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ABSTRACT 
 

Dioscorea hispida Dennst produces tuber which possess valuable medicinal properties but unsustainable 
harvesting has led to its reduction. The plant propagates slowly because of its low tuber sprouting rate. In 
average, Dioscorea hispida Dennst tubers took approximately 60 d to break dormancy and sprout. Hence, callus 
culture is proposed as a possible efficient type of culture for manipulation of this species.  In the present 
study, calli were induced from stem segments to evaluate callus culture potential of Dioscorea hispida Dennst. 
Results indicate that the combination of 1 mgL-1 naphthaleneacetic acid (NAA), 1 mgL-1 6- 
benzylaminopurine (BAP) and 0.5 mgL-1 2,4-dichlorophenoxyacetic acid (2, 4-D) in Gamborg (B5) medium 
improved callus multiplication and differentiation in the stem culture as opposed to those in Murashige and 
Skoog (MS) medium. The findings from the present study provide the basis of callus culture protocol for stem 
explant of Dioscorea hispida Dennst with B5 being the more effective basal medium. 
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INTRODUCTION 
 
Dioscorea hispida, also known as ubi gadong in Malaysia is an intoxicating yam species from Dioscoreaceae 
family. This rare and exotic plant is particularly grown in the East Coast region of Malaysia and consumed 
especially during the rainy season (Nashriyah et al., 2011). D. hispida is normally obtained from the wild but can 
be vegetatively planted using either root tuber pieces or as a whole. Depends on the tuber maturity during 
harvest, storage and growth conditions, Dioscorea spp. generally takes a relatively longer period than other 
tuber plants to produce tubers and to mature as seed tubers (Ondo et al., 2015). Regeneration of plantlets 
from this species has been achieved through direct organogenesis using nodal explants (Behera et al., 2008) but 
there is no report on callogenesis on this species. 
The presence of alkaloid in its tubers, called dioscorine, combined with high level of oxalate and cyanogens 
are responsible for its toxic properties (Bhandari & Kawabata, 2005). If consumed untreated, the tubers can 
cause serious health complications such as paralysis of nervous system and diarrhea. It is the toxicity of the 
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tubers that have hampered its value as a commercial crop but recent studies have proven that it also possesses 
numerous medicinal properties. For example, it has been traditionally used to relieve rheumatism symptoms 
(Wagh & Jain, 2014) as well as deworming alternatives (Nashriyah et al., 2012). Congruently, scientific 
evidence on antioxidant, anti-inflammatory, anticancer and analgesic activities have been demonstrated in D. 
hispida leaf and tuber extract (Lim, 2012). D.hispida was shown to be promising in preventing liver fibrosis in 
rats administered orally with dioscin, an active compound abundant in D.hispida tuber extract (Zhang et al., 
2015). However, the tuber extract is lethal in pregnant rats if the dose exceeded 2000 mg/kg body weight 
while a lower dose of 250 mg/kg body weight caused activation of hepatoxicity-related genes (Lokman et al., 
2017). 

 
Callus is a mass of cells formed from various abiotic and biotic stimuli but in vitro, it requires an exogenous 
supply of auxin and cytokinin at a certain ratio. It is generally established that a higher ratio of cytokinin to 
auxin promotes shoot formation, a higher ratio of auxin to cytokinin promotes root formation while high 
levels of both results in formation of callus. Despite (2, 4-Dichlorophenoxyacetic acid) (2,4-D) being pointed 
out as an ultimate callus inducer (George et al., 2008), there is no golden rule for effective callus formation as 
the type of cytokinins or auxins greatly vary between species. Callus culture is capable of producing the same 
types of secondary metabolites as in vivo but in variable amount. For example, callus derived from shoot and 
root of Moringa oleifera Lam (Shank et al., 2013) possessed significantly higher peroxidase activities than those 
of in vivo. On the other hand, in the case of Senecio candicans the reverse was observed as antioxidant activity of 
in vitro leaf was found lower than that of in vivo leaf sample (Hariprasath et al., 2015). However, through 
callogenesis, not only the process can be shortened because the whole plant does not need to be regenerated 
and the number of labor works can be substantially reduced.  

 
The potentially high medicinal benefits offered by D.hispida is hindered by its slow propagation rate and 
toxicity of the tubers it produced. Therefore, a viable and reproducible callus formation protocol for D. hispida 
is desirable as an alternative for this species manipulation. In this study, different basal media augmented 
along with several combinations of plant hormones were evaluated on callus induction of stem explants. The 
callus formed would be useful for further manipulation including callus suspension culture for recovery of 
secondary metabolites.  
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
A total of 304 mature tubers from Besut (N 05° 31-46’, E 102° 29) and Setiu area, Terengganu, Malaysia were 
collected and planted as whole in polybags containing mineral soil, sand, compost (3:2:1) in a greenhouse. 
Misting was occasionally done to induce green sprouting. Earlier sprouted tubers were harvested for stem 
explant and node segments (5 mm) from 40 days old plants were taken from lateral branches. 
 
Sterilization of Explants 
 
Surface sterilization method was modified from Daud et al. (2012). In this method, explants were thoroughly 
washed under running tap water to remove adhering soil before being soaked in tap water for 30 min. The 
explants were then soaked in 0.05% (v/v) Teepol solution for another 30 min and rinsed five times with 
distilled water. The explants were transferred into a conical flask containing 2% (w/v) Benomyl (fungicide) 
solution and the flask was shaken for 30 min. The explants were rinsed five times with distilled water and 
immediately transferred into a laminar air flow. In the laminar air flow, the explants were submerged in 70% 
ethanol for 1 min, rinsed once with sterile distilled water and then soaked in 20% (v/v) commercial bleach 
(Clorox®: sodium hypochlorite, 5.25%) solution for 20 min. Finally, the explants were thoroughly rinsed with 
sterile distilled water. 
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Induction of Callus Formation  
 
Stem segments were cultured either on solidified Murashige & Skoog (MS) or Gamborg (B5) medium 
supplemented with 0.5 mgL-1 2, 4-D and nine combinations of treatments of 1 mgL-1 auxins and 1 mgL-1 
cytokinins (Table 1). 

 
Table 1. Experimental matrix for induction of callus. Treatments are named by alphabets A-I. Abbreviation; BAP = 

6- benzylaminopurine, KIN = kinetin, ZEA = zeatin, IAA = indole-3-acetic acid, IBA = indole-3-butyric acid, NAA = 
1-naphthaleneacetic acid. 

 
Cytokinin 
(1 mgL-1) 

Auxin (1 mgL-1) 

IAA IBA NAA 

BAP A B C 

KIN D E F 

ZEA G H I 

 
For each treatment, nine replicates consisting of six stem segments per replicate were inoculated for callus 
induction and they were incubated at 25 °C in complete dark. Photographs were taken after 30 d of 
inoculation, the morphology of callus was recorded and the mean of callusing percentage was calculated. The 
experiments were performed according to completely randomized design (CRD). 
 
Data Analysis 
 
Observations were performed twice a week and data were recorded for percentage of callus formation. The 
callus morphology was evaluated based on its color and texture. The rate of callus growth was graded by cross 
comparison and represented as (+) symbol. The (+) symbol represents poor callusing, (++) represents 
moderate callusing and (+++) represents profuse callusing. Data were analyzed using one-way Analysis of 
Variance (ANOVA) from SPSS version 12 software. Multiple comparisons were done using Duncan’s 
Multiple Range Test (DMRT). Data were expressed as mean ± SD. Student t-test was performed at p =0.05, 
two-tailed level of significance to test if there was difference in the application of different basal medium. 

 
 
RESULTS AND DISCUSSION 
 
Low tuber sprouting rate suggests the needs for tissue culture intervention  
 
Tubers collected were of various sizes, weighing from 10 to over 1500 g but a vast majority ranged from 100 - 
499 g or medium size. The lack of uniformity in the size of the tubers had a major influence on the success of 
sprouting (Fig. 1). Out of 304 mature tubers planted, only 26 or 8.5% sprouted with the highest percentage in 
tubers of weight less than 100 g. The greater size and weight of tubers are strongly related to increased 
maturity which normally is attributed to decreased duration of dormancy (Otroshy & Struik, 2008) but this 
was not observed in D. hispida as none of the tubers over 1500 g germinated. However, it is erroneous to 
claim that the frequency of sprouting to be weight-dependent as only 4% of larger group size (100-499 g) 
sprouted despite being the group with the highest number of tubers collected.  
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Fig. 1. Germination pattern of D. hispida according to tubers weight (g) 

 
Other factors that may influence variation in germination of tubers planted in a controlled environment such 
as in greenhouse include the number of eyes (germination point) and wounding of the tubers that have 
possibly occurred during handling. Cutting the tubers before planting is a normal practice to accelerate 
sprouting but it may increase the risk of fungal infection. For example, the minisett technique which has been 
practiced in the multiplication of D. alata was proved to be independent of sizes but still require proper 
treatments with fungicides (Ayankanmi et al., 2005).  
 

 
Fig. 2. Protuberance of shoots from sprouting locus (circled). The time taken between photograph a and b is 23 d 

 
In average, D.hispida tubers took approximately 60 d to break its dormancy and sprout (Fig. 2). This is about 
four times longer than important tuber crop like potato but is rather similar with other Dioscorea species like 
D. rotundata (white yam) (Ile et al., 2006) and D. alata (water yam) (Shiwachi et al., 2013). Unlike potatoes, yam, 
in general does not possess any internal or external apical shoot buds but only a layer of meristematic cells 
below the surface of the tuber and this explains the extended dormancy. Essentially, prolonged dormancy 
accounts for economic losses as crop production cycle per year becomes limited and supply becomes 
restricted. Therefore, shortening dormancy has become a priority for breeders but the control of dormancy is 
still poorly understood (Olivier et al., 2012).  
 
 
B5 is more suitable basal media for callus induction 
 
Overall, all treatments were capable of inducing callus in which the calli formed shortly 9 d after incubation. 
The highest mean percentage for callus formation was shown in treatment A/B5 (1 mgL-1 IAA + 1 mgL-1 
BAP) and D/MS (1 mgL-1 IAA + 1 mgL-1 KIN) with 89% callus formation but a more profuse callus growth 
was observed in the former. The lowest mean percentage was shown by treatment I/MS medium (1 mgL-1 
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NAA + 1 mgL-1 ZEA) with only 41% callus formation. Together with treatment E/MS, they were statistically 
low in terms of callus percentage formation (Table 1). In both types of basal media, auxin and cytokinin 
combination as in treatment B and C tended to produce a higher callus growth than the other treatments. 
Both B and C contain BAP suggesting it as an indispensable key regulator to promote its formation.  Behera et 
al. (2008) also used hormone combination as in treatment C but managed to achieve direct shoot 
organogenesis mainly because their treatment was devoid of 2,4-D which is an efficient callus-inducing 
hormone in many plant species (Tahir et al., 2011). Also, the concentration of both hormones were slightly 
different as 2.0 mgL-1 BAP + 0.5 mgL-1 NAA were added instead of 1.0 mgL-1 of each hormone. On the other 
hand, G, H and I combination showed the least favorable condition for callus induction and this is most likely 
caused by the inhibitory effect of ZEA. Similar to other cytokinins, ZEA which is a naturally occurring plant 
hormone isolated from genus Zea functions to promote cytokinesis or cell division but not in this case. 
Likewise, ZEA has also been shown to decrease callus formation in Labisia pumila stem explant at a higher 
concentration (Ling et al., 2013). 
 
Regardless of auxin/cytokinin combinations, all calli in MS medium were clear and soft in appearance (Table 
2, Fig. 3). On the other hand, treatment A, B, D an d F using B5 as basal medium were slightly white with a 
soft and spongy texture. However, none of the treatments produced calli with distinct embryo-like or organ-
like structures observable on their surface (Table 2, Fig. 4).  Except for some treatments, calli formed were 
prone to phenolic browning which tended to appear 15 d after incubation. Exudation of phenolics can lead to 
retardation of cell division and ultimately death of cell and tissues. Some species are prone to browning than 
the others but the common way to resolve this problem is to incorporate antioxidants like ascorbic acid 
(Ndakidemi et al., 2014) and activated charcoal (López-Pérez et al., 2015) in the media preparation. 

 
Table 2. Callusing rate and characteristics of callus produced according to treatments using MS  

and B5 as basal media 

 
 

 
 
 
 
 
 
 

Treatment Percentage of 
callus formation 

(%) (SD) 

Callus color / 
Texture 

Degree of 
callus growth 

MS    
A 76 ± 25 b Clear, soft ++ 
B 87 ± 20 b Clear, soft +++ 
C 84 ± 20 b Clear, soft +++ 
D 89 ± 8 b Clear, soft ++ 
E 54 ± 23 a Clear, soft + 
F 76 ± 17 b Clear, soft + 
G 85 ± 13 b Clear, soft + 
H 75 ± 12 b Clear, soft + 
I 41 ± 18 a Clear, soft + 

 
B5 

   

A 89 ± 12 a White, soft +++ 
B 78 ± 20 a White, soft +++ 
C 72 ± 17 a Clear, soft +++ 
D 69 ± 13 a White, soft +++ 
E 72 ± 22 a Clear, soft +++ 
F 72 ± 19 a White, soft ++ 
G 85 ± 18 a Clear, soft ++ 
H 84 ± 21 a Clear, soft ++ 
I 70 ± 24 a Clear, soft + 

Means denoted with identical letters are not significantly different at P≤ 0.05 Duncan’s 
multiple comparison, n=9. Callus growth rating value= (+) poor, (++) moderate, (+++) 
profuse. 
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Fig. 3. Photographs of calli induced in MS medium using various combinations of auxins and cytokinin at 30 d after 

induction (Table 1). All images were captured under a light microscope at 10X magnification. Scale bar = 2 mm. 

 
 

 

 
 

Fig. 4. Photographs of calli induced in a B5 medium using various combinations of auxins and cytokinin at 30 d after 
induction (Table 1). All images were captured under a light microscope at 10X magnification. Scale bar = 2 mm. 
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Morphological observation and degree of callus formation suggests that callus growth was greater in most 
treatments using B5 as a basal medium, as compared to those using MS medium. Although, there is no 
statistically significant difference between the two media (Student t-test, p > 0.05) there were two treatments 
in the MS experiment which showed statistically low callus formation. The findings is consistent with 
Belarmino and Gonzales (2008) who also found MS as an incompatible medium for their nodal and shoot tip 
culture.   
 
CONCLUSION 
 
The arbitrary pattern of sprouting suggests that callus culture offers an alternative to exploit D.hispida. Based 
on callus morphology, color and growth in stem culture, B5 is more compatible as a basal medium compared 
to MS. Essentially, incorporation of antioxidants is may be desirable to prevent phenolic browning in the 
cultures. 
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