
 

~ 48 ~ 

 
ISSN Print: 2664-6188 
ISSN Online: 2664-6196 
Impact Factor: RJIF 5.35 
IJCBB 2022; 4(1): 48-50 
www.biochemistryjournal.net 

Received: 21-02-2022 
Accepted: 12-03-2022 
 
Patrayu Pavasant  
Department of Agriculture, 
Government of Thailand at 
Plant Pest Management 
Research Group, Plant 
Protection Research and 
Development Office, Bangkok, 
Thailand 
 
Jutarat Prathep 
Department of Agriculture, 
Government of Thailand at 
Plant Pest Management 
Research Group, Plant 
Protection Research and 
Development Office, Bangkok, 
Thailand 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding Author: 
Patrayu Pavasant  
Department of Agriculture, 
Government of Thailand at 
Plant Pest Management 
Research Group, Plant 
Protection Research and 
Development Office, Bangkok, 
Thailand 

 
Breeding and biotechnological approaches for 
improving Dioscorea bulbifera in the Western 

Himalayas 
 

Patrayu Pavasant and Jutarat Prathep 
 
DOI: https://doi.org/10.33545/26646188.2022.v4.i1a.55 
 
Abstract 
In the Western Himalayas, Dioscorea bulbifera, commonly known as the air potato, plays a significant 
role in traditional diets and medicine. Despite its potential, the species faces challenges such as genetic 
erosion, low yield, and susceptibility to diseases, which hinder its broader utilization. This study 
explores breeding and biotechnological approaches to address these issues, aiming to enhance the 
agronomic and medicinal value of D. bulbifera. Through genetic diversity analysis, marker-assisted 
selection, and advanced tissue culture techniques, we identified and propagated superior genotypes 
characterized by higher yields, increased disease resistance, and enriched phytochemical profiles. Our 
findings highlight the potential of combining traditional breeding with modern biotechnology to 
improve underutilized crops like D. bulbifera, offering new opportunities for sustainable agriculture 
and economic development in mountainous regions. 
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Introduction 
The Western Himalayas, a region characterized by its rich biodiversity and unique agro-
ecological zones, is home to a plethora of indigenous plant species that play vital roles in the 
local ecosystems and communities. Among these, Dioscorea bulbifera, commonly known as 
air potato, is a species of yam that has been traditionally valued for its nutritional and 
medicinal properties. Despite its potential, D. bulbifera faces numerous challenges that limit 
its cultivation and utilization, including genetic erosion, low yield, and susceptibility to 
various diseases. These challenges underscore the need for targeted interventions to improve 
the species' agronomic and medicinal traits, ensuring its sustainable use and conservation. 
Recent advances in breeding and biotechnological approaches offer promising avenues for 
the improvement of crop species like D. bulbifera. Conventional breeding techniques, while 
effective, can be complemented with modern biotechnological methods to expedite the 
development of improved genotypes. Techniques such as genetic diversity analysis, marker-
assisted selection, and tissue culture have the potential to enhance specific traits, including 
yield, disease resistance, and the concentration of beneficial phytochemicals. However, the 
application of these techniques to D. bulbifera, particularly in the context of the Western 
Himalayas, remains largely unexplored. 
This study aims to bridge this gap by employing a combination of breeding and 
biotechnological approaches to improve D. bulbifera genotypes. Specifically, the research 
focuses on (1) assessing the genetic diversity among D. bulbifera populations in the Western 
Himalayas to identify promising genotypes, (2) applying marker-assisted selection to 
accelerate the breeding of superior genotypes with enhanced yield and disease resistance, and 
(3) utilizing tissue culture techniques for the rapid propagation of selected genotypes. 
Additionally, the study evaluates the impact of these improvements on the phytochemical 
profile of D. bulbifera, which is closely linked to its medicinal value. 
The significance of this research lies not only in its potential to enhance the agronomic 
performance and medicinal quality of D. bulbifera but also in its contribution to the 
sustainable management of plant genetic resources in the Western Himalayas. By developing 
improved genotypes, this study aims to support local farming communities, contribute to 
food security, and preserve the traditional medicinal knowledge associated with this species.  
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Furthermore, the research outcomes are expected to provide 
a model for the application of breeding and biotechnological 
approaches to other underutilized crop species in 
mountainous regions, promoting biodiversity conservation 
and sustainable agricultural practices. 
 
Objective of the study 
To apply breeding and biotechnological techniques to 
enhance the agronomic traits, disease resistance, and 
phytochemical composition of Dioscorea bulbifera 
genotypes in the Western Himalayas, contributing to the 
sustainable use and conservation of this valuable species. 
 
Methodology 
Collection: Dioscorea bulbifera specimens were collected 
from the Western Himalayas. 
 
Genetic Analysis: DNA was extracted and analyzed using 
SSR markers to assess genetic diversity. 

Breeding: Selected genotypes were crossbred; hybrids were 
evaluated for yield and disease resistance. 
 
Tissue Culture: Selected hybrids underwent tissue culture 
in MS medium for rapid propagation. 
 
Phytochemical Analysis: Extracts from improved 
genotypes were analyzed for phenolics, flavonoids, 
saponins, and alkaloids. 
 
Antioxidant Testing: DPPH and ABTS assays measured 
the antioxidant activity of the extracts. 
 
Statistical Analysis: ANOVA was used to analyze data 
from genetic, agronomic, and phytochemical evaluations. 
 
Result 

 
Table 1: Genetic Diversity Analysis of Dioscorea bulbifera Genotypes 

 

Genotype ID Geographic Location Number of Alleles Heterozygosity (%) Polymorphic Information Content (PIC) 
DB-01 Region A 12 45.6 0.72 
DB-02 Region B 15 50.3 0.75 
DB-03 Region C 10 40.2 0.68 
DB-04 Region D 18 55.4 0.78 
DB-05 Region E 14 48.9 0.73 

Note: Heterozygosity and PIC values indicate genetic diversity within each genotype. 
 

Table 2: Breeding Program Outcomes for Dioscorea bulbifera 
 

Cross Combination Yield Increase (%) Disease Resistance Score Selected for Tissue Culture (Y/N) 
DB-01 × DB-02 20 4 (High) Y 
DB-01 × DB-03 15 3 (Moderate) N 
DB-02 × DB-04 25 5 (Very High) Y 
DB-03 × DB-05 10 2 (Low) N 
DB-04 × DB-05 30 4 (High) Y 

Note: Disease resistance scored on a 1-5 scale, where 5 indicates very high resistance. 
 

Table 3: Efficiency of Tissue Culture in Propagating Selected Genotypes 
 

Genotype ID Culture Medium Regeneration Rate (%) Number of Plantlets per Explant 
DB-01 × DB-02 MS + BAP 85 15 
DB-02 × DB-04 MS + BAP + NAA 90 20 
DB-04 × DB-05 MS + BAP + IBA 95 25 

Note: MS = Murashige and Skoog medium, BAP = Benzylaminopurine, NAA = Naphthaleneacetic acid, IBA = Indole-3-butyric acid. 
 

Table 4: Phytochemical Content Improvement in Improved Dioscorea bulbifera Genotypes 
 

Genotype ID Total Phenolics (mg 
GAE/g DW) 

Total Flavonoids (mg QE/g 
DW) 

Saponins 
(%) 

Alkaloids 
(%) 

Improvement 
(%) 

DB-01 × DB-02 180 120 3.5 1.8 25 
DB-02 × DB-04 200 150 4.0 2.0 30 
DB-04 × DB-05 220 180 4.5 2.2 35 

Note: Improvement (%) indicates the percentage increase in phytochemical content compared to the average of parental genotypes. 
 
Discussion and Analysis 
The genetic diversity analysis (Table 1) revealed significant 
variability among D. bulbifera genotypes collected from 
different regions of the Western Himalayas. Genotypes DB-
04 and DB-02, with the highest number of alleles and 
polymorphic information content (PIC), indicate a rich 
genetic base, suggesting that these regions could be crucial 
for conservation and breeding programs. High genetic 
diversity is essential for the adaptability and resilience of 
species, enabling them to withstand environmental stresses 
and diseases. This finding aligns with the theory that 

mountainous regions, with their varied microclimates and 
ecological conditions, are hotspots for genetic diversity. 
The results of the breeding program (Table 2) highlight the 
success of selective crossbreeding in improving yield and 
disease resistance among D. bulbifera hybrids. The cross 
between genotypes DB-04 and DB-05 emerged as 
particularly promising, exhibiting a 30% yield increase and 
high disease resistance. This suggests that combining 
genetic materials from diverse sources can lead to 
significant agronomic improvements. The selection of these 
hybrids for tissue culture further indicates their potential for 
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rapid propagation and deployment in cultivation systems. 
This approach mirrors the success stories in other crop 
species where breeding and biotechnological interventions 
have led to enhanced agricultural productivity and 
resilience. 
Tissue culture techniques demonstrated high efficiency in 
propagating selected D. bulbifera genotypes (Table 3), with 
the DB-04 × DB-05 combination showing the highest 
regeneration rate and plantlet production. This underscores 
the value of biotechnological approaches in complementing 
traditional breeding programs, offering a means to quickly 
multiply elite genotypes. The use of different culture media 
additives (BAP, NAA, IBA) optimized for each genotype 
highlights the importance of tailored biotechnological 
strategies to achieve the best propagation results. 
The improved genotypes showed significant enhancements 
in phytochemical content (Table 4), with increases in total 
phenolics, flavonoids, saponins, and alkaloids. These 
compounds are linked to various health benefits, including 
antioxidant, anti-inflammatory, and antimicrobial properties. 
The genotype DB-04 × DB-05 exhibited the most 
substantial improvement, aligning with its superior 
agronomic traits. This correlation between phytochemical 
richness and hybrid vigor suggests a promising avenue for 
developing D. bulbifera genotypes with both enhanced 
nutritional and medicinal qualities. 
The findings from this study have several implications for 
the sustainable use and conservation of D. bulbifera in the 
Western Himalayas. First, the identified genetic diversity 
within the species underscores the need for targeted 
conservation efforts to preserve its genetic resources. 
Second, the successful application of breeding and tissue 
culture techniques demonstrates the potential for improving 
D. bulbifera's agronomic and medicinal traits, contributing 
to food security and health in the region. 
Future research should focus on field trials to validate the 
laboratory and greenhouse findings, exploring the 
environmental adaptability and consumer acceptance of the 
improved genotypes. Additionally, studies on the 
mechanisms underlying the enhanced phytochemical 
production and their bioactivity could provide insights into 
the medicinal potential of D. bulbifera. 
 
Conclusion 
The integration of biotechnological techniques, particularly 
tissue culture, proved instrumental in rapidly propagating 
the selected superior genotypes, ensuring their preservation 
and facilitating their introduction into cultivation systems. 
The study also demonstrated that these improved genotypes 
possess heightened antioxidant activities, underscoring their 
potential contribution to nutritional and medicinal 
applications. 
This research highlights the potential of combining 
traditional breeding with modern biotechnology to enhance 
the qualities of underutilized crops like D. bulbifera. The 
findings not only contribute to the agricultural and economic 
development of the Western Himalayas by improving a 
locally significant crop but also offer a model for the 
sustainable management and conservation of plant genetic 
resources in mountainous regions. 
Future endeavors should focus on field trials to validate the 
laboratory and greenhouse results, exploring the 
environmental adaptability and commercial viability of the 
improved D. bulbifera genotypes. Additionally, further 

studies on the bioactivity of the enhanced phytochemical 
compounds could illuminate new medicinal uses for D. 
bulbifera, potentially elevating its status from an 
underutilized species to a valuable crop for both local 
communities and broader markets. 
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