02 + 

0.67 cm) than the rest of the genotypes. The genotype DG4 

produced more leaves per metre length of the plant (15.10 

+2.47) indicating denser vegetation than the rest of the 

genotypes. The higher leaf density in the genotype DG4 was 

also associated with the greater leaf length (16.95 + 1.50 cm) 
than the rest of the genotypes except the genotype DG6 (19.55 + 

1.67 cm). The leaf width was higher in the genotype DG6 

(18.00 + 1.75) and DG4 (15.60 + 2.03 cm) than the rest of the 

genotypes.  

The average diameter of bulbil was also higher in the DG 6 

(6.05 + 0.68 cm) and DG4 (5.98 + 0.55 cm) than the rest of the 

genotypes. The average thickness of the bulbil was higher in the 

genotype DG6 (19.00 + 2.14 cm) followed by DG5 (18.45 + 

3.11 cm) and DG4 (17.98 + 4.23 cm) than the rest of the 

genotypes. 

Genotypic differences for yield and attributing traits was 
observed (Table 5). 

 
 

Fig 3: Morphological features of mature bulbils of different Dioscorea 
bulbifera genotypes (a) light brown, smooth with ridges; (b) greenish 

brown, rough with wrinkles; (c) dark brown, rough; (d) brown, smooth 
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Table 4: Quantitative traits of different genotypes of Dioscorea bulbifera. 
 

Traits DG1 DG2 DG3 DG4 DG5 DG6 

Number of branches per plant on main stem 7.30±4.24 8.90±3.51 8.30±4.86 11.20±2.93 9.90±4.18 9.80±3.49 

Stem diameter (cm) 1.60±0.18 1.67±0.24 1.50±0.27 3.02±0.67 1.77±0.20 1.57±0.27 

Number of leaves per metre length of plant 12.60±2.56 12.20±2.52 13.20±2.23 15.10±2.47 12.60±2.58 12.90±2.43 

Leaf length (cm) 12.80±0.75 11.60±1.02 14.40±2.42 16.95±1.50 14.10±2.02 19.55±1.67 

Leaf width (cm) 11.20±0.98 11.00±0.89 12.40±1.85 15.60 ± 2.03 12.55±2.04 18.00±1.75 

Average diameter of bubil (cm) 5.75±0.78 5.01±0.91 5.87±0.99 5.98±0.55 5.02±0.93 6.05±0.68 

Average thickness of bulbil (cm) 12.67±1.48 15.73±2.87 14.18±1.56 17.98±4.23 18.45±3.11 19.00±2.14 

 

The initial plant height recorded 80 days after plantation was 

significantly (P≤0.05) the highest in genotype DG1 (341.4 + 
11.0 cm) than the other genotypes. The plant height recorded 

subsequently at 110 days after plantation was significantly 

higher in the genotypes DG4 (562.0 + 12.7 cm), DG5 (568.8 + 

12.7 cm) and DG6 (578.0 + 12.7 cm) than DG1 (392.0 + 12.7 

cm) and the rest of the genotypes. The number of the fruits per 

plant recorded was also significantly higher in DG4 (57.0 + 

1.5), DG5 (56.1 + 1.5) and DG6 (57.4 + 1.5) than the DG1 (9.9 

+ 1.5) and other genotypes. The number of fruits per plants was 

at par for the genotypes DG1, DG2 and DG3. Weight per fruit 

was significantly the highest for the genotype DG3 (70.9 + 1.9 

g) followed by DG2 (54.2 + 1.9 g), DG5 (42.5+ 1.9 g) and rest 
of the genotypes. The yield per plant was significantly the 

highest in genotype DG5 (2212.8 + 88.5 g) followed by DG6 

(1815.6 + 88.5 g) and DG4 (1730.4 + 88.5 g). The yields per 

plant for the rest of the genotypes DG1 (290.6 + 88.5 g), DG2 

(437.2 + 88.5 g) and DG3 (445.6 + 88.5 g) were considerably 

lower than the genotypes DG5, DG4 and DG6. 

 
Table 5: Yield and attributing traits of different genotypes of 

Dioscorea bulbifera. 
 

Genotype 

Plant Height (cm) Fruits  

per plant 

(Nos) 

Weight 

per fruit 

(g) 

Yield  

per plant 

(g) 
80 Days 110 days 

DG1 341.4 392.0 9.9 28.9 290.6 

DG2 278.2 366.8 8.4 54.2 437.2 

DG3 269.8 341.2 6.7 70.9 445.6 

DG4 257.4 562.0 57.0 30.5 1730.4 

DG5 254.4 568.8 56.1 42.5 2212.8 

DG6 261.6 578.0 57.4 30.9 1815.6 

SE (N=25) 11.0 12.7 1.5 1.9 88.5 

5% LSD 30.7 35.5 4.1 5.3 247.9 

 

Assessment of genetic diversity in a plant species is vital for 

breeding and development of superior cultivars. The present 

study assessed the variations in Dioscorea bulbifera genotypes 

from different locations in Western Himalayan region. Large 

variations were observed for qualitative traits, quantitative traits 

and the yield components. This significant variability among the 

six Dioscorea bulbifera genotypes is observed due to the 

sources of genotypes from different agro-ecological locations. 
Existence of important genetic variation among D. bulbifera 

accessions from different locations and agro-ecological sites has 

been reported [19]. Morphological and genetic variability has also 

been observed for other Dioscorea species [20, 21]. Variability 

observed in Dioscorea species may be attributed to mutations 

and natural selection in different agro-ecological zones with 
distinct environmental conditions. 

 

4. Conclusions 

Genetic diversity in Dioscorea bulbifera using morphological 

approaches and field evaluation was studied. The study suggests 

wide diversity among Dioscorea bulbifera genotypes grown at 

different agro-ecological sites in Western Himalaya. Desirable 

genotypes with high yield parameters can be selected for 

conservation, and effective utilization for food and medicine. 
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