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Yam production is constrained by scarcity of clean seed, pests, diseases and low soil fertility in the
informal seed system, which is still operational, causing up to 90% vyield losses. Although meristem
culture can be effective for producing healthy seed yam, its use is limited by slow rate of regeneration
and propagation in conventional tissue cultures. In most crops tested, temporary immersion bioreactor
systems (TIBS) increased propagation rates. To determine the potential of TIBs in improving the yam
seed system, 23 databases were consulted and three returned a total of eight publications with only 2
for Dioscorea rotundata-cayenensis. Both plantlets and microtubers can be produced in TIBs, which
will facilitate production of quality breeder, foundation and certified seeds and fast-track genetic
improvement and the evolution of a formal from informal seed production system. Control of
contamination, direct use of field explants, culture of micro-explants like immature embryos and
anthers, increasing the size of microtubers produced and standardization for various economically
important yam genotypes are knowledge gaps that require immediate research attention. No report has
put a cost on yam TIBs, but it will be necessary to use cost-effective TIBs to encourage integration
public-private partnerships into emerging formal seed system.
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CLONAL PROPAGATION AND BIOREACTORS

Traditionally, the multiplication of genetically identical tuber portions has been applied to yam for ages,
individuals by asexual methods, otherwise known as preserving traits of selected genotypes. Micropropagation
clonal propagation, is achieved by cuttings, grafting, and clonal propagation which utilize plant tissue culture

layering and tuber portions, among others. The use of techniques in a closed, sterile container however occur
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within the laboratory environment. These methods are
now being applied industrially for numerous crops (Yam
and Arditti, 2009). In the case of yam, reports on
micropropagation include organogenesis from pre-formed
meristems, immature leaves and nodal culture, and
microtuber formation (Balogun and Gueye, 2013).
However, yam meristem cultures took more than 1 year
to regenerate in some cultures. In conventional micro-
propagation, frequent sub-culturing also increases labour
costs while small size of culture container (hence
nutrients) and insufficient aeration (Ziv, 1991) results in
fragile plantlets (Ziv et al., 1998) and sub-optimal
propagation rates. The need to improve on these
systems caused the emergence of the bioreactor
technology.

Bioreactor technology is an advanced tissue culture -
an enclosed sterile environment provided with inlets and
outlets for air flow under pressure. In most crops tested,
better growth performance due to better aeration was
reported compared to continuous immersion in medium.
Several bioreactor systems have been successfully
applied for cultivation of differentiated plant in vitro
systems (Steingroewer et al., 2013), including liquid-
phase (stirred tank, airlift and connective flow
bioreactors), gas-phase, hybrid bioreactors, and Tem-
porary Immersion Bioreactor systems (TIBs). The TIBs'
are uniquely able to provide lower level of shear stress
and significantly reduce shoot hyperhydricity culminating
in increased productivity. In TIBs, there is timed
immersion of plant tissues in liquid medium to allow for
culture aeration, which circumvents limitations associated
with conventional tissue culture.

THE MAJOR
PRODUCTION

CHALLENGE OF SEED YAM

In spite of its status as a staple and source of livelihood in
West Africa, (FAO, 2013), yam production is still sub-
optimal. The major pre-requisites for enhanced yam
productivity and storability are high quality seeds of
improved genotypes. However, quality seed yam is
scarce. This is a consequence of the slow rate of propa-
gation (less than 1:10 compared to 1:200 in some
cereals) (Mbanaso, 2011) which is also vegetative,
encouraging a build-up of an array of fungal, nematode,
bacterial and viral diseases and pests.

The situation is further complicated by lack of a formal
seed system which has a functional regulatory structure,
such that there is scarcity of certified and quality declared
seeds. Yam production therefore revolves quite repeatedly,
around the use of mixed, undelineated genotypes, pre-
infected seed yam and farmlands, causing a build-up of
an array of diseases (Winch et al., 1984). This leads to
50 to 90% vyield reduction. Consequently, there is a
significant demand for clean seed in a market driven
seed system and 50 to 70% of production costs (Nweke
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et al.,, 1991; Agbaje et al., 2005; Ironkwe, 2005; Coyne,
2010) is spent on purchase of seed.

Other constraints include shrinking land area due to
flooding and desertification, which impacts soil fertility,
high cost of labour in the absence of mechanization, high
post harvest losses, tuber dormancy which prevents off-
season production and uncontrolled sprouting after
dormancy break which further causes storage losses.
However, the challenge of seed scarcity is central to
these constraints due to inadequacy of improved
genotypes specifically adapted to prevailing challenges,
frequently renewed without losing its quality. Global
annual production was therefore projected to reach a
plateau, having decreased by 11.5% in 2007 (Manyong
et al., 1996).

EXISTING SEED YAM PRODUCTION SYSTEM

In the current informal seed system, farmers reserve up
to half of the year's harvest for future planting, obtain
seeds from fellow farmers or purchase from the market,
in decreasing order of preference. Traditional yam
propagation is by planting 200 to 500 gram setts, which
takes a large portion of the harvest. In the “milking”
technique (Okigbo and Ibe, 1973; Okoli et al., 1982),
tubers are harvested two-thirds into the growing season
without destroying the root system, providing early ware
yam for consumption. The parent plant regenerates new
small tubers used as seed yam for the following season.
This system therefore doubles the propagation ratio
relative to other traditional methods although, multipli-
cation ratio is still very low.

In the modified minisett technique (Kalu and Erhabor,
1992; Okoli and Akoroda, 1995; Ikeorgu and Igbokwe,
2003; Ikeorgu et al., 2007) use of 25-80 g minisett has
reduced the production cost of seed yam (Okoli et al.
1982; Otoo et al., 1987; Oguntade et al., 2010) but rate of
adoption is low (Kalu and Erhabor, 1992). More recently,
rooting of 20 cm long 3-node vines (Acha et al., 2004;
Kikuno et al., 2007; Agele et al., 2010) produced
minitubers of 50 to 600 g after 8 months giving a 1:22
propagation ratio.

Multiplication rates are doubled in the partial sectioning
technique (Nwosu, 1975), where planted tubers are dug
out and sprouted sections excised for field planting but
labour requirement is enormous. The layering of vines
into soil for tuber production while on the mother plant is
unpractical for farm use although up to 1:80 propagation
ratio is possible (Acha et al., 2004). All of these
macropropagation techniques are genotype-dependent,
have no provision for cleaning infected seed yam and
tuber dormancy remains a challenge. Sexual seeds are
only useful in breeding but not multiplication as the
product is different from the parents due to outcrossing
and are therefore not true-to-type (Okonkwo, 1985).
However, the informal seed system preserves abundant
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Table 1. Formal versus informal seed systems.

Item Informal Formal
New technology generation No Yes
Technology transfer/dissemination No Yes

Wide diversity of adapted genetic resources Yes Obtainable
Infrastructure for assessing quality seed No Yes
Quality control at all levels of seed production No Yes

Public sector involvement No Yes
Private sector involvement Yes Yes
Official recognition of impacts No Yes

Source: Extracts from Larinde and llboudo (2006); Wekundah (2012)

diversity of landraces, including wild types.

THE CONCEPT OF FORMAL SEED SYSTEM IN YAM

In contrast to the informal system which is based on
family heritage in terms of experience, the bases of the
formal seed systems are scientific research, new variety
selections, field/laboratory seed control and testing which
constitute the technology-based aspect while the
economic and legal aspects involve production/marketing
and rules/regulations, respectively. The vision is that the
first 2 aspects can be handled by the public or private
sector or a partnership between the two, while the legal
aspect is governmental and public sector-managed.
Consequently, the formal seed system is all about
following the rules: quality control and certification at all
stages, the increase in quantity of breeder to foundation
seeds and then certified seeds that can be distributed to
farmers to ensure the genetic and physiological quality
(includes disease and sprouting status) of the seeds. In
Nigeria for example, the National Centre for Genetic
Resources and Biotechnology (NACGRAB) is respon-
sible for registration of new varieties, involving aspects of
confirmation of genetic purity. To date, 19 researchers’
varieties (improved) of yam have been officially released
and registered by NACGRAB with no landrace varieties
attributable to farmers’ selections. The National
Agricultural Seed Council (NASC) has the mandate for
quality control and certification at all levels of breeder,
foundation, certified seed production. In partnership with
stakeholders, YIIFSWA is facilitating the development
and dissemination of quality management protocols in
addition to robust and cost-effective virus diagnostic tools
which will fast-track establishment of the formal seed
system. For yam, national standards are adopted but yet
to be applied by NASC inspectors as the formal seed
yam system is not yet in place.

FORMAL VERSUS INFORMAL SYSTEM

In as much as the formal seed system has many advan-

tages, many of the quality control aspects are still not
being applied for yam. Checking the sprouting ability
status of seed yam is a challenge as even different tuber
portions may have different sprouting abilities. Use of
small whole tubers as seed will facilitate seed quality
testing in addition to knowing what the standards are for
field delineation of real genetic differences versus nutrient
deficiency and disease symptoms (O'Sullivan, 2006,
2010). These overlaps have implications for high
variations within yam somatic cells.

A formal seed system, involving adequate monitoring,
is adequate for cross pollinated crops which produce
seeds different from the parent at each generation. The
vegetative propagation of yam is normally expected to
produce uniform varieties as with self-pollinated crops for
which genetic uniformity is high and informal seed system
can thrive, which has helped yam over the years.
However, variations are encountered within a yam
variety. The genetic basis and rate of somaclonal
variation in yam need to be determined. If yam is a
transition between genetic uniformity and variation, it will
be necessary to combine elements of the formal with
informal seed systems. It should be noted that one of the
consequences of the formal seed system which is
market-driven, is a narrower genetic base resulting from
need for genetic purity and uniformity while that of the
informal is a wider genetic base due to community drive
(Table 1). A good quality, locally adapted farmer-
preferred variety is certainly better than an improved,
non-adapted and over-selected variety (Otoo, 2003)".

TISSUE CULTURE AND ITS ROLE IN EVOLUTION OF
THE FORMAL SEED SYSTEM

The change from informal to formal seed system will
require novel technologies, especially in terms of rapidity
of production, certification of seeds as disease-free,
propagation and distribution of ‘CLEAN’ breeder/-
foundation/ certified seed yam in large quantities. Such
technique should be applicable at most, if not all stages
of development and propagation of disease tolerant or



resistant varieties that are adapted to targeted agro-
ecologies.

Tissue culture has, and is still being explored for yam
propagation. The basis of this is the potential of every
plant cell to regenerate into the complete plant. In
improving yam micropropagation rates, there are reports
on many aspects of conventional tissue culture:
organogenesis from pre-formed meristems (Malaurie et
al., 1995a, 1995b) in D. zingiberensis (Chen et al., 2003),
shoot organogenesis from immature leaves (Kohmura et
al., 1995 ) and roots (Twyford and Mantell, 1996) of D.
opposita, shoot (nodes) culture and microtuber formation
in D. composita D. rotundata and D. alata (Alizadeh et al.,
1998; Balogun et al; 2006; John et al., 1993; Salazar and
Hoyos, 2007, Ovono et al., 2007). Tuber pieces were
reported not to produce in vitro plantlets in D. rotundata,
D. trifida and D. cayenensis (Mitchell et al., 1995) while it
did in D. alata (Fotso et al., 2013). In addition, aseptic
conditions are observed and this cleans the plant of fungi,
nematodes and bacteria. Meristem culture combined with
heat/cold/chemo therapy is the only technique that is able
to clean infected plants from viruses to date, followed by
rapid multiplication of superior clones (Mantell et al.,
1980; Ng, 1984, 1992; Sengupta et al., 1984, Mitchell et
al., 1995). This technique ensures that the viral inoculum
is not passed on to subsequent generations.

Conventional tissue culture employs manual
introduction into culture vials. However, the slowness of
yam propagation in vivo is also witnessed in vitro cultures
and a 1:4 multiplication rate (Chu and Ribeiro, 2002;
Borges et al.,, 2004; Ondo et al.,, 2007) is reported
averagely for yam tissue cultures. Meristem cultures took
more than 1 year to regenerate in some cultures. This
low multiplication rates limit the use of in vitro-produced,
virus-tested plantlets in conventional tissue cultures in
addition to losses during acclimatization and trans-
planting. A high level of contamination is encountered in
the culture of tuber pieces, probably due to high load of
endophytes in the explants.

There is also limitation of frequent sub-culturing which
increases labour costs, limitation to size of culture
container (hence nutrients), insufficient aeration, hyper-
hydricity and vitrification, a stress condition in tissue-
cultured plants, manifested mainly as abnormal leaf
functioning (Ziv, 1991; Ziv et al., 1998). Protein- and
photo-syntheses, gas exchange, cellulose and lignin
synthesis and ethylene production are affected, resulting
in fragile plantlets (Ziv et al.,, 1998) and sub-optimal
propagation rates.

TEMPORARY IMMERSION BIOREACTOR SYSTEMS
FOR YAM PROPAGATION

Among other factors, culture aeration combined with
automation has been proposed to increase productivity
and reduce cost in conventional tissue cultures due to
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significant reduction of contamination and cost of labour
respectively; in addition to faster multiplication rate. This
suggested a role for temporary immersion bioreactor
systems (TIBs) (Cabrera et al., 2011; Watt, 2012).

A bioreactor is an enclosed, sterile environment which
is provided with inlets and outlets for airflow under
pressure and utilizes liquid medium (Watt, 2012). TIBs
are types of bioreactor used for differentiated plant
tissues. Different designs of TIBs exist, but most common
are the twin flask types, having 2 containers, one for the
medium and the other for the cultures (Adelberg and
Simpson, 2002). Another type of TIBs is the recipient for
automated temporary immersion (RITA) (Alvard et al.,
1993) in which the upper container containing the plant is
linked to the lower compartment containing the medium
and internal pressure regulates the movement of medium
up or down such that immersion of cultures can be timed.
There is also the Bioreactor of Immersion by Bubbles
(BIB) (Soccol et al., 2008) where nutrient and air is
provided to cultures by bubbling. In all these cases, the
cultures are immersed in the medium in a timed manner,
in terms of frequency and duration of immersion to allow
for aeration. TIBs require interplay of plant physiology,
chemical and physical sciences since components like air
compressor for air flow, silicon tubing connections,
membrane filters and remote monitoring may be involved.
In TIBs, growth is enhanced (Escalona, 2006) since there
is lack of continuous immersion in liquid medium. Use of
TIBs has been reported for potatoes, pineapple, apple,
coffea, lemon grass, oil palm, eucalyptus, strawberry
among others (Watt, 2012).

Among databases consulted (Table 2), Scirus, Springer
and Google scholar returned a total of 8 reports on yam
TIBs from Cuba, Japan, China and France. Four out of 8
reports were on D. alata, 1 on D. fordii, 1 on D. opposita
and the last 2 on D. cayanensis-rotundata. Yam shoots
grown in TIBs had enhanced growth and the leaves had
higher photosynthetic pigment content than other
techniques (Table 3, Jova et al.,, 2005, 2011, 2012;
Cabrera et al., 2011), The exciting aspect of use of TIBs
for yam propagation is that both plantlet and microtuber
production are possible (Balogun, 2009), although
sprouting was higher in bigger microtubers. This implies
that large enough microtubers can be planted directly on
the field as reported for D. alata. Since D. rotundata is the
most economically important species in the West African
yam belt, it is critical that attention be directed towards its
propagation in TIBs and this system be incorporated into
the seed system.

PRODUCTION OF CERTIFIED SEEDS

The most important thing in production of certified
(breeder, foundation and commercial) seeds yam is that it
is true-to-type as described by the breeder. The greatest
challenge is that the existing yam diversity is a



1618 Afr. J. Biotechnol.

Table 2. Databases with articles on yam propagation in temporary immersion
bioreactors*

Database Article
Scirus

Springer

Social Science research network

Worldcat

Proquest Dissertation and Thesis database
JSTOR

AJOL

SciDevNet

Ideas

PubScience

Royal Tropical Institute

ISI Highlycited.com

Gogglescholar

Current Agricultural Research Information

Agris:International information system for the Agricultural
sciences and technology

USDA National Aricultural Library
CGIAR library

Agricola

Eidis

Findarticles.com

Highwire press

Directory of Open Access Journals
Ingentaconnect.com

OO0 00000 O ONOOOOOODODOOCOEDN

o

Although the table shows a total of 10 publications, the 2 articles in Scirus were among
the 7 found in Googlescholar'

Table 3. Multiplication rate of yam in conventional tissue culture and temporary immersion bioreactor system.

Product Genotype Conventional gelled medium TIBs Author
Plantlet D. alata 5.7 10.1 Salazar and Hoyos, 2007
Plantlet D. alata 2.2 4.1 Jova et al., 2005
D. alata 4.4 8.0 Yan et al., 2011
D. rotundata-cayenensis Not compared 8.5 Jova et al., 2008
D. cayenensis-rotundata C_om_pared fpr stem length, no 6.3 Polzin et al., 2013
significant difference (6.6)
D. opposita Not compared Not reported  Akita and Ohta, 2002
D. fordii 2.4 5.0 Yan et al., 2011
Mi b D. alata Not reported 2.8 Jova et al., 2012
icrotuber D. alata 6 47 Jova et al., 2005
production (%) N
D. fordii 8.3 73.8 Yan et al., 2011

component of the existing informal seed yam system and be confirmed as being same as the initial stock.

they are not certified. Breeders therefore need to incur- The role of tissue culture in this study will be cleaning
porate characterization of their varieties for certification at of breeders’ seed before production of foundation seed
some stage of variety development for the end product to using meristem culture combined with one or all of the
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Plate 1. Left: Seed yam tubers from field-grown plants at llushi market in Nigeria (Courtesy: Aighewi, Personal
communication); Right: Yam microtubers from conventional tissue culture (Balogun, 2005).

therapies. It will be worthwhile to investigate the
possibility of meristem culture in TIBs to overcome the
slowness encountered in conventional tissue cultures and
this is yet to be reported. The cleaned breeder seeds can
in turn be multiplied in TIBs to increase initial stock
ofbreeder seed yams, whether as plantlets or small whole
microtubers. The challenge here with D. rotundata will be
to experimentally determine optimum immersion fre-
guency and duration, nutrient/hormone requirement, age
of mother plant and number of medium renewals that will
be optimum for the two (plantlet or microtubers) products.

If higher quality plantlets are the products of TIBs,
losses due to transplanting will be considerably reduced
and they can be directly transplanted into macropropa-
gation systems like aeroponics but there might be a
waiting time during the dormancy of the minitubers
produced from transplanted plantlets. In cases where
microtuber production (Plate 1, right) is the target of TIBs,
it is important to increase the size and weight of the
microtubers to enhance sprouting when directly planted
on the field.

It was reported that in vitro microtubers do not go into
dormancy if immediately put into fresh in vitro medium
(Ovono et al.,, 2009) with the advantage that it can be
ploughed back into the in vitro system for multiple sprout
production. However, sprouting ability varied with stage
of physiological maturity and size (Balogun, 2009). The
NSF-PEER is on-going to standardize the stage of
physiological maturity and size of microtubers in photo-
autotrophic TIBs among farmer-preferred varieties to
control their dormancy. The smaller size of the two
products and smaller space used is not only cheaper, but
also an advantage for easier handling in disease

diagnostics and germplasm distribution rather than plants
or tubers in a large field or screenhouse.

ENHANCING BREEDING FOR TARGET TRAITS
THROUGH TIBS

Ample diversity and efficient selection sieves constitute
the core of yam improvement. In spite of wide diversity
existing among yam genotypes (Ng and Ng, 1997) 19
yam varieties have been released in Nigeria (Lopez et al.,
2012) but those resistant to specific diseases are yet to
be identified. This slow rate of variety release (compared
to in maize) is due to conventional yam hybridization
breeding process, which is from intra-specific crosses,
takes six to nine years with only one generation produced
per year. In addition, flowering varies with season and
location (Hamadina et al., 2009) and is irregular in
genotypes, making successful hybridization unpredic-
table.

There is still a great challenge in inter-specific
hybridization due to lack of synchronization of flowering
and cross-compatibility, especially in crossing either of D.
rotundata or D. cayenensis to D. alata. Other options for
creating new variations include genetic transformation,
somaclonal variation and mutagenesis while embryo
rescue is useful in inter-specific hybridization. This is
however constrained by lack of protocols for yam
regeneration via somatic embryogenesis. It will be
worthwhile to test for ability to regenerate in TIBs since
growth is enhanced.

In exploiting mutation breeding for yams, in vitro
regeneration of plantlets from adventitious buds will facili-
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tate production of solid mutants and avoidance of
unstable chimeras. Also, yam grown in automated
systems can be used to investigate cellular pathways and
processes (Jova et al., 2011; Ivanov et al; 2012) as in
control of yam tuber dormancy.

Although most landraces are farmer-preferred varieties,
a continuously changing agroclimate and new strains of
pathogens is a threat to optimum performance of land-
races in a specific environment. The challenge will be to
introduce disease resistance or environmental adaptation
into specific landraces so as to reduce the menace of
yield losses due to pests and diseases in yams (Asala et
al., 2012). Efficient selection for resistance to toxins from
pathogens is possible in vitro within minimal space in a
controlled environment, as opposed to larger field space
with risk of environmental spills.

It is advisable that TIBs be set up in plant protection/-
germplasm health units as this will facilitate an under-
standing of the mechanisms of resistance. This includes
in vitro screening for resistance to obligate parasites like
nematodes which require continuous supply of inoculum,
efficient inoculation and diagnostic protocols. There is no
nematode-resistant variety of white or water yam to date
(Claudius-Cole, Personalcommunication). Duetoenhance-
ment of growth in TIBs, it can be explored for the
production of medicinal secondary metabolites like yam
steroidal diosgenins (Raju and Rao, 2012) as done for
Fenugreek (Rezaeian, 2011).

PRODUCTION OF QUALITY DECLARED SEEDS

Existing farmers’ seeds in the current informal seed
system stand a chance of harbouring large amounts of
disease inoculums. Migration from an informal to a formal
seed system will require gradual replacement with
guality-declared seeds. Since the starter materials remain
the current farmers’ planting materials, there must be
assemblage of the landraces, identification of different
types, disease diagnostics followed by rapid multiplication
of disease-free ones and therapy of disease-infected
materials. Such rapidity of multiplication can be provided
in TIBs, followed by macropropagation in aeroponic
systems, further propagation, certification and distribution
which will involve a public-private partnership. The beauty
of TIBs is that it can also be private-sector managed,
facilitating evolution of the formal seed system.

CHALLENGES OF TIBS

The time required to produce the starter stock to feed into
yam TIBs is a major challenge. In previous reports on
yam culture in TIBs, plantlets already established in vitro
were used as starter stocks. Although initial in vitro
establishment takes time, this method ensures reduced
or no contamination, and increased survival of plantlets. It
will be worthwhile to develop protocols that will permit the
use of direct field explants especially for shoot organoge-

organogenesis. Control of contamination will be critical as
done for Eucalyptus and other crops (Thomas, 2004;
Watt, 2002). To achieve this, a Hazard Analysis and
Critical Control Point Protocol (HACCPP) should be
developed for yam culture in TIBs.

Culture of small plant parts in TIBs is also a challenge.
This includes use for somatic embryogenesis, meristem,
anther and immature embryo culture as it will require
supports that are inert, non absorbent or fibrous. In
resistance breeding, use of TIBs may be limited to toxin-
producing pathogens or obligate parasites like viruses. In
the case of viruses, protocols for inoculating in vitro calli
or other materials with virus for screening will have to be
developed followed by an efficient regeneration protocol.
In terms of cost, cheaper sources of culture vessels and
power need to be explored. The “glass jar temporary
immersion bioreactor” and the “horizontal disposable
temporary immersion bioreactor” (“Box-in-Bag”) were
developed for purposes of cost reduction for coffea
cultivation (Ducos et al., 2008). With TIBs at the heart of
yam seed systems, it will be necessary to standardize the
protocols for different economically important genotypes.

Conflict of Interests

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENT

The authors are grateful to the Bill and Melinda Gates
Foundation for their financial assistance for the
establishment of the TIBs at IITA in the framework of the
Yam Improvement for Income and Food Security in West
Africa (YIIFSWA) which inspired this review. The authors
also are grateful to United States of Agency of
International Development (USAID) / National Science
Foundation-Partnerships for Enhanced Engagement in
Research for funding the project “Improving Yam
(Dioscorea spp.) seed systems through production of
dormancy-controlled seed tubers in  Temporary
Immersion Bioreactors” at the University of Ibadan. The
authors are also thankful to Dr. Beatrice Aighewi the seed
yam system specialist of YIIFSWA project for providing
the picture on existing seed yam in Nigeria market. The
opinions expressed herein are those of the authors alone,
and do not necessarily reflect the views of the BMGF,
USAID, NAS or NSF-PEER.'

REFERENCES

Acha IA, Shiwachi H, Asiedu R, Akoroda MO (2004). Effect of auxins on
root development in yam (Dioscorea rotundata) vine. Trop. Sci. 44:
80-84.

Adelberg JW, Simpson EP (2002). Intermittent Immersion Vessel
Apparatus and Process for Plant Propagation. Internl. S/N:
PCT/US01/06586.

Agbaje GO, Oyegbami A (2005). Survey on the adoption of yam
minisett technology in South Western Nigeria. J. Food Agric. Environ.



3(2):134-137.

Agele SO, Ayankanmi TG, Kikuno H (2010). Effects of synthetic
hormone substitutes and genotypes on rooting and mini tuber
production of vines cuttings obtained from white yam
(Dioscorearotundata, Pair). Afr. J. Biotechnol. 9(30):4714-4724.

Akita M, Ohta Y (2002). A simple bioreactor system for production of
storage organs of Chinese yam (Dioscorea opposite Thumb.). Plant
Biotechnol. 19(5):363-356.

Alizadeh S, Mantell S, Viana A (1998). In vitro culture and microtuber
induction in the steroid yam Dioscorea composita Hemsl. Plant Cell
Tissue Organ Cult. 53(2):107-112.

Alvard D, Céte F, Teisson C (1993). Comparison of methods of liquid
media culture for banana micropropagation. Effects of temporary
immersion of explants. Plant Cell. Tissue Organ Cult. 32:55-60.

Asala A., Alegbejo MD, Kashina B, Banwo OO, Asiedu R, Kumar L
(2012). Distribution and incidence of viruses infecting yam (Dioscorea
spp.) in Nigeria. Glob. J. Biotechnol. Biosci. 1 (2):163-167

Balogun MO (2005). Development of microtuber production and
dormancy control protocols for yams (Dioscorea spp.) germplasm
conservation. PhD Thesis, University of Ibadan. 156 pp.

Balogun MO (2009). Microtubers in yam germplasm conservation and
propagation: The status, the prospects and the constraints.
Biotechnol. and Mol. Biol. Rev. 4(1):1-10.

Balogun MO, Fawole I, Ng SYC, Ng NQ, Shiwachi H, Kikuno H (2006).
Interaction among cultural factors in microtuberization of white yam
(Dioscorea rotundata Paoir). Trop. Sci. 46(1):55-59.

Balogun MO, Gueye B (2013). Status and Prospects of Biotechnology
Applications to Conservation, Propagation and Genetic Improvement
of Yam. In: Kishan Gopal Ramawat and Jean-Michel Merillon (eds).
Bulbous Plants: Biotechnology. CRC Press. pp. 92-112.

Borges M, Meneses S, Aguilera N, Vazquez J (2004). Regeneration
and multiplication of Dioscorea alata germplasm maintained in vitro.
Plant Cell Tissue Organ Cult. 76:87-89.

Cabrera M, Gémez R, Espinosa E, Lépez J, Medero V, Basail M,
Santos A (2011). Yam (Dioscorea alata L.) microtuber formation in
temporary immersion system as planting material. Biotechnol. Appl.
28(4):268-271

Chen Y, Fan J, Yi F, Lou Z, Fu Y (2003). Rapid clonal propagation of
Dioscorea zingiberensis. Plant Cell Tissue Org. Cult. 73(1):75-80.

Chu PE, Ribeiro R (2002). Growth and cabohydratehanges in shoot
cultures of Dioscorea species as influenced by photoperiod,
exogenous sucrose and cytokinin concentractions. Plant Cell Tissue
Organ Cult. 70:241-249.

Coyne DL, Claudius-Cole AO, Kenyon L, Baimey H (2010). Differential
effect of hot water treatment on whole tubers versus cut sets of yam
(Dioscorea spp.). Pest Manage. Sci. 66:385-389.

Ducos J, Terrier B, Courtois D, P’etiard V (2008). Improvement of
plastic-based disposable bioreactors for plant science needs.
Phytochem. Rev. 7:607-613.

Escalona M (2006). Temporary inmersion beats traditional techniques
on all fronts. Prophyta Annu. pp. 48-50.

FAO (2013). Food and Agricultural Organization of the United Nations.
www.fao.org/statistics/en/ FAO, Rome

Fotso, N, Désiré M, Pierre F, Denis O (2013). Micropropagation of
Dioscorea alata L. from microtubers induced in vitro. Afr. J.
Biotechnol. 12(10):1057-1067.

Hamadina El, Craufurd PQ, Asiedu R (2009). Flowering intensity in
White yam (Dioscorea rotundata). J. Agric. Sci. 147(4):469 - 477.

lkeorgu JEG, Ighokwe MC (2003). Seed yam production with
minitubers. Niger Agric. J. 34:63-67.

Ikeorgu JG, Oselebe H, Oluwatayo J, Ugwuoke, Ukpabi U, Asiedu R
(2007). Farmer Participatory Evaluation of Four Hybrid Water Yam
Clones in the Yam Belt of Nigeria. In: B. Nkamleu, D. Annang and
N.M. Bacco (eds.). Securing Livelihoods through Yams. Proceedings
of a technical workshop on progress in yam research for
development in West and Central Africa held in Accra, Ghana, 11-13
September 2007. pp. 226-230.

Ironkwe AG (2005). Adoption of yam minisett technology by women
farmers in Abia State, Nigeria. An unpublished M.Sc. Thesis in the
Department of Rural Sociology and Extension, Michael Okpara
University of Agriculture, Umudike, Abia State, Nigeria. pp. 75-81.

Ivanov |, Georgiev V, Berkov S, Pavlov A (2012). Alkaloid patterns in

Balogun et al. 1621

Leucojum aestivum shoot culture cultivated at temporary immersion
conditions. J. Plant. Physiol. 169:206-211.

John JL, Courtney WH, Decoteau DR (1993). The influence of Plant
Growth Regulators and light on microtuber induction and formation in
Dioscorea alata L. cultures. Plant Cell Tissue Org. Cult. 34:245-252.

Jova MC, Gémez R, Cuellar EE (2011). Effect of liquid media culture
systems on yam plant growth (Dioscorea alata L. ‘Pacala Duclos’)
Biotechnol. Agron. Soc. Environ. 15(4):515-521.

Jova MC, Gémez R, Cabrera.R, De Feria M, Perez MB, Vega VM,
Lépez Torres J (2012). Performance of yam microtubers from
temporary immersion system in field conditions. Afr. J. Biotechnol.
10(46):9509-9517.

Jova MC, Kosky RG, Perez MB, Pino AS, Vega VM, Torres JL, Cabrera
AR, Garcia MG, de Venture JC (2005). Production of yam
microtubers using a temporary immersion system. Plant Cell. Tissue
Organ Cult. 83:103-107.

Jova MC, Kosky RG, Morales SR, Torres JL, Cabrera AR, Pérez MB,
Pino AS, Vega VM, Rodriguez GR (2008). Multiplicacion in vitro de
segmentos nodales del clon de name Blanco de Guinea (Dioscorea
cayenensis-D. rotundata) en sistemas de cultivo semiautomatizado.
Rev. Col. Biotech. 10:97-103; (in Spanish).

Kalu BA, Erhabor PO (1992). Production and economic evaluation of
white Guinea yam (Dioscorea rotundata) minisetts under ridge and
bed production systems in a tropical Guinea savanna location,
Nigeria. Trop. Agric. 69:78-82.

Kikuno H, Matsumoto R, Shiwachi H, Youohara H, Asiedu R (2007).
Comparative effects of explants sources and age of plant on rooting,
shooting and tuber formation of Vine cutting of yams. Jpn J. Trop.
Agric. 51(2):71-72.

Kohmura H, Araki H, Imoto HM (1995). Micropropagation of
‘yamatoimo’ Chinese Yam (Dioscorea opposita) from immature
leaves. Plant Cell Tissue Organ Cult. 40:271-276.

Larinde MA, llboudo JP (2006). The seed system. FAO Rural radio
communication.
http://www.fao.org/sd/ruralradio/common/ecg/24516_en_seeds_1_.p
df. pp. 1-4.

Lopez-Montes A, Bhattacharjee R, Tessema G (2012). Yam breeding at
IITA: achievements, challenges, and prospects. R4D Review.
International Institute of Tropical Agriculture, Ibadan Issue 8.
http://r4dreview.org/2012/05/yam-breeding-at-iita-
achievementschallenges-and-prospects/.

Malaurie B, Pungu O, Trouslot M (1995a). Effect of growth regulators
concentrations on morphological development of meristem tips in
Dioscorea cayenensis-D.rotundata complex and D. praehensilis.
Plant Cell Tissue Organ Cult. 41:229-235.

Malaurie, B, Pungu O, Trouslot MF (1995b). Influence of meristem-tip
size and location on morphological development in Dioscorea
cayenensis-D. rotundata complex and D. praehensilis. Plant Cell
Tissue Organ Cult. 42:215-218.

Mantell SH, Haque SQ, Whitehall AP (1980). Apical meristem tip culture
for virus eradication of flexuous viruses in yams (Dioscorea alata).
Trop. Pest Manage. 26(2):170-179.

Manyong VM, Smith J, Weber GK, Jagtap SS, Oyewole B (1996).
Macro-characterization of Agricultural Systems in West Africa: An
Overview. Resource and Crop Management Monograph No. 21, [ITA,
Ibadan, Nigeria.

Mbanaso ENA, Egesi CN, Okogbenin E, Ubalua AO, Nkere CK (2011).
Plant Biotechnology for genetic improvement of root and tuber crops.
In: C.0. Amadi, K.C. Ekwe, G.O. Chukwu, A.O. Olojede and C.N.
Egesi (eds.). Root and Tuber Crops Research for food security and
empowerment, pp. 45-64.

Mitchell SA, Asemota HN, Ahmad MH (1995). Factors affecting the in
vitro establishment of Jamaican Yams (Dioscorea spp.) from nodal
pieces. J. Sci. Food Agric. 67541-550.

Ng SYC (1984). Meristem culture and multiplication. In: International
Institute of Tropical Agriculture Ann. Report. 1983. Ibadan, Nigeria,
pp. 133-134.

Ng SYC (1992). Micropropagation of white yam (D. rotundata. poir), In:
Biotechnology in Agriculture Forestry, High-tech and
micropropagation Il Y.P.S. Bajaj (ed.). Berlin Heidelberg, Springer-
Verlag, Vol 19 pp. 135-159.

Ng SYC, Ng NQ (1997). Germplasm conservation in food yams



1622 Afr. J. Biotechnol.

(Dioscorea spp.): Constraints, Application and Future prospects. In:
M.K. Razdan and E.C. Cocking (eds.). Conservation of Plant Genetic
resources in vitro. Volume 1: General Aspects. Science Publishers
Inc. USA. pp. 257-286.

Nweke F, Ugwu BO, Asadu CLA, Ay P (1991). Production Costs in the
Yam-based Cropping Systems of Southeastern Nigeria. RCMP
Research Monograph, No. 6, IITA Ibadan, Nigeria. 29 pp.

Oguntade AE, Thompson OA, Ige T (2010). Economics of Seed Yam
Production using minisett technique in Oyo State, Nigeria, Field
Actions Science Reports [Online], Vol. 4(URL
http://factsreports.revues.org/659).

Okigbo BN, Ibe DGE (1973). New method of yam propagation. Paper
prepared for the Third Symposium of the International Society for
Tropical Root Crops, IITA, Ibadan, Nigeria. 2-9 December.

Okoli OO, Akoroda MO (1995). Providing seed tubers for the production
of food yams. Afr. J. Root Tuber crops 1(1):1-6.

Okoli OO, Ighokwe MC, Ene LSO, Nwokoye JU (1982). Rapid
multiplication of yam by the minisett technique. Research Bulletin 2.
National Root crops research Institute (NRCRI), Unudike, Nigeria. 12

pp.

Okonkwo SNC (1985). The botany of the yam plant and its exploitation
in enhanced productivity of the crop. In: The Biochemistry and
Technology of the Yam Tuber. Osuji (eds.). Biochemical Society of
Nigeria and Anambra State University of Technology. pp. 3-29.

Ondo P, Kevers C, Dommes J (2007). Axillary proliferation and
tuberization of Dioscorea cayenensis-D.rotundata complex. Plant Cell
Tissue Organ Cult. 91: 107-109.

O'Sullivan JN, Jenner R (2006). Nutrient deficiencies in greater yam and
their effects on leaf nutrient concentrations. J. Plant Nutrition
29:1663-1674

O’'Sullivan JN (2010). Yam nutrition: nutrient disorders and soil fertility
management. ACIAR Monograph No. 144. Australian Centre for
International Agricultural Research: Canberra. 112p.

Otoo E (2003). Farmer Participatory Breeding—A Waste or a Must: The
13th Symposium of International Society of Tropical Root Crops
(ISTRC), Arusha, Tanzania 9-15th November 2003.

Otoo JA, Osiru DSO, Ng SY, Hahn SK (1987). Improved Technology
For Seed Yam Production. 2nd Edition, 11TA, Ibadan, Nigeria, 56.
Ovono PO, Kevers C, Dommes J (2007). Axillary proliferation and
tuberisation of Dioscorea cayenensis-D. rotundata complex. Plant

Cell Tissue Organ Cult. 91(2): 107-114.

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

Polzin F, Sylvestre |, Dechampe E, llbert P, Etienne H, Engelmann F.
(2013). Effect of activated charcoal on Multiplication of African Yam
(Dioscorea cayenensis-rotundata) nodal segments using a temporary
immersion bioreactor (RITA). In vitro Cell. Dev. Biol. Plant DOI
10.1007/s11627-01309552-6.

Raju J, Rao CV (2012). Diosgenin, a Steroid Saponin Constituent of
Yams and Fenugreek: Emerging Evidence for Applications in
Medicine, Bioactive Compounds in Phytomedicine, IrajRasooli (Ed.),
ISBN: 978-953-307-805-2, In Tech, Available from:
http://www.intechopen.com/books/bioactivecompounds-in-
phytomedicine/diosgenin-a-steroid-saponin-constituent-of-yams-and-
fenugreek-emergingevidence-for-applications-in.

Rezaeian S (2011). Assessment of Diosgenin Production by Trigonella
foenum-graecum L. in vitro Condition. Am. J. Plant Physiol. 6 (5):261-
268. DOI: 10.3923/ajpp.2011.261.268

Salazar R, Hoyos T (2007). Multiplicacion y tuberizacion de fiame
(Dioscorea alata L.) en sistemade inmersion. Revista Facultad
Nacional de Agronomia, Medellin 60(2): 3907-3921.

Sengupta J, Mitra SC, Sharma AK (1984). Organogenesis and
tuberization in cultures of Dioscorea floribunda. Plant Cell Tissue
Organ Cult. 3(4):325-331.

Soccol CR, Scheidt GN, Mohan R (2008). Biorreator do tipo imersdo
por bolhas para as técnicas de micropropagagdo vegetal.
Universidade Federal do Parana. Patente, (DEPR. 01508000078). (in
portuguese)

Steingroewer J, Bley T, Georgiev V, Ivanov I, Lenk F, Marchev A,
Pavlov A. (2013). Bioprocessing of differentiated plant in vitro
systems. Eng. Life Sci. 13(1):26-38

Twyford C, Mantell S (1996). Production of somatic embryos and
plantlets from root cells of the Greater Yam. Plant Cell Tissue Organ
Cult. 46(1):17-26.

Watt MP (2012). The status of temporary immersion system (TIS)
technology for plant micropropagation. Afr. J. Biotechnol.
11(76):14025-14035.

Wekundah JM (2012). Why informal seed sector is important in food
security. Published by The African Technology Policy studies
network. pp. 1-20. http://www.atpsnet.org/Files/sps43.pdf

Winch JE, Newhook FJ, Jackson GVH, Cole JS (1984). Studies of
Colletotrichum gloeosporioides disease on yam, Dioscorea alata, in
Solomon Islands. Plant Pathol. 33:467-477.

Yam TW, Arditti J (2009) History of orchid propagation: a mirror of the
history of biotechnology. Plant Biotechnol. Rep. 3:1-56

Yan H, Yang L, Li Y (2011). Improved growth and quality of Dioscorea
fordii Prain et Burk and Dioscorea alata plantlets using a temporary
immersion system. Afr. J. Biotechnol. 10: 19444-19448.

Ziv M (1991). Quality of micropropagated plants: Vitrification. In vitro
Cell Dev. Biol. Plant (27):64-69.
http://dx.doi.org/10.1007/BF02632130

Ziv M, Ronen G, Raviv M (1998). Proliferation of meristematic clusters
in disposable presterilized plastic bioreactors for the large-scale
micro propagation of plants. In Vitro Cell Dev. Biol. Plant 34:152-158.



