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Summary

Cassava roots, a major food in Africa, contain cyanogenic glucosides that may cause toxic effects. Malawian
women farmers considered fields of seemingly similar cassava plants to be mixes of both ‘cool’ and ‘bitter’
cultivars. They regard roots from ‘cool’ cultivars as non-toxic. Roots of ‘bitter’ were considered to require extensive
traditional processing done by women to be safe for consumption. But curiously, these women farmers preferred
‘bitter’ cultivars since toxicity confers protection against theft, which was a serious threat to the food security of
their families. We studied how well these farmers comprehend the effects of genetic variations in cassava when
dealing with cyanogenesis in this complex system. Using molecular markers we show that most plants farmers
identified as belonging to a particular named cultivar had a genotype typical of that cultivar. Farmers’ ethno-
classification into ‘cool’ and ‘bitter’ cultivars corresponded to a genetic sub-division of the typical genotypes of
the most common cultivars, with four-fold higher cyanogenic glucoside levels in the bitter cultivars. Examining
morphology, farmers distinguished genotypes better than did the investigators when using a standard botanical key.
Undoubtedly, these women farmers grasp sufficiently the genetic diversity of cassava with regard to cyanogenesis
to simultaneously benefit from it and avoid its dangers. Consequently, acyanogenic cassava – the breeding of
which is an announced good of some cassava genetic improvement programmes – is not a priority to these farmers.
Advances in molecular genetics can help improve food supply in Africa by rapid micropropagation, marker assisted
breeding and introduction of transgenic varieties, but can also help to elucidate tropical small-scale farmers’ needs
and skills.

Introduction

The starchy roots of cassava, Manihot esculenta
Crantz, have become the most important source of
dietary energy in Sub-Saharan Africa (FAO, 2000;
Scott et al., 2000). This is due to the high and stable

yield (Akoroda, 1995), especially in areas with arable
land shortage and declining soil fertility (Romanoff
& Lynam, 1992). Other advantages of cassava are its
flexible planting and harvesting time, its suitability
for inter-cropping and the fact that it is vegetatively
propagated. Most small-scale cassava farmers grow a
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number of cultivars, each with locally preferred qual-
ities such as good taste, early maturation or good pro-
cessing characteristics (Salick et al., 1997; Chiwona-
Karltun et al., 2000). African small-scale farmers
mainly acquire new cultivars from their neighbours,
during travels or by collecting seedlings of sexually
propagated cassava (volunteers) found in fields left
in fallow for several years (Chiwona-Karltun et al.,
1998). The performance of a cultivar within the local
environment and farming system determines whether
it will be adopted, and continue to be cultivated. There
is evidence from several parts of Africa that few cas-
sava cultivars originate from breeding programmes
(Spencer, 1994; Nweke et al., 1994; Chiwona-Karltun
et al., 1998).

An earlier study in one area of northern Malawi
showed that farmers have descriptive names for up
to 50 cultivars just in one village (Chiwona-Karltun
et al., 2000). The number of plants grown of each
cultivar varies considerably and it changes over time.
Cultivars may be ‘killed’ when their yield becomes
unsatisfactory. The local cultivar names denote phen-
otypic attributes, place of origin, the person that
introduced it or the fact that it originates from a vo-
lunteer seedling (Chiwona-Karltun et al., 1998). As
in many other areas the Malawian small-scale farm-
ers grow a mix of cultivars with seemingly similar
plants and claim that some cultivars yield roots that
can be eaten raw whereas others yield ‘bitter’ roots
that must be subjected to elaborate processing before
consumption (Dufour, 1988; Chiwona-Karltun et al.,
2000). ‘Bitter’ taste of the roots is associated with a
high risk of poisoning if roots are not processed prior
to consumption.

Previous studies in Malawi revealed an ethno-
classification of cassava cultivars into two groups
based on whether the roots could be eaten raw without
prior processing (or simply boiled, or roasted) or if
they needed to be processed before consumption. In
the local language these groups were called ‘cool’
and ‘bitter’ (Chiwona-Karltun et al., 1998; Chiwona-
Karltun et al., 2000). A similar division of cas-
sava cultivars into two groups, mostly referred to
in English as ‘sweet’ and ‘bitter’, has been repor-
ted from many areas (Nordenskiold, 1924; Schery,
1947; Sauer, 1963; Ugent et al., 1986; Dufour, 1988;
Nweke, 1995). Exclusive cultivation of ‘sweet’ cul-
tivars is mostly found where cassava only comprises
a small part of a diverse crop system (Cousins, 1903;
Nordenskiold, 1924; Renvoize, 1972; Allem, 1994;
Dufour, 1995). In almost all areas where cassava is

the main crop the ‘bitter’ cassava cultivars dominate
and ‘sweet’ cultivars are grown in less amount or not
at all (Purseglove, 1968; Lathrap, 1973; Dufour, 1993;
Dufour, 1995; Nweke et al., 1994; Chiwona-Karltun et
al., 2000; Nweke et al., 2001). The division of cassava
cultivars into ‘sweet’ and ‘bitter’ has not been found to
correlate with phenotypic features (Rogers & Appan,
1973; Rogers & Fleming, 1973) and to our knowledge
the character of this division has not been studied in
Africa using modern molecular genetic markers.

Advances in molecular genetics lend promise in
the development of acyanogenic cassava. This would
undoubtedly improve the understanding of the bio-
logical role of cyanogenesis in cassava. However,
caution is needed before considering acyanogenesis
as a means of preventing possible poisoning from
cassava consumption. The reason being that the small-
scale farmers at risk of dietary cyanide exposure from
cassava seem to prefer bitter cultivars, because the
bitter taste and toxicity of the roots confer protec-
tion against theft and attacks by vermin (McKay &
Beckerman, 1993; Chiwona-Karltun et al., 1998). We
therefore found it prudent to also apply the advances
in molecular plant genetics to elucidate how small
scale farmers presently understand, handle or fail to
handle the genetic diversity of cassava with respect to
cyanogenesis.

This study investigated the local ethno-classification
of cassava using Short Sequence Repeat (SSR) mark-
ers on material obtained by a survey in northern
Malawi. The first aim was to verify to what degree
each of the 10 most grown cultivars constituted a
single genotype or a mixture of genotypes. The second
aim was to determine the accuracy with which farmers
are able to identify plants as belonging to the named
cultivars. The third aim was to ascertain to what de-
gree the classification of ‘bitter’ or ‘cool’ cultivars
comprised two different genetic pools. In this paper
the term cultivar denotes the different types of cassava
that are recognised within a local farming system by
a specific local name and the term genotype implies a
specific allele pattern found in eight SSR loci.

Methods

Study area

The study was conducted in Nkhata-Bay district, with
a predominantly rural population of approximately
165,000 (Malawi government, 2000). It is situated
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along the shore of lake Malawi in the northern part
of the country. Cassava is the major staple crop, in
this district, with about 70% of the farmed land al-
located to cassava (Pelletier & Msukwa, 1990). The
district comprises four agro-ecological zones: the is-
lands of Likoma and Chizumlo, the lakeshore zone
between 475–600 m above sea level, the escarpment
between 600–900 m and the less densely populated
mountainous plateau zone above 900 m. The district is
divided into 53 agricultural extension sections. Each
section is further divided into 8 blocks, each with
about 100 farming households. An agricultural ex-
tension worker, known as a Field Assistant (FA) is
responsible for each section. Two adjacent sections,
Lweya and Mgodi, were selected for this study on
the basis of being regarded as representative for the
lakeshore zone (Chiwona-Karltun et al., 1998). The
dominant ethnic groups in both sections were the
Tonga. One block from each section ‘Thowolo-B’,
and ‘Matyenda-1’ were selected on the basis of be-
ing ‘typical’ of the agricultural and social variation
within each section. ‘Thowolo-B’, and ‘Matyenda-1’
comprised 98 and 102 households, respectively, and
they were located about 3 km apart (Chiwona-Karltun
et al., 2000).

The farming communities in both blocks have a
long tradition of growing cassava and many of the
named cultivars have been grown for more than fifty
years (Berry & Petty 1992; Chiwona-Karltun et al.,
1998). Roots from ‘bitter’ cassava cultivars are pref-
erentially soaked, fermented, dried and pounded into
flour. The flour is used to make the staple food kondo-
wole, a dumpling-like dish that is eaten with the fin-
gers together with a sauce. The farmers actively select
cultivars through informal exchange of stem cuttings
or from collecting volunteer plants from re-grown fal-
low fields. Cassava is mainly grown by women in
small fields as a mix of plants of up to 15 cultivars that
are largely maintained by vegetative propagation of
stem cuttings. Since everyone in the area is essentially
a cassava farmer and since there are hardly any market
opportunities, the harvesting of cassava for household
consumption is done on a piecemeal basis throughout
the year. Most of the planting is done in direct relation
to the piecemeal harvesting. This results in fields with
a mix of plants of different cultivars and at different
ages.

The study was approved by the Departments of
Agricultural Research and Extension Service of the
Ministry of Agriculture, the District Health Commis-

sioner in Nkhata-Bay, and by oral consent from the
community leaders and farmers.

Main survey in August/September, 1996

A study in the same study area in July 1996 started
with a house-to-house survey of all the 200 house-
holds. The 176 eligible women being in charge of
cooking and farming in these households were in-
terviewed and reported growing a total of 45 name-
given cassava cultivars (Chiwona-Karltun et al., 2000).
Plants of the 10 cultivars reportedly grown by the
largest proportion were sampled during the main sur-
vey in August and September, 1996. Three cultivars
were designated as ‘cool’ (c) and seven as ‘bitter’
(b). Out of the 176 women farmers interviewed, 92
reported growing ‘mbundumali’ (c), 31 ‘chimpuno’
(c), 31 ‘nyachikundi’ (c), 122 ‘gomani’ (b), 113
‘depwete’ (b), 76 ‘koloweki’ (b), 52 ‘nyaharawa’
(b), 37 ‘nyankhata’ (b), 27 ‘ng’wenyani’, and 23 (b)
‘nyamakozo’ (b).

From the household census list compiled in July,
1996 (Chiwona-Karltun et al., 2000) we consecutively
sampled 30 households for this study in September,
1996. One household from ‘Matyenda 1’ was ex-
cluded because the woman interviewed in July was
not available in September when this study was con-
ducted, and one from ‘Thowolo B’ due to later failure
of extracting DNA from the plants collected. Thus a
total of 28 farmers from these households were finally
included, 13 in ‘Thowolo-B’ and 15 in ‘Matyenda-1’.
The criteria for inclusion were (i) the presence of the
woman farmer previously interviewed to indicate the
plants of each cultivar in her own field, (ii) the cultiv-
ation of one or more of the ten most frequently grown
cultivars, and (iii) having at least two plants of each
cultivar in the same field with roots ready for harvest.

Identification of plants by farmer was done under
observation (LC-K). Each of the 28 farmers walked
through their own fields to identify pairs of plants
that they claimed belonged to one of the ten cultivars.
Farmers were asked to only identify plants regarded as
being ready for harvest. They did this by carefully ex-
amining the various plants including parts of the roots
that could be observed by unearthing with their hands.
The number of cultivars with plants ready for harvest
that could be identified by each farmer ranged from
one to eight and the survey continued until about, 20
plants of each of the 10 cultivars had been collected.
All 246 plants collected were independently identi-
fied by the farmers, immediately labelled (HR) and
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Table 1. Distribution of morphological categories within each character of the plants classified by farmers as belonging to
the ten most grown cultivars

Cultivar Morphological characters with 2–3 categoriesa

No. of Skin Stem Shoot Shoot Lamina Petiole Root neck

plants colour colour colour pubesc colour colour constriction

1 2 1 2 1 2 1 2 1 2 1 2 1 2 3

Mbundumali 24 24 0 24 0 17 4 0b 21 23 0 20 3 8 12 4

Non-typicalc 2 2 0 2 0 1 1 0 2 2 0 1 1 1 1 0

Chimpuno 18 9 9 17 1 4 14 2 16 6 11 4 14 10 7 1

Non-typical 5 1 4 4 1 0 5 2 3 3 2 3 2 2 2 0

NyaChikundi 20 0 20 10 8 7 11 12 6 12 6 0 20 5 13 2

Non-typical 5 0 5 3 2 2 2 1 3 5 0 0 5 1 4 0

Gomani 22 0 22 8 14 1 21 18 4 16 5 9 11 8 13 1

Depweti 26 21 4 25 0 4 19 21 2 24 2 4 20 13 9 2

Non-typical 6 2 3 6 0 1 5 5 1 6 0 2 4 2 4 0

typ-Ng 1 0 1 0 0 1 0 1 0 1 0 1 0 0 1 0

Koloweki 24 23 1 24 0 1 22 15 8 20 2 14 8 7 10 7

Non-typical 5 5 0 5 0 0 4 3 1 5 0 4 1 0 5 0

typ-De 5 4 1 5 0 1 4 4 1 5 0 2 3 5 0 0

NyaHarawa 24 2 22 11 13 4 20 10 14 22 2 9 15 13 9 2

Non-typical 8 0 8 1 7 1 7 2 6 8 0 5 3 6 1 1

typ-De 1 1 0 1 0 0 1 1 0 1 0 0 1 1 0 0

typ-Go 1 0 1 1 0 0 1 0 1 1 0 0 1 0 0 1

typ-Nk 1 1 0 1 0 0 1 1 0 1 0 0 1 1 0 0

NyaNkhata 26 19 7 21 5 0 26 18 8 18 8 9 16 8 18 0

Non typical 8 7 1 8 0 0 8 4 4 8 0 4 4 4 4 0

typ-De 1 1 0 1 0 0 1 1 0 0 1 0 1 0 1 0

typ-Go 1 0 1 1 0 0 1 0 1 0 1 0 1 0 1 0

typ-Nm 1 1 0 1 0 0 1 1 0 1 0 0 1 0 1 0

Ng’wenyani 24 7 18 22 2 0 23 14 9 19 4 13 11 9 10 5

Non typical 9 3 6 7 2 0 8 3 5 7 2 5 6 4 2 3

typ-De 2 2 0 2 0 0 2 2 0 1 1 1 1 2 0 0

Nyamakozo 24 0 24 4 18 0 23 23 0 23 1 16 7 3 12 9

Non-typical 3 0 3 1 2 0 3 3 0 3 0 2 1 0 3 0

a skin colour = outer root skin colour (1 = white/cream, 2 = brown); stem colour = mature stem colour (1 = white/grey, 2 =
brown); shoot colour (1 = green, 2 = green-purple or purple); Shoot pubesc = shoot pubescence (1 = absent, 2 = present);
Lamina colour = leaf lamina colour (1 = green, 2 = green-purple or purple); petiole colour (1 = green, 2 = green-purple or
purple); root neck constriction (1 = short, 2 = intermediate, 3 = long).
b Underlined number indicates that data are missing for this variable for 1 to 3 plants.
c Numbers in italics are for those of the plants identified as belonging to each cultivar found to have a typical genotype of
another cultivar or a non-typical genotype.

within minutes examined and collected (JM, NM) by
the investigators.

Morphological characterisation of above and be-
low ground parts of each plant was conducted (JM
and NM) using a modified cassava morphological
descriptor (Nweke et al., 1994). The eleven morpholo-
gical characters were: shoot pubescence, shoot colour,
leaf colour, leaf shape, petiole colour, leaf lamina col-
our, mature stem colour, root neck length, outer root
skin colour, inner root skin colour and root pulp col-

our. The categories of each character are shown in the
footnote in Table 1.

Two mature roots from each plant were collected
for chemical analysis immediately after the morpho-
logical characterisation. The roots were transported to
the chemical laboratory of the Mkondezi Agricultural
Research Station (approximately 70 km north of the
study area) in the early hours of the afternoon on each
day. In the laboratory, the roots were peeled, washed
and split longitudinally. One longitudinal half was cut
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(with a sharp stainless steel knife) into approximately
one cm sized cubes on plastic chopping boards. An
amount of 49.5–50.5 g was weighed into a plastic cup
and mixed with 160 ml 0.1 m orthosphosphoric acid
and homogenised. Cyanogenic glucoside levels were
determined using the methods of Brimer et al. (1997)
and Saka et al. (1998). The mean value for the two
roots of each plant was calculated.

Labelled stem cuttings were collected and planted
in a nursery at Mkondezi Agricultural Research Sta-
tion. At the end of the four week survey and with
due permission from the Ministry of Agriculture in
Malawi, the cuttings were transported to Sweden and
re-planted in a greenhouse at the Swedish University
of Agricultural Sciences, Uppsala. Following leaf de-
velopment after about one month, DNA was extracted
from two fresh unexpanded young leaves of each plant
(Edwards et al., 1991). All DNA samples were treated
with RNAse. Out of 123 collected pairs of plants, suf-
ficient quantities of DNA were extracted from both
plants of 116 pairs and these 232 plants were included
in the study.

Complementary survey, 1997

In June, 1997, a complementary survey was carried
out in the same area. Eligible farmers stating that they
had plants of cultivars besides the ten most grown
cultivars were included. Stem cuttings were collected
from 45 plants identified by farmers as belonging to
a cultivar that were not among the ten most grown
studied in 1996. The stem-cuttings were transported
to Sweden for molecular marker analysis as described
above.

Molecular marker analysis

Seven short sequence repeat (SSR) primer pairs
(Chavarriaga-Aguire et al., 1998) were used in multi-
plex polymerase chain reaction (PCR) amplifications.
GA126, GA134, and GA136 were multiplexed using
FAM labelled forward primers (set 1). GA57, GA127
and GA131 were multiplexed using HEX labelled
forward primers (set 2), and GA161 using forward
primers labelled with TET (set 3). Each reaction mix
consisted of 2 µl of 10 ng/µl target DNA, 1 µl 10 ×
buffer, 0.4 µl 10 mm deoxynucleotide triphosphates
(dNTPs), 2.5 pmol of each primer, 0.6 µl Dynazyme
(Finnzyme) and H2O to 10 µl. Temperature cycling
included denaturation at 95 ◦C 3 min., followed by
35 cycles of denaturing at 93 ◦C 1 min., annealing at

Table 2. Allele frequencies in genotypes found in plants
identified as belonging to three ‘cool’ and seven ‘bitter’
cultivars

SSR locusa Allele (bpb) Cultivar type Pc

cool bitter

GA161a 105 0.89 0.80 0.524

GA161b 131 0.39 0.72 0.006

129 0.35 0.08 0.008

GA131 118 0.27 0.46 0.140

116 0.35 0.01 0.013

114 0.27 0.14 0.216

106 0.12 0.18 0.530

GA57 183 0.23 0.20 0.773

179 0.46 0.52 0.639

160 0.23 0.28 0.786

GA127 232 0.62 0.86 0.021

230 0.12 0.04 0.331

228 0.08 0.00 0.120

216 0.12 0.08 0.685

GA136 151 0.69 0.66 0.804

GA126 219 0.15 0.08 0.434

213 0.19 0.12 0.496

183 0.12 0.10 0.999

181 0.46 0.66 0.140

GA134 319 0.85 0.76 0.555

309 0.12 0.24 0.238

a From each locus the least frequent allele (i.e., GA161a –
99; GA161b – 123; GA131 – 96; GA57 – 181; GA127 –
240; GA136 – 187; GA134 – 333).
b bp is number of base pairs in each allele.
c The probability (P) of allele frequency homogeneity by
Fisher’s Exact Test.

52 ◦C 1 min. and extension at 72 ◦C 1 min., and a final
extension at 72 ◦C 10 min.

After PCR amplification, pooling was done for
each set of three PCR products in the following pro-
portions: 1 µl set 1, 4 µl set 2, 0.6µl set 3 and
H2O to, 20 µl. From the pool, 0.5 µl was mixed
with 1.5 µl formamide, 0.5 µl GeneScan 500 (Per-
kin Elmer/Applied Biosystems) and 0.2 µl Blue dex-
tran loading buffer. After denaturation, 1.5–2 µl was
loaded on 6% denaturing gel (7 M urea) acrylamide:
bisacrylamide (19:1) gels. The samples were separ-
ated by electrophoresis in 1 × TBE at 29 W for a
minimum of 3 hours on an automatic DNA sequen-
cer (Perkin Elmer/Applied Biosystems model 377XL).
Allele sizes were determined with GeneScan version
2.1, and genotyping was performed manually from gel
images. Each primer pair amplified one locus except
GA161 that amplified two linked loci designated as
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GA161a and GA161b and the study thus included a
total of 8 loci (Table 2). Null alleles were omitted.

Statistical analysis

Fisher exact tests and chi-square tests were used to
compare proportions. Principal component analysis
was done on SSR allelic data. Each allele at each
locus was treated as a separate variable (attaining val-
ues 0, 1 or 2). The least frequent allele (among all
plants) at each locus was omitted in order to reduce
dependencies between alleles at the same locus. A
multivariate fit (JMP, 1994, Multivariate fitting) was
done on 7 of the 11 morphological variables of the 181
plants having any of the ten genotypes most frequent
in the cultivars (one genotype dominated in each cul-
tivar). Morphological variables that did not vary were
excluded.

Results

Morphological description of the 18 to 26 plants iden-
tified as belonging to each of the 10 most grown
cultivars are given in Table 1. The data on leaf shape
and colour, inner root skin and colour of root pulp are
not shown, since no differences were observed among
the 232 plants studied.

Most of the eight SSR loci included in the laborat-
ory analysis were highly polymorphic (Table 2). More
than one allele was common at each locus, as shown
by gene diversity (Nei, 1973) ranging from 0.30 to
0.74. The pattern of alleles found in the eight loci is
regarded as the genotype for each plant studied, and
thus null alleles were not considered.

The allele patterns of all genotypes found in the
232 plants are presented in Table 3. One single gen-
otype was found in the majority (54–100%) of the
18 to 26 plants identified as belonging to each of the
10 most commonly grown cultivars. These genotypes
are henceforth referred to as the ‘typical’ genotype of
that cultivar. In Table 3 these genotypes are given the
genotype code ‘typical-’ followed by a two-letter ab-
breviation for each cultivar name. Of the 181 plants
with ‘typical’ genotypes, the farmers identified 14 as
belonging to the wrong cultivar (Table 4). Table 3 also
shows the allele composition of the other 29 geno-
types found, henceforth referred to as ‘non-typical’
followed by a two-digit number. Most of the plants
with ‘non-typical’ genotypes that were identified by
farmers as belonging to the same cultivar had different

‘non-typical’ genotypes. Twelve ‘non-typical’ geno-
types were found in more than one plant, one in six,
two in four, three in three and six in two. Four of
these were found in plants identified as belonging to
different cultivars of which two, 32 and 29, were found
in plants referred to as belonging to both ‘cool’ and
‘bitter’ cultivars. A parent offspring analysis of the 51
plants with a ‘non-typical’ genotype showed that for
those classified as belonging to the cultivars ‘chim-
puno’, ‘nyachikundi’ and ‘nyankhata’ more than half,
4/5, 3/5 and 7/8 respectively, could not be offspring of
the typical genotype. For the ‘non-typical’ genotypes
belonging to other cultivars, the majority could be off-
spring, but since we only have recorded the genotypes
for eight SSR markers the risk is high for type II errors,
that is, an individual is accepted as progeny although it
is not. On average the ‘non-typical’ plants differed in
five alleles from the ‘typical’, but three of the plants of
the cultivar ‘ngwenyani’ had ‘non-typical’ genotypes
that only differed by one allele from the ‘typical’, sug-
gesting that they may possibly have been cloned from
a mutant plant.

The mean cyanogenic glucoside levels expressed
as mg HCN equivalents per kg fresh weight were three
to ten fold higher in plants with ‘bitter’ ‘typical’ geno-
types compared to those of ‘cool’ ‘typical’ genotypes
(Table 4). The cyanogenic glucoside levels in plants
with ‘non-typical’ genotypes, except a few, were sev-
eral fold higher when identified as belonging to a bitter
cultivar than when identified as belonging to a ‘cool’
cultivar (Table 3).

Table 4 shows the percent agreement between the
farmer’s identification of plants belonging to each
name-given cultivar and the molecular marker iden-
tification of these plants having the ‘typical’ genotype
for that cultivar. The first column gives the farmers’
name of the cultivars and the second column the num-
ber of plants identified by farmers as belonging to that
cultivar. Columns 3–12 show the number of plants
with each ‘typical’ genotype, named as a two-letter
abbreviation of the corresponding cultivar. Columns
13 and 14 show the number of plants identified as
belonging to each cultivar and having a ‘non-typical’
genotype. The two bottom rows show the mean and
standard error of cyanogenic glucoside levels of the
roots of the plants for each genotype. The last column
shows the percent agreement between the farmers’
identification of the plant as belonging to the par-
ticular cultivar and the molecular marker identifica-
tion of the plants as having the ‘typical’ genotype
of that cultivar. The highest agreement between what
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Table 3. Allele composition of genotypes in 232 plants of ten cultivars collected in 1996

Cultivars Genotypes No. of Alleles at the eight SSR GA-locic HCNa

plants 161a 161b 131 57 127 136 126 134 mean

Mbundumali typical-Mb 22 11 23 23 13 13 12 14 22 26

non-typical-01 1 11 12 24 23 13 12 14 22 22

non-typical-02 1 11 23 22 23 12 11 24 22 15

Chimphuno typical-Ch 13 11 23 12 23 12 12 24 22 25

non-typical-03 1 11 12 34 23 11 12 14 22 39

non-typical-04 1 11 22 12 14 11 12 44 23 26

non-typical-05 1 11 23 12 14 11 12 24 22 32

non-typical-06 1 11 23 13 23 23 12 24 22 93

non-typical-07 1 12 11 14 12 11 11 13 12 66

NyaChikundi typical-Nc 15 11 13 23 22 14 11 24 22 32

non-typical-08 2 11 13 23 22 14 11 44 22 17

non-typical-09 1 12 11 13 12 15 11 35 12 39

non-typical-10 1 12 11 13 12 15 12 35 12 79

non-typical-11 1 12 11 45 23 11 11 34 12 38

Gomani typical-Go 24b 12 11 15 12 11 11 34 11 163

Depweti typical-De 28b 12 11 14 12 11 11 44 12 111

non-typical-12 4 11 11 14 13 11 12 34 12 132

non-typical-13 1 11 12 14 23 13 12 14 22 83

non-typical-14 1 11 23 12 23 11 12 14 22 113

Koloweki typical-Ko 14 11 12 24 23 11 11 14 22 123

non-typical-15 1 11 13 15 13 11 11 23 12 193

non-typical-16 1 11 13 23 23 11 11 34 22 95

non-typical-17 2 11 13 34 23 12 12 24 22 66

non-typical-18 1 12 33 15 23 11 12 45 12 107

NyaHarawa typical-Nh 13 11 11 13 12 11 22 44 22 112

non-typical-19 4 11 11 11 22 15 12 44 22 79

non-typical-20 3 11 11 13 12 11 12 44 22 151

non-typical-21 1 12 33 13 12 11 22 44 22 102

NyaNkhata typical-Nk 16b 12 33 15 13 11 12 45 12 203

non-typical-07 2 12 11 14 12 11 11 13 12 43

non-typical-15 4 11 13 15 13 11 11 23 12 112

non-typical-22 1 11 23 12 23 11 12 14 22 88

non-typical-23 1 12 11 12 23 11 12 14 22 79

Ng’wenyani typical-Ng 14b 11 11 11 22 13 12 24 22 177

non-typical-14 1 11 23 12 23 11 12 14 22 165

non-typical-15 1 11 13 15 13 11 11 23 12 167

non-typical-24 2 11 11 11 22 13 12 24 12 148

non-typical-25 1 11 11 11 22 13 12 44 22 220

non-typical-26 1 11 12 33 23 12 12 22 22 101

non-typical-27 2 12 11 12 12 11 11 44 12 166

non-typical-28 1 12 11 14 12 11 11 44 22 74

Nyamakozo typical-Nm 22b 11 11 14 23 11 11 44 12 251

non-typical-11 2 12 11 45 23 11 11 34 12 151

non-typical-29 1 12 11 45 23 11 11 44 12 127

a Mean levels of cyanogenic glucosides are given as mg HCN equiv. per kg dry weight.
b Include plants classified to other cultivars (see Table 4).
c The alleles are given as numbers, number 1 to 5 refer to the allele in order of how commonly they occurred as shown
in Table 2.
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Table 4. Agreement between farmer’s identification of cultivar and laboratory identification of genotypes of 232 plants

Cultivarsa,b No. of Number of plants with genotypes that are: Agreementc

plants typical non-typical

Mb Ch Nc Go De Ko Nh Nk Ng Nm cool bitter

Cool

Mbundumali(Mb) 24 22 2 92

Chimpuno (Ch) 18 13 5 72

NyaChikundi(Nc) 20 15 5 75

Bitter

Gomani (Go) 22 22 0 100

Depweti (De) 26 19 1 6 73

Koloweki (Ko) 24 5 14 5 58

NyaHarawa (Nh) 24 1 1 13 1 8 54

NyaNkhata (Nk) 26 1 1 15 1 8 58

Ng’wenyani (Ng) 24 2 13 9 54

Nyamakozo (Nm) 24 21 3 88

Total 232 22 13 15 24 28 14 13 16 14 22 12 39

HCN meand 26 25 32 163 111 123 112 203 177 251 40 119

HCN s.e.d 4 7 7 17 7 11 16 19 28 26 26 4

a Within ‘cool’ and ‘bitter’ groups, cultivars are listed in descending order according to the proportion of farmers in the area growing the
cultivar.
b The abbreviation in parenthesis designates the ‘typical’ genotype of each cultivar.
c Percentage of plants with ‘typical’ genotype among plants identified as belonging to each cultivar.
d Mean and s.e. of the level of cyanogenic glucosides in root parenchyma of all plants belonging to each ‘typical’ genotype and plants with
‘non-typical’ genotypes among ‘cool’ and ‘bitter’ cultivars, respectively, expressed as HCN equivalents per kg fresh weight.

the farmers said and the molecular marker findings
were for ‘gomani’ (100%), ‘mbundumali’ (92%), and
‘nyamakozo’ (88%).

Farmers classified 170 plants as belonging to ‘bit-
ter’ and 62 as belonging to ‘cool’ cultivars. The relat-
ive frequency of plants with a ‘non-typical’ genotype
was not significantly different between plants from the
‘bitter’ or ‘cool’ cultivars. The cyanogenic glucoside
levels were much higher in plants classified as belong-
ing to ‘bitter’ cultivars compared to those classified as
belonging to ‘cool’ cultivars, irrespective of whether
the genotype was ‘typical’ or ‘non-typical’.

A comparison of farmers in Thowolo-B and
Matyenda-1 shows that they differ in their cultivar
maintenance. In an earlier interview study the farm-
ers in Thowolo-B reported growing an average of 5.8
and those in Matyenda-1 an average of 3.6 cultivars
(Chiwona-Karltun et al., 2000). In this study we found
that the frequency of plants with ‘typical’ genotypes
was significantly lower in Thowolo-B (62%) than in
Matyenda-1 (82%). However, this difference only
applies to the cultivars ‘depwete’, ‘nyankhata’ and
‘nyamokozo’, for which 0/6, 7/18 and 5/8, respect-
ively, were typical in Thowolo-B and, 19/20, 8/8 and
16/16, respectively, were ‘typical’ in Matyenda-1. Out

of the six plants classified as ‘depweti’ in Thowolo-B,
only two had the same ‘non-typical’ genotype. One of
the other cultivars, ‘ng’wenyani’, differed in the other
direction, 13/20 being typical in Thowolo-B and 0/4
in Matyenda-1. The other six cultivars, which include
all ‘cool’ ones, did not differ between the two blocks.
For three of the cultivars all the plants had a ‘typical’
genotype and for four cultivars all but one plant have
a ‘typical’ genotype in ‘Matyenda-1’.

The allele pattern of the genotypes found in 45
plants collected in a complementary survey in 1997
is presented in Table 5. During this survey plants of
the less common cultivars were collected. Farmers
identified, 20 plants as belonging to ‘cool’ and 25 as
belonging to ‘bitter’ cultivars. Among these 45 plants
28 new genotypes were identified using DNA ana-
lysis and they are presented in Table 5 as consecutive
numbers. Only three plants had a ‘typical’ genotype
of the ten most grown cultivars. Five plants had a
‘non-typical’ genotype that was previously identified
in the 1996 study among the ten most grown cultivars
studied in 1996. Although some of the plants, collec-
ted from different farmers, had identical names, the
genotypes were different except for two plants named
‘kanonono’.
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Table 5. Alleles of genotypes of 45 plants collected in complementary survey in 1997

Cultivar Genotypea Alleles at the eight SSR GA-loci

Name Taste 161a 161b 131 57 127 136 126 134

Chibisa Cool 1 12 23 13 23 12 22 25 22

Fyoka Cool 2 11 33 34 23 25 11 25 22

Fyoka Cool 3 12 33 11 12 12 12 23 12

Kabinyu Cool 4 11 33 22 22 13 12 44 22

Kachamba Mtuba Cool 5 11 13 34 12 11 12 11 22

Kalomu Cool 6 11 22 14 22 13 12 45 22

Kamwala Cool 4 11 33 22 22 13 12 44 22

Kanjuchi Cool 7 11 22 23 12 11 12 45 22

Kanonono Cool 8 12 33 11 12 12 12 35 22

Kanonono (New) Cool 9 11 12 13 23 13 11 25 22

Kweti Chimulole Cool 10 12 22 13 12 11 12 35 12

Mnyakayuni Cool 11 11 23 13 23 12 22 25 22

Mnyakayuni Cool 4 11 33 22 22 13 12 44 22

Mwaya Cool typ-Ch 11 23 12 23 12 12 24 22

Ng’ung’uta Cool 4 11 33 22 22 13 12 44 22

Ntheghama Cool 12 11 12 33 23 11 11 14 22

Nyasungwi Cool 13 12 11 14 12 11 11 44 11

Palamu Cool 14 12 11 14 12 11 11 13 12

Palamu Cool typ-De 12 11 14 12 11 11 44 12

Virginia Cool 12 11 12 33 23 11 11 14 22

20:20 Bitter 15 11 11 34 22 11 12 14 22

Cakubaba Bitter non-typical-03 11 12 34 23 11 12 14 22

Chigwalantha Bitter 16 11 22 36 33 12 11 25 12

Ching’anya Bitter 17 11 23 22 23 25 12 15 22

Gomani Admarc Bitter non-typical-15 11 13 15 13 11 11 23 12

Kachamba Muyera Bitter 18 12 22 13 12 15 12 35 12

Kachamba Muyera Bitter 19 11 13 15 13 12 12 23 12

Kachamba Muyera Bitter 20 11 12 35 12 11 12 45 12

Kalomu Bitter typ-De 12 11 14 12 11 11 44 12

Kanonono (old) Bitter 9 11 12 13 23 13 11 25 22

Kanonono (old) Bitter 11 11 23 13 23 12 22 25 22

Kawalika Bitter 15 11 11 34 22 11 12 14 22

Kolobeki Chibala Bitter 21 11 12 12 13 13 12 14 22

Kweti Chimulole Bitter 22 11 11 11 23 13 12 45 22

Mbayani Bitter non-typical-15 11 13 15 13 11 11 23 12

Mnyakayuni Bitter 23 11 11 11 13 11 22 45 22

Mpuma Bitter 22 11 11 11 23 13 12 45 22

Mpuma Bitter 24 11 13 15 11 12 12 23 12

Mwatatu Bitter 25 11 34 33 13 13 12 13 22

Nyankhonjerwa Bitter 26 11 11 13 12 12 11 23 12

Nyasalima Bitter 27 11 23 33 13 12 22 24 22

Palamu Bitter non-typical-15 11 13 15 13 11 11 23 12

Thipula Bitter 7 11 22 23 12 11 12 45 22

Thipula Bitter 28 11 12 13 23 11 12 15 22

a Genotype in bold occurs in more than one plant. Numbers from 1 to 27 indicates genotypes found in 1997. The
others are as labelled in Table 3.
b The alleles are given as numbers, number 1 to 5 refer to the allele in order of how commonly they occurred as
shown in Table 2.
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Figure 1. Centroid plots of the first two canonical variables from
dicriminant analysis. The analysis was done on seven morpholo-
gical variables of the 13 to 28 plants with typical genotypes of the
three ‘cool’ (dashed perimeter) and seven ‘bitter’ (continuous peri-
meter) cultivars. The abbreviations (as in Tables 3&4) indicate each
genotype and the perimeter marks the 95% confidence region.

Figure 2. Scattergram based on principal component analysis of the
typical genotypes of the three ‘cool’ (�) and seven ‘bitter’ (�) cul-
tivars. The analysis was done on the allelic composition of eight
SSR loci. The first component explained 36% and the second 18%
of the total variation.

Figure 1 shows the results of the dicriminant ana-
lysis of the seven varying morphological characters
observed in the 181 plants with ‘typical’ genotypes.
The circles illustrate the morphological variation of
each cultivar. Each cultivar shows considerable mor-
phological overlap with at least one other cultivar,
except for ‘mbundumali’. This shows that the in-
vestigators were unable to separate the plants of the
ten ‘typical’ genotypes into different groups using
the standard botanical descriptors. The morphology
of plants with the ‘typical’ genotype of the ‘cool’
cultivars ‘chimpuno’ and ‘nyachikundi’ overlaps with
that of plants with ‘typical’ genotypes of several ‘bit-
ter’ cultivars. The morphological overlap between the
plants with ‘typical’ genotypes of the seven ‘bitter’
cultivars is particularly pronounced for the cultivar
‘gomani’ and ‘nyamakozo’ although Table 4 shows
that farmers were able to separate all plants with these
two genotypes.

Figure 2 shows a plot of the ‘typical’ genotypes
using the first two principal components of the com-
position of the SSR alleles of these ten genotypes.
The genotypes of the three ‘cool’ cultivars were
distinct from those of the seven ‘bitter’ cultivars.
Already the first principal component was signific-
antly (p <0.001) different for the two groups. All 39
‘typical’ and ‘non-typical’ genotypes found in plants
identified as belonging to ‘cool’ and ‘bitter’ cultivars
were also clustered into two significantly (p <0.001)
different groups in the principal component analysis.

Discussion

Cassava (Manihot esculenta Crantz) is an important
staple crop in Africa (Cock, 1982; Romanoff & Lay-
nam, 1992). Almost everywhere where cassava is
of significant importance as a staple crop the ‘bit-
ter’ cultivars with high cyanogenic glucoside content
dominate (Jones, 1959; Purseglove, 1968; Fresco,
1986). These compounds may cause adverse effects
if not reduced to negligible levels during processing
(Tylleskär et al., 1992). Advances in molecular genet-
ics now offer the possibility to develop acyanogenic
cassava (IITA, 1993; Dixon et al., 1994; Keresztessy
et al., 1994a; Kereztessy et al., 1994b; McMahon et
al., 1995; Andersen et al., 2000) but its relevance to
small-scale farmers remains controversial (Wambugu,
1999; Machuka, 2001). To partly clarify this issue
we used molecular genetics to elucidate how cassava
farmers understand and manage cassava genetic di-
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versity in relation to cassava cyanogenesis. Malawian
women farmers were studied since they, like many
other small-scale farmers in Africa, grow a repertoire
of both ‘cool’ and ‘bitter’ cassava cultivars in the
same field (Chiwona-Karltun et al., 1998) that mor-
phologically appear to be similar. Roots from ‘cool’
cultivars are regarded as non-toxic, whereas those of
‘bitter’ cultivars are regarded as toxic and requiring
extensive processing that, as a norm, is done solely
by women (Chiwona-Karltun et al., 1998; Chiwona-
Karltun et al., 2000). Despite this additional labour
and time requirement for processing these farmers still
prefer ‘bitter’ cultivars since toxicity is perceived as
conferring protection from theft. Furthermore, these
farmers claim that they are able to distinguish plants
from the ‘bitter’ and the ‘cool’ cultivars by looking
at their morphological appearance. The present study
combined participatory farmer guided plant collec-
tion (Sperling & Sheidegger, 1995; Fujisaka, 1999)
with laboratory DNA assay using PCR amplified SSR
markers (Chavarriaga-Aguire et al., 1998). The quality
of comparisons between laboratory DNA assays and
the farmers’ ability to identify the genetic diversity
of their crop depend equally on the methodological
stringency in the field survey and on the quality of the
laboratory analysis. Mutual rapport was a fundamental
issue when requesting information from the farmers.
This study entailed tedious activities for the farmer
and the investigators therefore remunerated them for
the pre-emptory harvest of their cassava.

The SSR, or microsatellite, DNA sequences mutate
at rates several orders of magnitude higher than that
of the bulk of DNA. SSR-markers are therefore very
informative for assessment of intra-species genetic di-
versity (Chavarriaga-Aguire et al., 1999). In the main
study of 232 plants of the ten most grown cultivars we
found it sufficient to use eight SSR loci since each one
had high polymorphism. A complementary survey of
the less common cultivars in 1997 was conducted to
confirm that the eight SSR loci were sufficient to sep-
arate the genotypes grown in the area. Scoring with the
same eight SSR loci in DNA from the 45 plants collec-
ted identified 27 new genotypes. Only three plants had
the ‘typical’ genotype of the ten most grown cultivars,
which is what one could expect if farmers occasionally
misidentify varieties.

Cultivar and genotype

The finding of one single genotype in 92 to 100%
of the plants that farmers identified as belonging

to the two most grown cultivars, ‘mbundumali’ and
‘gomani’, strongly indicate that the studied farming
communities endeavour to maintain the most common
cultivars as single clones. It would appear that farmers
strive to maintain each of the ten most grown cul-
tivars as one specific genotype as 72% of all plants,
167 of 232, had the typical genotype of the cultivar it
was identified to belong to. Among plants not having
the ‘typical’ genotype of each cultivar only 6%, 14
of 232, had a ‘typical’ genotype of another cultivar.
More common was that the lack of agreement of the
results between farmers and molecular marker identi-
fication was due to a ‘non-typical’ genotype. This was
found in 22% of the plants, 51 of 232. Although the
farmers in these two blocks appear to strive for cul-
tivars consisting of single clones their fields contain
a considerable proportion of plants of more than 30
‘non-typical’ genotypes that farmers fail to distinguish
from the ‘typical’ genotypes of the ten most common
cultivars. Since farmers were free to identify plants
that they considered as belonging to any of the ten
named cultivars the results do not tell the proportion
of plants with ‘non-typical’ genotypes in their fields.
However, among the plants considered to belong to
one of the ten most common cultivars the ‘typical’
genotype was always at least three times more frequent
than were any of the ‘non-typical’ genotypes.

All ‘non-typical’ genotypes were found in low fre-
quencies and only four of the non-typical genotypes
(07, 11, 14 & 15) were found in plants identified
as belonging to different cultivars (Table 3). Muta-
tions in the SSR loci may only explain a few of
the ‘non-typical’ genotypes in the main survey since
merely 8 of the 51 plants with ‘non-typical’ genotypes
differed by only a single allele when compared with
the ‘typical’ genotype. We cannot exclude that some
‘non-typical’ genotypes are offsprings of the ‘typical’
genotypes. We deduce that farmers manage to main-
tain the most preferred cultivars as single genotypes
but that high proportions of plants of the less grown
cultivars have ‘non-typical’ genotypes. Our findings
have similarities with recent findings from a study of
American Indian cassava farmers in Guyana (Elias
et al., 2000; Elias et al., 2001).Our study design
and sample size, however, did not enable us to con-
clude if the ‘non-typical’ genotypes were permanently
accepted as part of the cultivars or if they were off-
springs that would soon be discontinued once their
characteristics had been observed by the farmers.

The difference in the number of plants with ‘typ-
ical’ genotypes between the two studied communit-
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ies, situated only 3 km apart, suggests that a high
agreement between named common cultivars and one
specific genotype may be a local phenomenon. The
cultivar ‘depwete’ was reported as being recently
adopted in ‘Thowolo B’ (Chiwona-Karltun et al.,
2000), and none of the reported six plants identified
as ‘depwete’ had the ‘typical’ genotype, whereas in
Matyenda-1 (where ‘depwete’ was frequently grown
since many years back) all but one of, 20 identified
plants had the ‘typical’ genotype. It is noteworthy
that the ‘Matyenda-1’ farmers, who reported growing
fewer cultivars, managed to identify a higher pro-
portion of plants (82%) with ‘typical’ genotypes. In
addition to ‘mbundumali’ and ‘gomani’ that had high
agreement in both communities the cultivars ‘dep-
wete’, ‘nyankhata’ and ‘nyamakozo’ had similarly
high agreement in Matyenda-1. This further supports
that small-scale cassava farming communities strive to
maintain distinct cultivars that are single genotypes.
An equally high agreement between the farmers’ cul-
tivar concept and one single genotype may well be
found in most of the small-scale cassava farming sys-
tems in Africa. However, the probability that specific
agreement between cultivar name and genotype may
be restricted to quite small areas cannot be excluded.
The names of the most popular cultivars, ‘gomani’
and ‘mbundumali’, are referred to over large parts of
Malawi. It remains to be shown if the use of these
names refers to the same genotypes in other parts of
Malawi.

Molecular markers can help breeding and exten-
sion programmes to understand the contemporary pat-
tern of genotypes used in the small-scale farming
communities. This would require collection of plant
material in a participatory interaction with local farm-
ers and analysis of DNA from several plants of each
common cultivar from each community before draw-
ing generalisable conclusions about the relationships
between name and genotype.

Farmers’ accuracy in identifying cultivars and
genotypes

Our morphological classification of plants was based
on a modified and extensively used botanical key for
cassava (Nweke et al., 1994). However, the discrim-
inant analysis showed that the plants with the ‘typ-
ical’ ‘mbundumali’ genotype were the only group that
could be distinctly differentiated by our morphological
classification of the plants (Figure 1). On the other
hand, when the farmers examined the plants they could

with relative ease differentiate 167 (92%) of the 181
plants with ‘typical’ genotypes. If the ‘depwete’ gen-
otype, the farmers’ only major problem, is excluded,
farmers correctly differentiated 97% of the remaining
153 plants with nine different ‘typical’ genotypes. The
farmer’s skilled accuracy was further supported by the
findings in the complementary study in 1997. Only 3
out of 45 plants identified as belonging to less common
cultivars turned out to have a ‘typical’ genotype of one
of the ten most grown cultivars. Once more, if ‘dep-
wete’ is excluded, the farmers’ mistakes concerned
less than 3% of the plants. It seems most peculiar
that farmers could correctly identify 43 (93%) plants
of the 46 with ‘typical’ genotypes of ‘gomani’ and
‘nyamakozo’, since when using the botanical key we
found considerable morphological overlap between
the plants of these two genotypes (Table 1 & Figure 1).

The reason for the farmers’ high accuracy in identi-
fying ‘gomani’ and ‘nyamakozo’ plants cannot be
attributed to the abundance of plants of these two
genotypes in the fields, since ‘nyamakozo’ was the
least grown cultivar of the ten (Chiwona-Karltun et
al., 2000). Neither can the high accuracy be attributed
to the farmers having planted cultivars in some easily
recognisable pattern in the fields. We clearly observed
that the farmers’ identification of the plants of each
cultivar always involved thorough searching through-
out each field and a careful examination of a consid-
erable number of plants. The farmers’ high accuracy
in identifying plants with the ‘typical’ genotypes of
the ten most common cultivars is most probably ex-
plained by their use of more detailed morphological
characters than the ones used by the investigators in
this study. The local classification of cassava plants
into cultivars with local names thus reflects a skilful
morphological recognition of several locally preferred
genotypes (Chiwona-Karltun et al., 2000). Farmers in
this part of Africa have cultivated cassava for only one
to two centuries (Jones, 1959; Carter et al., 1992). In
spite of this they appear to be as good at identifying
their local cassava genotypes as the Amerindians who
have been growing cassava for several thousands of
years (Boster, 1985; Bellon, 1996; Elias et al., 2000;
Salick et al., 1997; Moore, 1998). Careful use of
botanical keys developed for the whole species cannot
match the accuracy of local farmers in morphological
differentiation of their most common cassava cultivars.
We did not study which morphological markers farm-
ers used to be able to identify the genotypes with
such high accuracy, but our results strongly indicate
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that botanical keys for cassava should be developed in
close collaboration with the local farmers.

These findings would imply that a cultivar would
not be adopted within a farming system if it cannot
be morphologically distinguished from the cultivars
already grown in the area (Boster, 1985). A cas-
sava cultivar thus needs to be recognised as a distinct
morphological type before its yield, taste and other
qualities can be assessed in the local environment.
This has also been reported from cassava farming sys-
tems in South America (Boster, 1985; Sambatti et al.,
2001). Studies in the Amazonian basin of Peru have
shown that farmers select cultivars using perceptual
taxonomic characters that show the greatest variation,
i. e. leaf shape, petiole colour and stem colour (Boster,
1985; Salick et al. 1997; Elias et al., 2000, 2001;
Sambatti et al., 2001).

In addition to the handful of cultivars occupying
most of the land planted with cassava the small-scale
cassava farming systems also preserve a high genetic
bio-diversity of cassava. This is done by maintain-
ing some plants of many old name-given cultivars
and by testing new name-given cultivars from outside
their community. It is also done by collecting new
volunteer seedlings from sexually propagated cassava
in their fallow fields (Chiwona-Karltun et al., 1998;
Chiwona-Karltun et al., 2000). The DNA analysis
suggests that the least grown cultivars kept for bio-
diversity are more genetically heterogeneous than the
common cultivars. This is in accordance with what
has been found in small-scale Indian potato farming
systems (Johns & Keen, 1986) and in cassava diversity
studies (Bellon, 1996; Salick et al., 1997). Studies in
small-scale Indian cassava farming systems in South
America using morphological classification of plants
suggest that farmers in the same community may dif-
fer in their accuracy in recognising cultivars (Boster,
1984; Boster 1985; Salick et al., 1997; Sambatti et al.
2001). Besides the differences observed between the
two communities, we could not find any such pattern
among the 28 farmers included in this study.

Differences between ‘bitter’ and ‘cool’ cultivars

Farmers classified 8% of the plants with ‘typical’ gen-
otype as belonging to the wrong cultivar, but all 14
mistakes were made among the seven ‘bitter’ cultivars.
We saw no cases whereby the farmers misclassified
plants with ‘typical’ genotypes as ‘cool’ when they
were supposed to be ‘bitter’ or vice-versa. The root
cyanogenic glucoside levels in the ‘typical’ plants

of ‘bitter’ cultivars were four to seven fold higher
(Table 3 and 4) compared to the ‘cool’ cultivars with
‘typical’ genotypes. Only two of 11 ‘non-typical’ gen-
otypes found among plants identified as belonging to
‘cool’ cultivars were also found among plants identi-
fied as belonging to ‘bitter’ cultivars (Table 3). The
mean glucoside levels in roots of the plants with ‘non-
typical’ genotype were three fold higher for those
classified as belonging to ‘bitter’ cultivars than those
classified as ‘cool’ cultivars as shown in Tables 3
and 4. These findings indicate that farmer’s ethno-
classification of cassava cultivars into ‘cool’ and ‘bit-
ter’ reflects their knowledge of the potential risk of
poisonous effects from cyanogenic glucosides in the
roots.

These differences between ‘cool’ and ‘bitter’ cul-
tivars support the results from interview studies in
which the farmers in this part of Malawi were found
to regard ‘bitter’ and ‘cool’ cassava cultivars as two
different crops in their farming and food system
(Chiwona-Karltun et al., 1998; Chiwona-Karltun et
al., 2000). They maintained that roots from the ‘cool’
cultivars were safe for consumption in the raw form
whereas roots from the ‘bitter’ group of cultivars could
only be consumed safely as the staple food kondo-
wole after processing by soaking and fermentation,
drying and pounding into flour (Chiwona-Karltun et
al., 2000). This method of processing (Lancaster et al.
1982; Dufour, 1989) reduces cyanogenic compounds
to negligible levels (Banea et al., 1992).

The principle component analysis displayed in Fig-
ure 2, shows that the three genotypes of the ‘cool’
cultivars differed from all the seven genotypes of
the ‘bitter’ cultivars. This suggests that the farmers’
necessity to differentiate between ‘cool’ and ‘bitter’
cultivars might have influenced the genetic structure
of cassava by the way farmers over time decide which
cultivars to plant and which ones to discard (Wilson
& Dufour, 2002). The division observed in contem-
porary Malawi might have occurred locally, elsewhere
in Africa, or already in South America, many centur-
ies to millennia ago. A more speculative hypothesis
is that the two groups of cultivars constitute separate
domestication events (Allem, 1994; Dufour, 1995; Al-
lem, 1999; Rogers & Fleming, 1973; Ugent et al.,
1986). It should be noted that Amerindians also appear
to regard ‘bitter’ and ‘sweet’ cultivars as two differ-
ent crops (Box & Box-Lasocki, 1982; Sauer, 1963;
Dufour, 1993; Dufour, 1995). However, studies using
botanical taxonomy have not recognised any morpho-
logical signs of genetic division (Nordenskiold, 1924;
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Rogers 1965; Renvoize, 1972; McKey & Becker-
man 1993). This supports Boster’s hypothesis (Boster,
1985) that morphologic characters do not relate to
agronomic characters since differences in morpho-
logy are an effect of farmers’ need to perceptually
distinguish cultivars.

Conclusion

This study has shown that each of the most common
cultivars in the study area was composed of a majority
of plants with identical genotypes. On the other hand,
plants of the less common cultivars had in addition to
a typical genotype in most plants, mixture of several
rare atypical genotypes. Though farmers made some
mistakes in identifying plants as belonging to a com-
mon cultivar, they did not make any mistake between
the groups of bitter and cool, respectively. The mo-
lecular genetic and biochemical results are compatible
with a genetic separation between the cool and bitter
genotypes in this study area.

We conclude that the biological knowledge of cas-
sava cyanogenesis among small-scale African farmers
enables them to benefit from its protection against
theft with very limited risk, as the toxicity can be
removed by processing that takes almost one week.
The potential thieves, predominantly hungry young
males, are deterred by the duration of processing,
which is traditionally done only by women. Dietary
cyanide exposure from cassava is rare, and causes
severe health effects when short cuts in processing
brought about by food shortages induced by environ-
mental degradation, drought, severe poverty or war.
Ironically, toxic effects are most common where pro-
tection against theft is most needed. As the farmers
at risk will not plant non-toxic cultivars, transgenic
acyanogenic cassava will not help much in preven-
tion of cassava toxicity. Notwithstanding, acyanogenic
cassava may be useful where theft is rare and ‘cool’
roots are consumed without processing, as well as
to further the understanding of the biology of cyano-
genesis. Further analyses of the genetic differences
between ‘cool’ or ‘sweet’ and ‘bitter’ cultivars will tell
how and when they became genetically separated. The
differentiation may have affected many agronomic
characters and is therefore important to consider in the
maintenance of breeding populations. It seems to be
taxonomically important for cassava farmers that the
new cultivars fit into either of these two categories.
Scientists need to understand the mechanisms that de-

termine the adoption of new cultivars by small-scale
farmers.

Biotechnology indisputably has the potential to
improve food security among small-scale farmers in
Africa by the use of tissue culture, marker assisted
breeding and development of transgenics. We advoc-
ate that the advances in molecular genetics also should
be used to improve the understanding of farming and
food systems of poor small-scale farmers by combined
use of in-depth interviews, molecular techniques and
farmer participation.
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