
SUMMARY

Twenty-four improved and local genotypes of cassava
(Manihot esculenta) from Togo were screened under con-
trolled conditions for resistance to cassava bacterial
blight by stem-inoculation with four highly virulent Xan-
thomonas axonopodis pv. manihotis strains from different
African origins. The local genotypes Nakoko and
Toma159 were most susceptible to the four strains, while
most other genotypes, including the reference genotype
Ben86052, with susceptible reaction to at least two
strains, were resistant to at least one strain. Six genotypes
showed a resistant reaction to the four strains, the local
genotype Gbazékouté and the improved CVTM4 from
the International Institute of Tropical Agriculture (IITA)
being the most resistant. Six groups of genotypes with
differential reactions to the strains were identified, which
allowed the strains to be defined as pathotypes. 

Key words: Cassava bacterial blight, varieties, resist-
ance, X. axonopodis pv. manihotis, pathotypes.

INTRODUCTION

Cassava, Manihot esculenta Crantz (Euphorbiaceae),
is one of the major sources of carbohydrate throughout
Asian and African lowland tropics (Nilmanee, 1986)
and one of the most important crops in Africa
(FAO/GIEWS, 1995). It provides smallholder house-
holds with cash income, and low-income urban con-
sumers with a low-cost carbohydrate source (Nweke,
1994). Cassava production is reduced due to many abi-
otic and biotic constraints, attacks by pests and diseases
being the major ones (Nilmanee, 1986; Hahn et al.,
1989). Among the pathological constraints of cassava
production, cassava bacterial blight (CBB), caused by
Xanthomonas axonopodis pv. manihotis (Vauterin et al.,
1995), former Xanthomonas campestris pv. manihotis
(Bondar, 1915), is one of the most severe in South
America and Africa (Lozano, 1986).
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A countrywide cassava disease survey in Togo re-
vealed high CBB field incidence in all ecozones (Banito
et al., 2007). Typical symptoms of CBB include water-
soaked angular leaf spots, leaf blight and wilt, defolia-
tion, bacterial slime exudation on stems, petioles and
leaves, vascular necrosis and dieback (Wydra et al.,
2007). Yield losses of more than 50% due to CBB have
been reported (Fanou, 1999; Wydra and Rudolph, 1999). 

Recent field experiments showed a negative correla-
tion between some CBB symptom types and root yield
(Wydra et al., 2007). Most cassava growers are small
farmers (Phillips, 1974) with traditional technical know-
how and few economic resources (Lozano and Laberry,
1982), and usually produce their own planting material.
Since there is no chemical control for CBB, growing re-
sistant cultivars as part of an integrated control system
is an important measure (Wydra and Rudolph, 1999;
Wydra et al., 2003a; Banito et al., 2008).

Defense reactions (gels, tyloses and antimicrobial
compounds) against X. axonopodis pv. manihotis were
observed in the vascular system of infected cassava
plants (Kpémoua et al., 1996), with differences in reac-
tions between susceptible and resistant cultivars. Resis-
tance in M. esculenta, which was introgressed from the
wild relative M. glaziovii, is polygenic and additively in-
herited. Genetic diversity and resistance to CBB re-
vealed a high level of polymorphism among cassava va-
rieties (Sãnchez et al., 1999). Jorge et al. (2000) identi-
fied six regions of the cassava genome controlling resist-
ance to X. axonopodis pv. manihotis strains, confirming
the polygenic character of the resistance. A specific in-
teraction between the host and the pathogen was sug-
gested, and resistance markers specific for African bac-
terial strains were identified (Wydra et al., 2003a). 

Variation was observed among X. axonopodis pv.
manihotis strains in biochemical and physiological (Fes-
sehaie, 1997), serological (Wydra et al., 1999) and ge-
nomic characteristics (Restrepo et al., 1999; Assigbétsé
et al., 1999), and strain x genotype interactions have
been reported. In Colombia, 189 isolates were grouped
into seven clusters following stem-inoculation (Restrepo
and Verdier, 1997), and a set of 27, four and one patho-
type were identified, respectively, among bacterial
strains from different Colombian ecozones (Restrepo et
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al., 2000, 2004).
Local and improved cultivars from Togo have not

been characterized for their reaction to X. axonopodis
pv. manihotis, in order to find genotypes with a good
level of resistance, that could be recommended to farm-
ers/producers as part of an integrated system for CBB
control. Therefore, in the present studies selected cassa-
va genotypes from Togo and an international collection
were inoculated with strains from various geographic
origins and their reaction evaluated.

MATERIALS AND METHODS

Planting materials and bacterial strains. Test materi-
als consisted of cuttings from a total of 24 Togolese and
improved cassava genotypes. Genotypes from local
farms were Ankra, Cameroon, Fétonégbodji, Gbazék-
outé, Lagos, Nakoko, Tuaka. Genotypes 312-524,
Ben86052, CVTM4, Main27, TMS30572, MS4(2)1425,
TMS91/02316, TMS92/0057, TMS92/0067, TMS91/
02322, TMS92/0326, TMS92/0343, TMS92/0429,
Toma159, Toma219, Toma289 and Toma378 selected by
the International Institute of Tropical Agriculture
(IITA) from apparently CBB-free plants, were supplied
by the Institut Togolais de la Recherche Agronomique
(ITRA, Lomé/Togo). Standard genotypes Ben86052
(susceptible) and TMS30572 (resistant) were obtained
from the IITA Station in the Republic of Benin. 

Three highly virulent strains of X. axonopodis pv.
manihotis were used, i.e. GSPB2506, GSPB2507 and
GSPB2511 (Göttinger Sammlung phytopathogener
Bakterien, Institut für Pflanzenpathologie und
Pflanzenschutz der Universität Göttingen, Germany)
isolated by K. Wydra (IITA, Cotonou, Benin) in Coto-
nou, Ibadan and Onne (Nigeria), respectively, plus the
strain Uganda12, isolated in Uganda by B. Boher (Insti-
tut de Recherche pour le Developpement, France). 

Planting, maintenance and inoculation. Cuttings
were planted in pots with field soil from the forest sa-
vanna transition zone at Davie in a glasshouse (25 to
30°C and about 90% relative humidity) at the IITA
Benin-Station. Water was supplied whenever rainfall
was insufficient. Bacterial strains were grown for 48 h
on glucose yeast calcium carbonate agar medium (glu-
cose 5 g l-1, yeast extract 5 g l-1, calcium carbonate 10 g
l-1, agar 15 g l-1) (Dye, 1962). One-month-old, vigorous
plants were stem-inoculated with cultures of the four X.
axonopodis pv. manihotis strains by stem puncture using
a sterile toothpick with inoculum taken directly from
agar plates (Restrepo and Verdier, 1997; Wydra and
Rudolph, 1999). Each cassava genotype (4 plants) was
inoculated with each of the four strains in four repli-
cates. Control plants were stem-punctured using sterile
toothpicks without inoculum. Plant height was meas-

ured on the day of inoculation.

Disease symptom assessment. Symptoms were eval-
uated from 5 days post inoculation every five days up to
30 days, using a 1 to 5 arbitrary scale: class 1, no symp-
toms; class 2, wilting of one leaf; class 3, wilting of 2 to 4
leaves; class 4, wilting of more than 4 leaves; class 5,
dieback of the plant. The area under the disease
progress curve (AUDPC) was calculated on a single
plant basis by the trapezoidal integration over the whole
observation period as follows: 

AUDPC = ∑i[(DSi + DSi-1) x (ti – ti-1)]/2

where “i” = {5; 10; 15; 20; 25; 30} are the days of evalua-
tion, “DS” is the disease score using the above severity
scale of 1 to 5, and “t” represents the number of days
post-inoculation. (Shaner and Finney, 1977; Jeger and
Viljanen- Rollinson, 2001).

To avoid the area due to the note 1 (class 1), which is
supposed to be “zero”, each “DS” value was trans-
formed by subtracting “one” before integrating it into
the formula. AUDPC values were log-transformed to
stabilize variances and the analysis of variance was done
using the General Linear Model (GLM) of SAS soft-
ware (SAS, 1990, 1997). Based on the percentage of
AUDPC of each strain -means of highest AUDPC val-
ues of the four strains taken as 100%-, groups of resist-
ant (0-33.2%), moderately resistant (33.3-49.9%) and
susceptible genotypes (50-100%), were formed. After
adding the AUDPC values of the four strains (total AU-
DPC), groups of resistant, moderately resistant and sus-
ceptible genotypes were defined using the same per-
centage ranges as above. Principal component analysis
of disease severity expressed as AUDPC of the four
strains was done to confirm the grouping of differential
genotypes. Pearson correlation analysis between AUD-
PC and plant height at inoculation time was made to ex-
amine the relationship between plant height and viru-
lence of bacterial strains. 

RESULTS

A continuum of genotype reactions to the four
strains from susceptible to resistant was observed (Table
1, 2). Nevertheless, strong differential reactions with
one or two of the strains occurred with some genotypes,
such as Ankra, Ben86052, Cameroon, Fétonégbodji,
Main27 and Tuaka. Eleven of the 24 genotypes proved
to be resistant, four showed a moderately resistance and
nine were susceptible (Table 1). The reference genotype
Ben86052 was susceptible, with the highest total AUD-
PC of 104.5, while the standard CBB-resistant genotype
TMS30572 was moderately resistant. 

Analysing strain x genotype interactions, six groups
of differential genotypes, which could be useful for
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pathotype identification, were identified among the 24
genotypes assayed (Table 2). Strains Uganda12 and
GSPB2507 were significantly more virulent than
GSPB2511 and GSPB2506 (p < 0.0001). The four
strains represented four different pathotypes (Table 2). 

No correlation was found between plant height at in-
oculation time and virulence of the strains (coeff. –0.04,
p = 0.40). Principal component analysis of disease severi-
ty expressed as AUDPC of the 24 genotypes, revealed
high variation among them (Fig. 1). Nine genotypes on
the right side of the midpoint with high AUDPC
were generally susceptible, while 11 genotypes revealed
a low AUDPC. The lowest AUDPC was shown by
CVTM4 (24) and Gbazékouté (23). Genotypes with
high differential reactions fell under high or low IPCA2
score. Genotypes Toma159 (2) and TMS92/0057 (18)
had a highly variable reaction, whereas differential geno-
types Main27 (4), 312-524 (11), TMS91/02322 (13),
TMS92/0343 (14), TMS92/0429 (15) and TMS92/0067

(17) were identified to have low genotype x strain inter-
actions in the principal component analysis. 

DISCUSSION

Host plant resistance is an important factor in the in-
tegrated control of CBB. In the present study, the reac-
tion to CBB of 24 cassava genotypes from Togo and an
international collection was assessed, following stem-in-
oculation with four X. axonopodis pv. manihotis strains
from various geographic origins, and genotype x strain
interactions were evaluated.

Genotypes Ankra, Cameroon, Fétonégbodji, Lagos,
Nakoko and the reference genotype Ben86052, which
were susceptible when stem-inoculated, proved suscepti-
ble also in field trials in Togo (Banito et al., 2008), while
genotypes 312-524, TMS91/02322 and the standard
CBB-resistant genotype TMS30572 were moderately

Table 1. Reaction of 24 local and improved cassava genotypes to stem-inoculation by four highly virulent X. axonopodis pv. mani-
hotis strains under controlled conditions expressed as area under disease progress curve (AUDPC) over 30 days.

Total genotypes Uganda12
7

GSPB2507 GSPB2511 GSPB2506 Total AUDPC Reaction

1 Ben860524, 8 10.6±1.6 28.8±9.8 16.3±7.4 48.86±1.2 104.55 S
1

2 Toma159 28.8
6
±5.2 27.5±2.7 27.5±2.5 15.0±5.3 98.8 S

3 Nakoko 15.0±1.8 23.8±1.3 20.0±2.7 13.1±1.9 71.9 S
4 Main27 19.4±7.1 8.8±5.2 18.8±3.3 23.1±9.1 70.1 S

5 Tuaka
4

27.5±2.5 18.8±5.3 16.3±9.9 5.0±0.0 67.6 S
6 Ankra

4
20.6±4.8 15±2.3 28.1

6
±5.9 0.0±0.0 63.7 S

7 Cameroon
4

8.8±3.6 32.56±3.2 9.4±2.6 8.1±5.9 58.8 S
8 Fétonégbodji

4
24.4±0.6 18.1±4.5 7.5±4.8 5.0±2.3 55 S

9 Lagos 11.9±4.3 16.9±6.7 13.1±1.2 12.5±4.6 54.4 S
10 Toma219 13.1±4.3 12.5±7.5 15.6±5.8 4.4±2.1 45.6 MR

2

11 312-524 17.5±6.8 9.4±3.6 5.6±3.6 5.6±4.1 38.1 MR
12 TMS30572

8
16.3±1.6 8.8±5.6 3.8±2.2 8.1±4.9 37 MR

13 TMS91/02322 15.0±6.1 18.1±4.3 3.1±0.6 0.6±0.6 36,8 MR
14 TMS92/0343 18.1±1.2 12.5±2.3 1.3±1.3 1.3±0.7 33.2 R

3

15 TMS92/0429 10.6±6.2 18.8±6.8 0.6±0.6 2.5±2.5 32.5 R
16 TMS92/0326 18.8±5.9 1.9±1.2 6.9±4.0 1.9±1.2 29.5 R

17 TMS92/0067 18.8±1.3 3.8±2.2 1.9±1.2 4.4±1.9 28.9 R
18 TMS92/0057 5.6±3.6 8.3±5.8 0.0±0.0 7.5±4.4 21.4 R
19 Toma289 13.8±3.9 2.5±1.4 2.5±1.4 0.0±0.0 18.8 R
20 Toma378 8.1±3.6 8.12.4 1.3±0.7 1.3±1.3 18.8 R
21 TMS4(2)1425 5.6±2.6 6.3±3.3 1.9±1.2 0.0±0.0 13.8 R
22 TMS91/02316 6.3±3.3 0.6±0.6 5.6±3.3 0.0±0.0 12.5 R

23 Gbazékouté 5.6±2.8 0±0.0 0.0±0.0 0.6±0.6 5.0±1.8 0.0±0.0
24 CVTM4 0.6±0.610 0.0±0.0 6.2 5.6 R R

Total AUDPC
9

340.8a 301.8a 212.7b 168.2b

1S = susceptible 50-100% T (total)-AUDPC 52.3-104.5; 2MR = moderately resistant 33.3-49.9% T-AUDPC 34.8-52.2; 3R = resistant 0-33.2% T-AUDPC 0-

34.7; 4genotypes with differential reaction between strains; 5Highest AUDPC value used as 100% to determine the reaction group according to the total

AUDPC; 6The mean of the highest AUDPC values of the 4 strains was used as 100% value in order to determine the reaction group for each of the strains;
7X. axonopodis pv. manihotis strains from Cotonou, Benin (GSPB2506), Ibadan, Nigeria (GSPB2507), Onne, Nigeria (GSPB2511) and Kampala, Uganda

(Uganda12); 8Ben86052 and TMS30572 as susceptible and resistant standard, respectively; 9Sum of AUDPC values of 24 genotypes; 10Standard error.
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resistant after artificial inoculation as well as in field ex-
periments (Wydra et al., 2007). 

The susceptibility of genotypes Tuaka and Fétonég-
bodji to the disease, determined with a stem-inoculation
trial under field conditions (Boher and Agbobli, 1992)
was confirmed under glasshouse conditions by the pres-
ent study with the four bacterial strains. Genotypes
CVTM4 and TMS91/02316 were resistant after stem-in-
oculation and clustered in the more resistant group in
the general ranking across ecozones in field trials, while
genotypes Gbazékouté, Toma289 and Toma378 were re-
sistant after stem-inoculation, but were among the most
susceptible genotypes in field trials (Wydra et al., 2007;
Banito et al., 2008). The differential reaction of geno-
types under glasshouse or field conditions indicates that
the environment interferes with the plants behaviour.

Stem-inoculation has been reported as a suitable
method to screen cassava cultivars for resistance to CBB
(Restrepo et al., 2000). Defense mechanisms such as gels
and tyloses in cassava stems were described, and an im-
portant role in resistance of phloem and xylem parenchy-
ma cells was found. During systemic infection of the vas-

Fig. 1. Principal component analysis of area under disease
progress curve (AUDPC) after stem-inoculation of 24 geno-
types with four X. axonopodis pv. manihotis strains, with
genotypes 1-9 (susceptible), 10-13 (moderately resistant) and
14-24 (resistant). Genotype identification 1: Ben86052, 2:
Toma159, 3: Nakoko, 4: Main27, 5: Tuaka, 6: Ankra, 7:
Cameroon, 8: Fétonégbodji, 9: Lagos, 10: Toma219, 11: 312-
524, 12: TMS30572, 13: TMS91/02322, 14: TMS92/0343, 15:
TMS92/0429, 16: TMS92/0326, 17: TMS92/0067, 18:
TMS92/0057, 19: Toma289, 20: Toma378, 21: TMS4(2)1425,
22: TMS91/02316, 23: Gbazékouté, 24: CVTM4.

Table 2. Reaction of cassava genotypes stem-inoculated with four X. axonopodis pv. manihotis strains under controlled conditions
(glasshouse: 25 to 30oC and about 90% relative humidity), and differential genotypes for pathotypes identification.

Pathotypes Groups
of genotypes

1 Uganda12
1

GSPB2507 GSPB2511 GSPB2506 diff. gt.
2

1 Ben86052 R
3

S MR
4

S
5

1
6

2 Toma159 S S S MR -
3 Nakoko MR S S MR -
4 Main27 S R S S 2
5 Tuaka S S MR R 3
6 Ankra S MR S R 3
7 Cameroon R S R R 5
8 Fétonégbodji S S R R 4
9 Lagos MR MR MR MR -
10 Toma219 MR MR MR R 6
11 312-524 S R R R -
12 TMS30572 MR R R R 4
13 TMS91/02322 MR S R R 4
14 TMS92/0343 S MR R R 5
15 TMS92/0429 R S R R 6
16 TMS92/0326 S R R R 6
17 TMS92/0067 S R R R -
18 TMS92/0057 R R R R -
19 Toma289 MR R R R -
20 Toma378 R R R R -
21 MS4(2)1425 R R R R -
22 TMS91/02316 R R R R -
23 Gbazékouté R R R R -
24 CVTM4 R R R R 6

1X . axonopodis pv. manihotis from Cotonou, Benin (GSPB2506), Ibadan, Nigeria (GSPB2507), Onne, Nigeria (GSPB2511) and Kampala, Uganda

(Uganda12); 2diff. gt. = differential genotypes; 3R = resistant 0-33.2%, with AUDPC 34.6 (mean of highest value of the 4 strains) set as 100%, AUDPC 0-

11.4;. 4MR = medium resistant 33.3-49.9%, AUDPC 11.5-17.2; 5S = susceptible 50-141.0%, AUDPC 17.3-48.8; 6The same numbers indicate that the

corresponding genotypes belong to one differential group.
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cular tissue of resistant plants, barriers such as gels and
tyloses block xylem vessels and impair water movement,
while antimicrobial compounds accumulate to inhibitory
concentrations in infected vessels (Deshappriya, 1992;
Kpémoua, 1995). Differences between resistant and sus-
ceptible cultivars have been observed in the amount of
gels, tyloses and antimicrobial compounds in vascular tis-
sues, physiological activities, and morphological modifi-
cations (Kpémoua et al., 1996), and may have con-
tributed to the susceptibility or resistance of genotypes
screened in the present investigation. The presence of ad-
ditional mechanisms of resistance (types and amount of
wax) at the leaf level was also suggested by Zinsou et al.
(2002, 2004) and Wydra et al. (2003a).

Strain x genotype interactions were observed, and
strains GSPB2506, GSPB2507, GSPB2511 and Ugan-
da12 were identified as different pathotypes according
to their reactions on six groups of differential geno-
types. Genotypes deriving from a backcross of five F1
individuals with the female parent TMS30572 varied in
their reaction at the leaf and stem level against the four
strains, which were also defined as different pathotypes
according to their reaction on genotypes (Zinsou et al.,
2002, 2003). 

A specific interaction between the cassava plant and
the pathogen was suggested, and resistance markers
specific to CBB strains were recently identified with
some African strains (Wydra et al., 2003b). Restrepo
and Verdier (1997) reported strain x genotype interac-
tions at the stem level and pathotypes were identified
among X. axonopodis pv. manihotis strains also in
Colombia (Restrepo et al., 2000). Wydra et al. (2003b)
and Zinsou (2002) reported on differences between
genotypes in reaction towards leaf- as compared to
stem-inoculation and suggested the existence of inde-
pendent mechanisms of resistance at the leaf level. This
fact may have contributed to the differences observed
between field evaluation and reaction to stem-inocula-
tion in the glasshouse. 

The principal component analysis was generally in
accordance with the grouping based on AUDPC differ-
ences. However, genotype Toma159, which was not
among the differential genotypes based on the AUDPC
differences, proved to be a highly variable genotype in
the principal component analysis. However, this vari-
ability did not include a resistant reaction in the group-
ing of differential genotypes. On the other hand, some
differential genotypes were identified to have low geno-
type x strain interactions in the principal component
analysis. This position in the two-dimensional biplot is
due to the fact that in the principal component analysis
the real AUDPC values were used, while the grouping
of differential genotypes was based on a grouping of a
percentage of AUDPC. Considering the differences in
reaction of genotypes to stem- and leaf-inoculation, and
between stem-inoculation and field evaluation, field-

testing in various ecozones and leaf-inoculation are rec-
ommended for selection of resistant genotypes.

Genotypes TMS30572 and TMS91/02316, which, af-
ter stem-inoculation produced a resistant and moderate-
ly resistant, and resistant reaction, respectively, showed
low disease severity and high root yield in field trials,
while TMS92/0326 and TMS92/0057, and Cameroon
and Ben86052 which reacted as resistant and suscepti-
ble after stem-inoculation, respectively, revealed toler-
ance to the disease under field conditions (Wydra et al.,
2007; Banito et al., 2008). Thus, genotypes TMS30572
and TMS91/02316 can be recommended to farmers.

Stem-inoculation with a set of pathotypes under con-
trolled conditions revealed important genotype x patho-
type interactions, thus it can be recommended to breed-
ers for selection of potentially resistant genotypes. How-
ever, trials under field conditions in different environ-
ments are also needed.
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