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Taxonomy, Origin and Distribution

Cassava belongs to the botanical species Manihot
esculenta Crantz of the family Euphorbiaceae,
subfamily Crotonoideae, and tribe Manihotae.
The genus Manihot contains about 100 species
of herbs, shrubs and trees among which the
production of latex and cyanogenic glucosides
is common (Rogers and Fleming, 1973; Bailey,
1976). These species are grouped into 19 taxo-
nomic sections and cassava is classified under
the section Manihot (Rogers and Appan, 1973).
All Manihot species originated in the tropical
Americas.

Vavilov (1951) placed the origin of cassava
in Brazil. In addition, other lowland areas of
tropical Americas have been considered as places
where cassava could have originated (Smith,
1968). Rogers (1963) identified two geographic
centres of speciation of cassava: (i) the drier areas
of western and southern Mexico and portions
of Guatemala; and (ii) the dry northeastern
portions of Brazil. Nassar (1978a,b) identified
four areas of diversity of the wild species: (i)
central Brazil; (ii) northeastern Brazil; (iii) south-
western Mexico; and (iv) western Mato Grosso
(Brazil) and Bolivia (chapter 1).

The cassava crop may have been cultivated
in Colombia and Venezuela from 3000 to 7000
years ago (Rouse and Cruxent, 1963, cited
in Hershey, 1985). Ugent et al. (1986) cited
evidence for domestication on the Peruvian coast
before 4000 Bc. Sauer (1952, quoted by Smith,

1968) proposed the heart of domestication
as northwestern South America. Vavilov (1939)
suggested early cultivation of cassava in the
equatorial region of South America. It is believed
that cassava was carried by the Arawak tribes
of Central Brazil to the Caribbean Islands and
Central America in the 11th century (Brucher,
1989), by the Portuguese to the west coast of
Africa, via the Gulf of Benin and the Congo River
at the end of the 16th century (Jones, 1959),
and to the east coast via the islands of Reunion,
Madagascar, and Zanzibar at the end of the 18th
century (Barnes, 1975; Jennings, 1976). The
crop arrived in India about 1800. The Spaniards
took it into the Pacific, but it was not widely used
as a food crop there until the 1960s (Jennings,
1976). Cassava is now widely cultivated in the
tropics. The tuberous roots provide a major
food source for more than 500 million people
in Africa, Latin America and Asia. Its leaves are
also used for human consumption in parts of
Africa and Asia.

The Mesoamerican region extending from
the northwestern coast of Mexico and covering
parts of Guatemala, El Salvador and Nicaragua
is also a potential area for early domestication
(Rogers, 1965), where the wild species Manihot
aesculifolia, Manihot pringlei and Manihot isoloba
may have contributed to the cultigen through
extensive hybridization, although this theory
has been questioned (Brucher, 1989). Rogers
and Fleming (1973) believed that cassava is a
complex species with multiple sites of initial
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cultivation. Allem (1994) believed that M.
esculenta was derived from two wild ancestor
species, Manihot flabellifolia Pohl and Manihot
peruviana Mueller. He placed the two wild species
in the primary genepool of the cultivated cas-
sava, while Manihot glaziovii, Manihot dichotoma,
Manihot pringlei, Manihot aesculifolia, Manihot
pilosa, Manihot triphylla and Manihot pruinosa he
placed in the secondary genepool.

Cassava is monoecious and predominantly
outcrossing, which leads to a very high degree of
heterozygosity in plants and among populations
produced from true seeds. Cassava varieties are
heterozygous individuals which are propagated
vegetatively to maintain the desired genotypes.
Though cultivated germplasm has erratic flow-
ering habits, it produces seed readily in many
environments. Its seeds disperse naturally, as the
fruit capsules dehisce at maturity. Many cassava
plants growing from naturally dispersed seeds
occur in farmers’ fields in Africa. Through out-
crossing among heterogeneous plant popula-
tions and subsequent selection by nature and by
farmers, specific recombinants or new variants
are created under the African agroecosystem.
Specialized cultivars, such as those with a high
level of resistance to cassava mosaic disease,
could have been selected in this way.

Some wild Manihot species, such as Manihot
glaziovii and Manihot tristis were introduced
to many parts of Africa and Asia, at least since
the early 20th century. They have now become
naturalized in some parts of Africa and Asia
(Rogers and Appan, 1973). These wild species
were introduced to Africa and Asia initially for
use as a source of rubber and later as shade trees
in cocoa plantations and home compounds, and
in Africa as a tree for fencing (Allem and Hahn,
1991). Introgression from Manihot glaziovii into
cassava seems to be occurring under natural
conditions in Africa. This phenomenon could
have generated additional new variability in
cassava in Africa, outside the place where it
was first domesticated. Indeed, it has been widely
recognized that an important secondary centre
of diversity of cassava has become established in
Africa (Gulick et al., 1983).

The native range of Manihot species is
from southern Arizona (Manihot davisiae and
Manihot angustiloba) to Argentina (Manihot
grahami and Manihot anisophylla). Only one wild
species, Manihot brachyloba, is native to the West

Indies. The species of Manihot are all rather
sporadic in their distribution. However, there
are two major concentrations of species, one in
Mexico, the other in Brazil (Rogers, 1963). The
species found in the two areas are remarkably
disjunct; with the exception of cultivated species,
none of the North American species is found
in South America. The preponderant number of
species are South American; the greatest number
are found in eastern central Brazil (Rogers and
Appan, 1973). Most Manihot species are found in
relatively dry areas, and only a few are found typ-
ically in rainforest regions. The North American
species are mostly found on limestone-derived
soils. All of the species in the genus are sensitive
to frost. There are only two species, M. grahami
and M. anisophylla whose native distributions are
in regions with occasional frost.

Germplasm Conservation

The importance of plant genetic resources to
global food security as well as to the security of
the livelihood of millions of rural families was
underlined at the first United Nations Confer-
ence on the Human Environment in Stockholm,
1972. A decade before that conference, wide-
spread loss of diversity at different levels of bio-
logical organization was recognized (TAC/FAO,
1972; Frankel, 1973). The Stockholm confer-
ence called for concerted efforts to conserve and
utilize naturally occurring genetic variability in
all plants, whilst considering the interests of
both present and future generations.

Several international research institutes
of the Consultative Group for International
Agricultural Research (CGIAR), such as Centro
Internacional de Agricultura Tropical (CIAT)
and International Institute of Tropical Agricul-
ture (IITA), were already established at that time.
They had started assembling genetic resources
of their mandated crops, consisting of local or
introduced landraces, improved cultivars and
related wild species for use in their breeding
programmes. This initial effort of collecting plant
genetic resources was formalized when many
CGIAR centres established ex situ conservation
programmes to collect and conserve the genetic
resources of their own mandated crops, as an
integral part of their activities. CIAT and IITA
share the CGIAR mandate for cassava. They



Genetic Resources and Conservation

169

collaborated with many national programmes
with active programmes in cassava breeding
or genetic resources conservation in collection,
utilization and conservation of the genetic
resources of this crop. The 1992 United Nations
Conference on Environment and Development
was held in Rio de Janeiro, where the Convention
on Biological Diversity (CBD) was signed by
over 150 heads of state. This marked a historic
commitment by the nations of the world to con-
serve biodiversity and to ensure that biological
resources are used sustainably and that the
benefits of such use are shared equitably.

Germplasm collections

Recent reports indicated that some 20,000
accessions of cassava germplasm and its wild
relatives are being preserved ex situ in CIAT,
IITA, and national programmes in more than
45 countries throughout the world (Bonierbale
et al.,, 1997; ITA, 1997, 1998). Table 9.1 lists
the number of accessions held in the two CGIAR
centres and national programmes. The figures
may include duplicates, especially among those
that are held by CIAT and national programmes
in the Americas, and by IITA and national
programmes in West and Central Africa. The
collection at CIAT includes germplasm from
Argentina (72), Brazil (1334), Colombia
(2001), Costa Rica (148), Cuba (77), Ecuador
(117), Guatemala (91), Indonesia (51), Malay-
sia (67), Mexico (102), Nigeria (19), Panama
(43), Paraguay (231), Peru (405), Puerto Rico
(15), Thailand (31), USA (10), Venezuela (249),
and five other countries (Bonierbale et al.,
1997). The IITA collection includes materials
from Cameroon (247), Togo, (289), Ghana (81),
Nigeria (363), Republic of Benin (378), Congo
(64), Kenya (12), East Africa (29), Brazil (49),
and five other countries in Africa. The total
number of unique accessions is likely to be much
smaller than 20,000. South America has the
largest collection, followed by West and Central
Africa. The collection held at CIAT represents
the largest diversity of cassava from the
Americas and Asia, and from West and Central
Africa at IITA. The IITA-coordinated research
networks, East Africa Root Crops Research
Network (EARRNET) based in Uganda, and the
Southern Africa Root Crops Research Network

(SARRNET) based in Malawi, initiated activities
in network member countries to collect and
evaluate the local cassava germplasm. A total
of 1245 accessions were assembled and main-
tained in EARRNET member countries, includ-
ing Burundi, Kenya, Madagascar, Rwanda and
Uganda (IITA, 1997). Similarly, a total of 797
accessions of local germplasm were collected
and maintained in SARRNET member coun-
tries, including Angola, Botswana, Malawi,
Mozambique, Namibia, Tanzania, Swaziland,
South Africa, Zambia and Zimbabwe (IITA,
1998). Cassava germplasm accessions pre-
served at CIAT and IITA have been designated
as ‘in trust’ collections under the auspices of the
Food and Agriculture Organization of the United
Nations (FAO) for public access. They are freely
available to researchers worldwide.

EXx situ conservation methods

There are two basic approaches to the conserva-
tion of plant genetic resources, ex situ and in situ,
and they are complementary. There are various
methods for the conservation of genetic resources.
The best way is to adopt a combination of cost-
effective and practical methods, to conserve the
targeted genepool of a species. The cassava crop
is an outcrossing species and produces botanical
seed in many environments, but is mainly prop-
agated vegetatively using stem cuttings with two
to six nodes, or by shoot tips in in vitro cultures to
maintain genotypes. Its wild relatives are also
predominantly outcrossing and are propagated
mainly by botanical seed, and in some species,
by stem cuttings. Many wild species could also
be propagated in in vitro cultures (Iwanaga and
Iglesias, 1994; Ng and Ng, 1997). Various ex
situ techniques and options are available for the
conservation of cassava genetic resources. These
are the field genebank, seed storage, in vitro
reduced growth storage and cryopreservation of
shoot tips and pollen. DNA storage could also
eventually become one of the options for cassava
germplasm conservation. However, strategies
and procedures for the utilization of the stored
DNA have yet to be devised. Recent advances in
cassava biotechnology which facilitate the selec-
tive transfer of genes, stored DNA from outside
the genepool of cassava is likely to become more
relevant in breeding (Withers, 1994).
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Table 9.1. Cassava germplasm collection in some national and international research centres (main-
tained as field genebanks).

Region/country No. accessions Institute/programme

South America

Colombia 4695 CIAT
Brazil 4132 CNPMF/CENARGEN
Paraguay 360 IAN
Ecuador 101 INIAP
Argentina 177 INTA
Bolivia 18 1A

Central America
Costa Rica 154 CATIE
Mexico 225 INIFAP
Panama 50 A
Nicaragua 37 UNA
Caribbean
Cuba 495 INIVIT
Dominican Rep. 46 -

Eastern and Southern Africa
Angola 13
Botswana 11
Tanzania 254 RTCP
Malawi 170 RTCP
Uganda 413 RTCP
Kenya 250 RTCP
Mozambique 81 INIA
Zambia 96
Rwanda 280
Zimbabwe 6
South Africa 100

West and Central Africa
Benin 340 SRCV
Cameroon 250
Cote d'lvoire 300
Gabon 42
Ghana 2000 PGRC/CRI
Burkina Faso 14
Nigeria 435 NRCRI

2861 IITA

Guinea, Conakry 168
Senegal 57 ISRA/CDH
Sierra Leone 134 I1AR
Togo 734
D.R. Congo 250

Asia — Oceania
China 86 SCATC/UCRI/GAAS
India 1507 CTCRI
Indonesia 251 CRIFC/MARIF
Israel 5 Israel Genebank for Agric. Crop
Malaysia 92 MARDI
Myanmar 21 ARI
Pakistan 3 Plant Introduction Center
Philippines 384 PRCRTC/IPB
Sri Lanka 112 CARI/PGRC
Thailand 250 RFCRC
Vietnam 36 Hung Loc. Agric. Centre

Footnote on next page
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Field genebanks

Cassava germplasm can be maintained in the
field, as living collections which are relatively
easy to establish and maintain with little need
of sophisticated equipment. This method has an
advantage over other conservation methods in
that it provides plant materials readily for evalu-
ation/characterization and for cross-pollination.
A major disadvantage is the requirement for
large fields to maintain germplasm collections.
Germplasm materials in a field genebank are
under pressure of constant exposure to diseases
and pests, which could lead to a loss of genetic
materials or genetic drift. Proper maintenance
of a field genebank in a cost-effective way is
important to ensure the survival of germplasm
in a sustainable manner.

The planting distance of cassava for food
production is usually a minimum of 1 m x 1 m
between plants. Cassava stakes (stems with two
to six nodes cut from mature stems) are used as
propagules, and planted directly in the ground
or in soil ridges/mounds, with at least one node
buried under the surface of the soil. To achieve
greater root yields, cassava is more frequently
planted on soil ridges/mounds. For the purpose
of maintaining a germplasm collection, it is less
important to produce high root yields or imp-
roved root quality, than to maintain the clonal

materials in perpetuity. A common practice used
by IITA for cassava field genebank maintenance
is to plant cassava stakes on flat ground in rows.
Each accession is planted on a 2.5-m row plot,
at a distance of 25 cm between hills within the
row, and 50 cm between rows, with a total of 11
plants. The close spacing between plants sup-
presses weed growth and minimizes the area of
land required. Nine months after planting,
the plants are pruned; after 18—24 months the
materials are planted in a new field. Where
the activities for germplasm characterization/
preliminary evaluation at IITA are combined
with the maintenance of germplasm, cassava
stakes are planted on ridges at a normal planting
distance of 1 m X 1 m within and between rows,
with 10 plants per accession. The materials are
planted in new land every year. IITA maintains a
collection of 24 wild Manihot species and CIAT
has 26 species. Both the landraces and wild spe-
cies are important sources of resistance to pests
and diseases as well as quality characters. Work
atIITA and CIAT has confirmed previous reports
on useful traits in several wild Manihot species,
such as high protein content, insect resistance
and high levels of carotene (Asiedu et al., 1992).
IITA has used several wild Manihot species in
interspecific hybridization with cassava to trans-
fer their desirable genes into cassava (Hahn et al.,
1980, 1990).

Footnote for Table 9.1.

Acronyms: ARI, Agricultural Research Institute, Yezin, Myanmar; CARI/PGRC, Central Agricultural Research
Institute, Gannoruwa, Peradeniya, Sri Lanka/Plant Genetic Resources Centre, Peradeniya, Sri Lanka; CATIE,
Centro Agronomico Tropical de Investigacion y Ensenanza, Turrialba, Costa Rica; CENARGEN, Centro
Nacional de Recursos Geneticos e Biotecnologia (of EMBRAPA), Brasilia, Brazil; CNPMF, Centro Nacional de
Pesquisa de Mandioca e Fruticultura Tropical, Brazil; CRIFC/MARIF, Central Research for Food Crops,
Indonesia/Malang Research Institute for Food Crop, Indonesia; CTCRI, Central Tuber Crops Research Institute,
India; IAN, Instituto Agronomico Nacional, Paraguay; IAR, Institute of Agronomic Research, Sierra Leone; IIA,
Instituto de Investigacion Agricola, Bolivia; IIA, Institute de Investigaciones Agropecuarias, Panama; INIA,
Instituto Nacional de Investigacao Agronomica, Mozambique; INIAP, Instituto Nacional de Investigacion
Agropecuarias, Ecuador; INIFAP, Instituto Nacional de Investigaciones Forestales y Agropecuarias, Mexico;
INIVIT, Instituto Nacional de Investigacion de Viandas Tropicales, Cuba; INTA, Instituto Nacional de Tecnologia
Agropecuaria, Argentina; ISRA, Institut Senegalais de Recherches Agricole/Centro pour le Developement de
I'horticulture, Senegal; MARDI, Malaysian Agricultural Research and Development Institute, Malaysia; NRCRI,
National Root Crop Research Institute, Nigeria; PGRC/CRI, Plant Genetic Resources Centre/Crop Research
Institute, Ghana; PRCRTC/IPB, Philippine Root Crop Research and Training Centre/Institute of Plant Breeding,
Philippines; RFCRC, Rayong Crop Research Centre, Thailand; RTCP, Root and Tuber Crop Research
Programme; SCATC/UCRI/GAAS, South China Academy of Tropical Crops/ Upland Crop Research
Institute/Guang Dong Academy of Agricultural Science, China; UNA, Universidad Nacional Agraria, Facultad de

Agronomia, Nicaragua.
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Seed genebanks

It was reported that cassava seeds could tolerate
desiccation to 3.2% moisture content (MC), and
there was no loss in seed viability following 4
months hermetic storage at —20°C with 6% MC
(Ellis et al., 1981), and after 14 years hermetic
storage at —20°C with 6% MC (unpublished
results, Seed Science Laboratory, Department of
Agriculture, the University of Reading, cited by
Hong et al., 1996). Cassava seeds lost their
viability after 2 years of storage under ambient
conditions in Ibadan, Nigeria. Thus, cassava
seeds are orthodox: they store best in cool and
dry conditions.

At IITA, cassava seeds are harvested in
bulk from all plants of each individual clonal
accession and kept separately as a population
of the clonal accession. Freshly harvested seeds
are dried to 5-7% seed MC, sealed in aluminium
foil envelopes, and stored at —20°C for long-term

Table 9.2.
research institutes.

conservation. Seeds for use in breeding pro-
grammes and for distribution are stored in paper
bagsin a cold store maintained at 5°C and ¢. 30%
relative humidity.

In vitro genebanks

In vitro propagation and conservation tech-
niques for cassava have been well developed and
have been applied routinely in many genebanks,
particularly in CIAT and IITA, and in national
programmes in Brazil, Argentina, Paraguay and
Cuba (Bonierbale et al., 1997; Ng and Ng, 1997;
Ng et al., 1999). Table 9.2 summarizes informa-
tion on the cassava germplasm collections that
are maintained in an in vitro genebank, either
by reduced growth storage or under normal
culture conditions. Shoot-tip cultures of cassava
clonal accessions are usually conserved under
reduced-growth or slow-growth culture media,

Cassava germplasm collections maintained in vitro in some national and international

Country/institution ~ No. accessions (Reference)  Culture condition Storage duration (months)

Argentina 120 - -
(Bonierbale et al., 1997)

Brazil 1307 - 3-14
(De Goes et al., 1999)

Caribbean 28 18-22°C -
(Bateson, 1999)

CIAT 5714 23-24°C, 1000 lux 10-18
(Guevara and Mafla, 1999) Low sucrose medium

Cuba - 20—22°C, 500 lux -
(Morales et al., 1999) Normal culture medium

Ghana 9 28°C -
(Acheampong, 1999)

IITA 727 18-22°C 8-12
(Ng and Ng, 1997)

India 30 - -
(Bonierbale et al., 1997)

Paraguay 101 - -
(Bonierbale et al., 1997)

Philippines 13 8 h light, normal 2
(Zamora and Paet, 1999) culture medium

South Pacific 19 20°C 9
(Taylor, 1999)

Sri Lanka 56 - -
(Bonierbale et al., 1997)

Vietnam 10 - -

(Bonierbale et al., 1997)
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or reduced incubation conditions (temperature
and light intensity). Cassava clones in the in
vitro genebank at CIAT are conserved under the
following conditions: (i) constant temperature of
23-25°C for 24 h through the day and night,
with 12 h light illumination of 1000-1500 lux;
(ii) a slightly modified Murashige—Skoog (MS)
culture medium (Murashige and Skoog, 1962).
Three to five tubes per accession are maintained
(Iwanaga and Iglesias, 1994). At IITA, the cul-
tures are maintained under lower incubation
temperatures, and lower light intensity than at
CIAT, with five to ten tubes per accession (Ng
and Ng, 1997; Ng et al., 1999). Shoot-tip and
nodal cultures have also been used at IITA
to transfer cassava germplasm collections from
collaborating National Agricultural Research
Systems in Cameroon, Ghana and the Republic
of Benin.

The source of materials for in vitro propa-
gation are apical buds or nodes collected at
their active growth stage, from cassava plants
growing in a field genebank or screen house.
Buds collected are surface disinfected with 70%
ethanol, followed by 7% sodium hypochlorite
solution with Tween 20 for 20 min. They are
then rinsed with three changes of sterile distilled
water. Meristems with one to two leaf primordia
are excised from the buds and inoculated in MS
basal medium supplemented with 3% sugar,
80 mg 1! adenine sulphate, 0.15 mg I benzyl
amino purine (BAP), 0.2 mgl™! naphthalene
acetic acids (NAA), 0.04 mg I"! gibberellic acid
(GA3) and 0.6% agar. For nodal cutting culture,
nodes from young green shoots are surface disin-
fected with 70% ethanol for 5 min, followed
by 10% sodium hypochlorite solution with
Tween 20 for 20 min and then by 5% sodium
hypochlorite solution for 10 min. The nodes are
rinsed three times with sterile distilled water,
then placed on MS medium supplemented with
3% sugar, 0.01 mg I"! NAA, 0.05 mg "' BAP
and 0.7% agar. Ten tubes (16 X 125 mm) per
accession are cultured. Cultures are incubated
in a culture room maintained at 28-30°C with
12 hlightillumination of 1000-1500 lux inten-
sity, for 3—4 weeks. Regenerated plantlets are
then micropropagated for initial increase and
transferred to stores at 18—24°C, and low light
intensity. Cultures are checked regularly. Those
that are contaminated with fungi or bacteria
are discarded and those that show deterioration

are subcultured. Cultures can be kept for 8—12
months before subcultures are made. Theoreti-
cally, this cycle can be repeated indefinitely
and plantlets can also be transplanted to the
isolation room for virus and other disease
indexing. Through disease or virus indexing,
healthy germplasm accessions certified by Plant
Quarantine Services are then multiplied for use
in exchange with research partners.

Cryopreservation

Cryopreservation enables long-term conserva-
tion of germplasm. Recent developments in
cryopreservation, especially those reducing
cryodamage, offer an improvement of survival
after freezing and the list of successfully cryo-
preserved species is increasing.

Early research by Bajaj (1983) showed that
cassava shoot tips frozen directly in liquid nitro-
gen (LN) with cryoprotectants resumed growth
and formed plantlets after thawing. A survival
percentage of 26 was obtained after 3 years stor-
agein LN. Other successful approachesinvolving
controlled cooling regimes have been described
for shoot tips (Escobar et al., 1993), seeds and
zygotic embryos (Marin et al., 1990) and somatic
embryos (Sudarmonowati and Henshaw, 1990).
Pollen/anthers are also a good source of plant
material for long-term conservation. Of the
different explants used, the shoot tip is the most
suitable plant material for use in the cryopreser-
vation of cassava clonal germplasm. It is most
amenable to tissue culture and can be available
at any time of the year in any quantity.

The classical cryopreservation protocols
have normally been by slow cooling with the
use of cryoprotectants and these require sophisti-
cated and expensive programmable freezing
equipment. The new techniques recently devel-
oped offer an opportunity to use fast freezing, and
direct immersion in LN. Pregrowth of shoot tips
in proliferation medium, followed by treatment
with cryoprotectants and dehydration before
direct immersion of shoot tips in LN resulted in
a plant recovery rate as high as that with
programmable freezing (Escobar et al., 1995).
Shoot tips were also successfully cryopreserved
by encapsulation—dehydration followed by direct
immersion in LN (Escobar et al., 1998). The vitri-
fication technique has been employed to simplify
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handling of explants and has secured a high level
of recovery. Shoot tips were cryopreserved
successfully using this technique on cassava
germplasm from Thailand (Charoensub et al.,
2000) and from Africa (Ng and Ng, 2000). Some
important factors influencing the recovery
include pre-culture, treatment with vitrification
solution, thawing, size of shoot tips and geno-
type. The procedure involves pre-culture of shoot
tips in a high sucrose proliferation medium,
treatment with vitrification solution, followed by
direct plunging into LN. Frozen plant materials
after retrieval from LN are thawed either by fast
or slow thawing, washed with an appropriate
solution and transferred to culture medium for
re-growth. Up to 60% recovery was recorded
in cassava using this procedure (Ng and Ng,
unpublished).

In situ and on-farm conservation

In situ conservation of genetic resources is to
maintain genetic material, usually the wild
relatives of crop plants or trees, in their natural
ecosystems. On-farm conservation is to conserve
local landraces/cultivars in farmers’ fields. In
situ or on-farm conservation of genetic
resources maintains the evolutionary processes
of the targeted plant species. The process can
make a direct contribution to the wellbeing of
farmers and communities by ensuring that
adapted plant types remain directly available to
them for their own continuing use.
Maintenance of landraces or traditional
crop varieties on-farm and in home gardens or
wild relatives of crop plants in situ has gained rec-
ognition and been widely promoted as an effec-
tive way of conserving traditional crop varieties
and wild relatives of crop species. For thousands
of years, farmers selected and managed their
plant genetic resources through gathering and
domestication, continuous selection and cultiva-
tion of cultivars most suitable to the surrounding
environments in which the farmers work and
live. Farmers are creators and conservators of
crop genetic resources, while at the same time
they abandon what they do not need or cannot
maintain because of social factors or biological
constraints. It is impossible at this stage to rely
solely on farmers to save all traditional cassava
varieties they themselves have created or

selected, unless there are some incentives to do so
and support from institutions and governments.
Development of on-farm or in situ conservation
strategies require very broad knowledge, rang-
ing from social, biological and environmental
factors. Such information required for the
development of effective in situ conservation
strategies for cassava species and their wild
relatives is not well documented or understood.
It requires a multidisciplinary team approach
to gather data and analyse the information for
the design of an appropriate in situ conservation
strategy for cassava.

Before a well-designed strategy for in situ or
on-farm conservation of cassava and their wild
relativesisin place, scientific communities, social
workers and policy makers should encourage/
support farmers or volunteers and institutions to
conserve as many of their traditional varieties
on-farm as possible. Ex situ conservation of
genetic resources for the foreseeable future still
remains the most effective and reliable way of
conserving cassava genetic resources.

Conclusions

With the increasing importance of cassava
around the world for human consumption,
animal feed and industrial uses, there will be
an increasing need for a wide range of genetic
diversity to develop cultivars having specific
characteristics and for adaptation to different
ecologies. It is important that the existing
cassava genetic resources held in various insti-
tutes be well maintained, and safely duplicated
using a combination of available conservation
methods.

There are some gaps in the existing ex situ
collection, with respect to the representation of
genetic diversity from many geographical areas
(Bonierbale et al., 1997). Few collections of wild
relatives of cassava have been assembled and
conserved in ex situ genebanks. Because of
the destruction of natural habitats where wild
relatives of cassava are growing and also aban-
donment of old traditional cassava cultivars by
farmers, there is some urgent need to collect the
cassava diversity not represented in the existing
collections for ex situ conservation. Concurrently,
germplasm characterization using agrobotani-
cal descriptors and molecular markers should
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be intensified and accelerated. Information
obtained from the characterization will assist in
the selection of core collection(s) and the elimina-
tion of duplicates, thus increasing the efficiency
of germplasm management and use. Recent pro-
gress in cryopreservation research in cassava
is very encouraging, especially the vitrification
and fast freezing protocols. This technique when
fully developed offers a relatively simple and
inexpensive method for long-term conservation
of cassava germplasm. This technique will be
affordable for cassava conservation in national
programmes. Research in this area should focus
on the optimization of the protocol to achieve
high recovery rate and application to a wide
range of cassava germplasm.

Investigation of in situ or on-farm conser-
vation of cassava genetic resources by national
programmes and international research insti-
tutes should be encouraged. Appropriate strate-
gies for in situ or on-farm conservation should be
developed to complement ex situ conservation.
Ideal locations for in situ or on-farm conservation
should be identified. National/regional/inter-
national policies governing the use of the areas
for the conservation of cassava genetic resources
and their access should be well articulated to
ensure that the conserved genetic resources
would be accessible to researchers worldwide.
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