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Yam is common non-traditional expensive foods in Egypt that commercially propagates by tubers. To 
overcome long dormancy problem and obtain free disease tubers, in vitro culture techniques are 
commonly applied. Therefore, a sufficient protocol for in vitro plantlet regeneration of Dioscorea 
rotundata using nodal segment culture has been used. Different concentrations of BA alone or in 
combination with 0.5 mg/l of NAA have been tested to alter proliferation and regeneration of nodal 
cutting excised from D. rotundata micro-shoots during 2016 and 2017 seasons. Our results indicate that 
supplying MS medium with 2mg/l of BA +0.5mg/l of NAA presented the highest survival ratio (92.3 %)if 
compared to other shoot induction treatments. Moreover, better number of leaves and nodes were 
obtained with1.5 mg/l BA+ 0.5 mg/l NAA treatment. On contrast, maximum leaves area and number of 
roots were obtained with MS basal medium. For root induction, in vitro shoots resulted from BA (1.5 
mg/l) and 0.5mg/l NAA treatment were excised and cultured on MS basal medium supplemented 
individually with IAA, IBA and NAA at 0.5 mg/l. Our results reveal that BA (1.5 mg/l) + (0.5 mg/l) NAA 
alters D. rotundata shoot induction if compared to other treatments. However, culturing shoots of D. 
rotundata on 0.5 mg/l NAA found to increase root formation for commercial acclimatization processes. 
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INTRODUCTION 
Dioscorea rotundata,belongs to the Dioscorea 
genus that includes 600 species, is known as yam 
(Huber, 1998).In semi-arid regions, yam has two 
major challenges limiting its sufficient production, 
long dormancy (Ile et al. 2006) and lack uniform of 
germinated seeds(Donnelly et al. 2003). 
Traditionally, yam propagates by tubers (Aighewi 
et al. 2015). Thus, pests and pathogens would 
contaminate tubers across propagation procedure 
(Lebot, 2009). Recently, in vitro culture technique 
proved to overcome problems of dormancy, virus 
and fungal diseases (Das et al. 2013), which 
provide yam market with enough tubers for 
sustainable production and adequate yield for 
human consumption as well. Many researchers 
successfully propagated yam in vitro using nodal 
segment as explants (Jova et al. 2011 and Asha 

et al. 2016). Furthermore, plant growth regulators 
have positive effect on initiation of aseptic culture 
(Adeniyi et al. 2008). In this respect, Obssi et al 
(2015) recorded the highest shoot induction of D. 
japonica with medium contains mixture of 0.2μM 
BA + 0.1μM NAA. Notably, increasing BA 
concentration up to 0.44 μM resulted in higher 
number of nodes, shoots and fresh weight of 
Japanese yam (Kadota and Niimi 2004). In 
connection, Mahesh et al. (2010) observed better 
shoot formation of D. wighti with all tested growth 
regulators of BA, Kinetin and 2iP. For rapid in vitro 
propagation, Chen et al. (2003) developed a 
protocol for D.zingiberensis using stem as 
explants. The authors reported that 4.4μM 
BA+1.1μMNAA accelerated shoots production 
from nodal segments within 20 days, while4.9μM 
IBA found to promote callus and root initiation. 
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Poornima and Ravishankar (2007) used nodal 
segments to propagate D. oppositifolia and D. 
pentaphylla. The authors observed multiple 
shooting on MS medium supplied with 8.8 μM BA 
and 0.3% activated charcoal, while rooting was 
detected in MS medium supplemented with 2.67 
μM IBA. To regenerate plantlet of D. oppositifolia, 
Behera et al. (2009) cultured nodal segment on 
MS medium supplemented with BA and NAA. The 
best shoot proliferation was observed in MS + 
2mg/l kinetin + 1.0mg/l BA + 0.5mg/l NAA + 100 
mg/L ascorbic acid, whereas half strength MS 
supplemented with 2.0mg/l NAA found to improve 
root formation. The D-571 medium, supplied with 
1.5% manitol +1mg/l BA + 2g/l activated charcoal, 
showed 100% regeneration of D. rotudata 
explants. This study provides a suitable protocol 
for in vitro plantlet regeneration of D. rotundata 
using nodal segment culture. This work provides 
large-scale free-disease plantlets to meet purpose 
of yam conservation and domestication under 
Egyptian conditions. 
 
MATERIALS AND METHODS 

Plant materials 
Mature Dioscorea rotundata tubers were obtained 
from the Federal Ministry of Agriculture and Rural 
Development (FMARD), Nigeria. Each tuber was 
divided into five fragments and cleaned under 
running tap water (Fig.1 A). Fragments were 
cultured in plastic pots contain sterile peatmoss. 
One month later, apex was differentiated into 
stem includes 10-16 nodes. Node cuttings were 
cut from stems for sterilization. Briefly, cuttings 
washed in tap water and liquid soap, immersed in 
70% ethanol for 1 min and surface sterilized in 5% 
of NaOCl contains two drops of Tween 20 for 15-
20 minutes, with continuous agitation (Fig1.B). 
Growing medium was adjusted to 5.8 pH and 
autoclaved at 121°C for 20 min. Cultures were 
incubated at 25°C and 3000 Lux 16/8 h light/dark 
for two months. 
 

 

 
 
 
Fig. 1. Tubers of D. rotundata (left) and 
sterilized nodal segments (right). 

Shoot and root proliferation 
Nodal segment was cultured in MS (Murashige 
and Skoog, 1962) supplemented with different 
concentrations of a-naphthalene acetic acid (NAA) 
and benzylaminopurine (BA). Activated charcoal 
(AC) 2 g/l was added to prevent browning. For 
shoot induction, single application of BA was 
applied to MS medium at 0.5 and 1mg/l. In 
addition, 0.5mg/l NAA combined with 0.5, 1, 1.5 
and 2mg/l BA were tested. Free hormone MS 
medium was used as control. Survival ratio, shoot 
length, number of leaves and roots, root length 
per explant and fresh weight of plantlet were 
recorded at 60 days after shoot initiation. For root 
induction, nodal cuttings of in vitro D. rotundata 
were cultured on MS supplemented with single 
concentration (0.5 mg/l) of IAA, IBA and NAA. 
One month after sub-culturing, rooting ratio, root 
length and number per explants were recorded.  

Acclimatization 
Single rooted plantlets were transferred to sterile 
poly pot (2.5 cm) filled with peat moss+ 
vermiculite (1:1). Pots were placed in growth room 
at 28°C with 70-80% relative humidity. After 3 
weeks, shoots were shifted to larger pots (8 cm) 
contain mixture of soil and vermiculite (1:1). For 
acclimatization, pots were kept at plastic house for 
3 weeks. Plants were irrigated with ¼ MS solution 
3 days intervals.  

Statistical Analysis  
 Factorial complete randomized design 
with three replications was used for data analysis. 
Means were compared by least significant 
difference (L.S.D) according to Snedecor and 
Cochran (1994). 
 
RESULTS  
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Analysis of morphology of micro propagated 
shoots 

 This study was carried to establish an optimal 
regeneration protocol of D. rotundata via nodal 
segment culture using different concentrations of 
BA and NAA at lab of department of vegetable 
crops, Faculty of Agriculture, Cairo University. 
Different growing medium were formed to asses 
survival ratio, plant height, number of leaves, total 
leaf area, number of nodes and roots as well as 
root length of D. rotundata. As shown in Table 1, 

the highest survival ratios 89.8 and 92.3 % were 
obtained with 1.5 and 2m/l BA +0.5mg/l NAA, 
respectively. Regarding plant height, 1mg/l BA + 
0.5mg/l NAA produced taller plantlets with longer 
internodes than other concentrations. Maximum 
number of leaves and nodes were recorded with 
1.5m/l BA +0.5mg/l NAA. On contrast, control 
revealed higher leaf area and number of roots if 
compared to other treatments. In addition, 
minimum single concentration of BA (0.5 mg/l) 
presented the longest roots.  

 
 
Table 1.Effect of different BA concentrations on shoot proliferation of D. rotundata 

Concentration 
Survival 

% 

Plant 
height 
(cm) 

Number 
of leaves 

Leaves 
area 

Number 
of nodes 

Number 
of roots 

Root 
length 
(cm) 

Control 35.0 d 8.2 b 6.8 d 14.1 a 4.7 d 5.0 a 0.7 b 

0.5mg/l BA 66.3c 4.5 de 8.1 bc 11.4 b 4.9 d 4.0 b 2.2 a 

1mg/l BA 73.4 b 5.4 cd 8.8 b 6.6 c 8.0 b 0.0 c 0.0 c 

0.5mg/l BA+0.5 
mg/l NAA 

62.2 c 8.1 b 6.4 b 
7.5 c 8.3 b 0.0 c 0.0 c 

1mg/l BA+0.5 mg/l 
NAA 

73.6 b 13.7 a 8.5 b 
5.2 d 6.3 c 0.0 c 0.0 c 

1.5mg/l BA+0.5 
mg/l NAA 

89.8 a 6.1 b 11.2 a 
3.9 e 10.0 a 0.0 c 0.0 c 

2mg/l BA+0.5 mg/l 
NAA 

92.27 a 3.50 e 9.04 b 
3.50 e 8.30 b 0.00 c 0.00 c 

L.S.D 6.46 1.33 0.84 1.07 1.45 0.91 0.54 

*Values marked with the same letter (s) are statistically similar using Revised L.S.D test at P = 0.0 
 
Table 2.  Effect of NAA, IAA and IBA on root proliferation of D. rotundata resulted from 1.5mg/l 
BA+0.5 mg/l NAA treatment 

Concentration 
(mg/l) 

Rooting 
% 

Root 
length (cm) 

Number 
of roots 

Control 83.3 b 2.9 b 3.6 b 

0.5 IBA 80.8 b 4.3 b 3.9 b 

0.5 IAA 93.3 a 3.0 b 2.5 b 

0.5 NAA 90.2 a 8.9 a 8.5 a 

L.S.D  3.21 1.57 2.10 

*Values marked with the same letter (s) are statistically similar using Revised L.S.D test at P = 0.05 
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Fig.2. Regenerated D. rotundata plantlets 
resulted from single node cutting under 
acclimatization conditions (left - middle), and 
30 days old shoot grown under filed 
conditions (right) 

Root initiation 
For rooting experiment, well-developed 

shoots, resulted from 1.5mg/l BA+0.5 mg/l NAA 
were excised from the shoot clumps and 

transferred to MS media+2 g/l (AC) containing 0.5 
mg/l of IBA, IAA or NAA, individually. Rooting 
percentage presented the highest significant 
increase 93.3 and 90.2 % with IAA and NAA, 
respectively, when compared to control. 
Moreover, number of roots and root length 
showed significant increase with NAA compared 
to other treatments (Table. 2).  

 

Acclimatization and field establishment 
 Rooted plantlets were transferred to the 
greenhouse within 3-4 weeks. Plants reached 8 -
10 cm height within 6 weeks (Fig. 2). The 
acclimatized plants were established in field 
condition without any morphological variation 
DISCUSSION 
Success of tissue cultural much depends on the 
selected growth regulators in culture medium. 
Nevertheless, survival and multiplication ratio are 
a key factors that determine best concentration of 
chosen growth regulators. In particular, root and 
shoot initiation, callus formation and differentiation 
are closely regulated by the relative concentration 
of Auxins and Cytokinin in the growth medium 
(OndoOvono et al. 2009). In this work, different 
concentrations of BA found to affect regeneration 
and development of D. rotundata(Tab.1). Lower 
single application of BA (0.5 or 1mg/l) alone or in 
combination with 0.5 1mg/l NAA to MS medium 
stimulated D. rotundata survival ratio if compared 
to MS free medium. Likewise, 0.5 mg/l of BAP 
reported to increase number of leaves of two 
Dioscorea varieties, Kounondakou and Gnon-
boya. (Ahanhanzo et al. 2010). However, the 
capability of BA to break bud dormancy and 
stimulate shoot multiplication has been reported in 
micro propagated D. batatas (Koda and Kikuta, 
1991), D.composita (Alizadeh et al. 1998), D. flo-
ribunda (Borthakur and Singh, 2002) and 
D.opositifolia (Behera et al. 2009). Moreover, 
mixing 0.5mg/l of NAA with higher BA 
concentrations (1.5 and 2 mg/l) increased survival 
ratio up to 89.9 and 92.3 %, respectively. 
Whereas, a comparatively lower response was 
recoded when BA was added alone in the 
medium. In connection, Ramierez-Magon et al. 
(2001) reported that combinations of BAP and IAA 
increased shoot multiplication of Spathiphyllum 
floribundam from 1.8 to 11.6 shoots per explant. 
Furthermore, combination in the range of 0.5-2.0 
mg/l BA and 0.5-2.0 mg/l NAA has been reported 
to improve micro-tuber induction of D. nipponica 
Makino (Chen et al. 2007). In this respect, it can 
be concluded that interaction of BA and NAA 
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plays important role for in vitro propagation of 
nodal explant for multiple shoot induction. 
Therefore, Chen et al. (2003) reported that 
supplementing MS medium with 1.0 mg/l NAA and 
0.5-1.0 mg/l BA was the best concentration for 
multiple shoot bud induction in D. opposita. 
Similarly, Adeniyi et al. (2008) indicates that 
addition of NAA in the culture medium improves 
the response of D. rotundatain terms of shoot 
growth. The author found that shoot regeneration 
was increased up to 75% with 0.1 μM NAA + 0.20 
μM BAP. Data in Tab. 1 shows an increase in 
number of leaves and nodes up to 11.2 and 10.0, 
respectively, per plantlet at combination of1.5 and 
2.0mg/l BA+0.5mg/l NAA, respectively, if 
compared to lower BA concentrations. Meanwhile, 
1mg/l BA+0.5mg/l NAA was more efficient to 
produce taller plants than 1.5 or 2.0 mg/l BA 
concentrations (13.7, 6.1 and 3.5 cm), 
respectively. This results are in harmony with Yan 
et al. (2011) who reported significant higher shoot 
length of D. fordii in MS basal medium 
supplemented with 1.0 mg/ l BAP, 0.1 mg /l NAA, 
30 g/ l sucrose and 1.5 g /l AC (activated 
charcoal). On contrast, both free MS medium and 
the minimum BA concentration (0.5 mg/l) reveal 
better leaf area 14.1 and 11.4 cm, respectively. 
Meanwhile, adding0.5mg/l NAA to different BA 
concentrations didn’t affect root length or number. 
While, single applications of BA (0.5mg/l) altered 
root morphology than MS control. Regenerating 
yam shoots with higher number of roots is an 
important factor that affects acclimatization stage. 
To address which growth regulator is preferred for 
rooting under our condition. Plantlets resulted 
from 1.5 mg/l BA +0.5mg/l NAA were treated with 
three different individual hormones at 0.5 mg/l. 
Results in Tab. 2 show that addition of NAA was 
the best growth regulator for root formation. 
Behera et al. (2008) got better rooting of in vitro 
Dhinjilicatu raised shoot-lets with ½ strength MS 
basal medium + 2mg/l NAA+ 2g/l AC. For rooting, 
Poornima and Ravishankar (2007) reported the 
most efficient rooting of D. oppositifolia and D. 
pentaphylla at MS medium supplied with 2.67μM 
NAA after 30 days. 
 
CONCLUSION 
This protocol recommends using 1.5 mg/l BA of 
BA to break D. rotundata dormancy and stimulate 
shoot induction, obtains maximum node and 
subsequent cut nodal segment. To improve root 
formation for acclimatization, shoots were cultured 
on media supplemented with  0.5 mg/l NAA. 
  

CONFLICT OF INTEREST 
The present study was performed in absence of 
any conflict of interest. 
 
ACKNOWLEGEMENT 
We thank Faculty of Agriculture and department of 
vegetable crops for financially supporting this 
research. 
 
AUTHOR CONTRIBUTIONS 
All authors contributed equally in all parts of this 
study. 
 

Copyrights: © 2017 @ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Adeniyi O.J., Adetimirin V.O., IngelbrechtI. 

&AsieduR. 2008.Shoot and plantlet 
regeneration from meristems of Dioscorea 
rotundataPior and Dioscore aalata L. African 
J. Biotech.7(8):1003-1008. 

Ahanhanzo C., Gandonou C.B., Agbidinoukoun 
A., Dansi A. &Agbangla, C. 2010. Effect of 
two cytokinins in combination with acetic acid 
naphthalene on yams (Dioscorea spp.) 
genotypes response to in vitro 
morphogenesis. African J. Biotech.(51):8837-
8843. 

Aighewi B.A., Asiedu R., Maroya N.&Balogun 
B.2015. Improved propagation methods to 
raise the productivity of yam (Dioscorea 
rotundata Poir.) Food Sec. 7:823–834. 

Alizadeh S., Mantell S.H. &Viana A.M. 1998. In 
vitro shoot culture and micro-tuber induction 
in the steroidal yam Dioscorea composite 
Hemsl. Plant Cell, Tissue and Organ 
Culture.53: 107-112. 

Asha K.I., Sheela M.N&Devi A.A. 2016. In vitro 
propagation of endemic wild edible yams of 
Western Ghats - the hotspot of global 
biodiversity and its conservation in India. 
Acta Hortic. 1118: 207-216. 

Behera K.K., Sahoo S., &Prusti A. 2009. 
Regeneration of plantlet of water yam 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Taha and Abdelaziz                                                                                                            In vitro propagation of yam 

 

    Bioscience Research, 2017 volume 14(4): 1217-1222                                                             1222 

 

(Dioscorea oppositifolia L.) through in vitro 

culture of nodal segments. Not. Bot. Hort. 
Agrobot. Cluj. 37:94-102.  

Behera K.K., Sahoo S.&Prusti A. 2008. Efficient in 
vitro micropropagation of greater yam 
(Dioscorea alataL.cv. Hinjilicatu) through 
nodal vine explants. Indian J. Plant Physiol. 
14:250-256. 

Borthakur M. &Singh R.S. 2002. Direct plantlet 
regeneration from male inflorescences of 
medicinal yam (Dioscorea floribunda Mart. & 
Gal.). In Vitro Cell. Dev. Biol. Plant. 38:183-
185. 

Chen F. Q., Fu Y., Wang D.L., Gao X. &Wan G.L. 
2007. The effect of plant growth regulators 
and sucrose on micropropagation and 
microtuberization of Dioscorea napponica 
Makino.J. Plant GrowthRegulator.26: 38-45. 

Chen Y., Fan J., Yi F., Luo Z.&Fu Y. 2003.Rapid 
clonal propagation of Dioscorea 
zingiberensis. Plant Cell, Tissue and Organ 
Culture.73:75-80.  

Das S., M. D. Choudhury M.D. &Mazumdar 
P.B.2013. Micropropagation of Dioscore 
aalata L. through nodal segments. African J. 
Biotech. 12(47): 6611-6617. 

Donnelly D.J., Coleman W.K. &Coleman S.E. 
2003. Potato micro-tuber production and 
performance: a review. Am. J. Potato Res. 
80:103-115. 

Ile E.I., Craufurd P. Q., Battey N. H. &Asiedu R. 
2006. Phases of Dormancy in Yam Tubers 
(Dioscorea rotundata). Ann Bot. 97(4): 497-
504.  

Huber H. 1998. Dioscoreaceae in the families and 
genera of vascular plants.vol. iii. Flowering 
plants. Monocotyledonslilianae (except 
Orchidaceae).Ed. KKubitzki.Pp 216-235. 
Springer-Verl. Berlin, Heidelberg, New York. 

Jova M.C., Kosky R.G. &Cuellar E.E. 2011. Effect 
of liquid media culture systems on yam plant 
growth (Dioscorea alata L.’PacalaDuclos’). 
Biotech. Agron. Soc. Environ. 15:515-521.  

Kadota M. &Niimi Y. 2004. Improvement of 
micropropagation of Japanese yam using 
liquid and gelled medium culture. Sci. Hort. 
102:461-466. 

Koda, Y. &Kikuta Y. 1991. Possible involvement 
of jasmonic acid in tuberization of yam 
plants. Plant Cell Physiol. 32:629-633. 

Lebot V. 2009.Tropical root and tuber crops 
cassava,sweet potatoes, potatoes, yams and 
aroids. Crop Production Science in 
Horticulture Series.17.pp. 432 

Mahesh R., Muthuchelian K., Maridass M. &Raju 

G. 2010. In vitro propagation of wild yam, 
Dioscorea wightii through nodal cultures. Int. 
J. Bio. Tech.1:111-113. 

Murashige T. &SkoogF. 1962. A revised medium 
for rapid growth and bio assays with tobacco 
tissue cultures. Physiol. Plant.15:473-497. 

Obssi D., Kassahun B. &Mulugeta D.2015. Effect 
of different combination of plant growth 
regulator on in vitro propagation of yam 
(Dioscorea species). J. App. Biotech.3 
(2):20-40.  

OndoOvono P., Kevers C. &Dommes J. 2009. 
Effects of reducing sugar concentration on in 
vitro tuber formation and sprouting in yam 
(Dioscorea cayenensis- D. rotundata 
complex). Plant Cell, Tissue and Organ 
Culture. 99:55-59.  

Poornima G.N. &Ravishankar R.V.2007.In vitro 
propagation of wild yams, Dioscorea 
oppositifolia (Linn) and Dioscorea 
pentaphylla (Linn). African J. Biotech. 
6(20):2348-2352. 

Snedecor G. A. &Cochran W. G. 1994. Statistical 
Method. Iowa State Univ. Press, Ames. 

Yan H., Yang L. &Li, Y. 2011. Axillary shoot 
proliferation and tuberization of Dioscorea 
fordi Prain e t Burk.Plant Cell, Tissue and 
Organ Culture.104:193-198. 

 
 
 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2803652/

