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Abstract 
Xanthomonas phaseoli pv. manihotis (Xpm) is the causal agent of Cassava Bacterial Blight (CBB), one of the 
most important cassava diseases. The aim of this study was to evaluate the susceptibility of sweet cassava 
genotypes to strains of Xpm from three different geographic regions of Brazil in greenhouse conditions. The 
inoculation of 14 genotypes of cassava was made by cutting leaflets using scissors previously soaked in a 
bacterial suspension with 1 × 108 UFC ml-1 and also by inserting a soaked toothpick into the bud of the oldest 
leaf. The results showed significant differences when the cassava genotypes were individually evaluated in 
relation to the Xpm strains used; however, the relationship between cassava genotypes and Xpm strains was 
significant for wilt symptom. The UnB 1111 strain was more aggressive than the UnB 1386 strain based on the 
average value of the reaction grade, showing the variation that exists between the bacterial isolates from different 
regions. Considering the reaction of cassava germplasm’s resistance to the three strains used in the study, the 
BGMC 434 genotype was the only one classified as resistant based on the average reaction grade. The genotypes 
BGMC 753, BGMC 1289, BGMC 982 and the elite clones BRS 396, BRS 397, BRS 398, 259/08 and BRS 399 
were classified as moderately resistant, which indicates the possibility of recommending them for disease 
favorable regions.  
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1. Introduction 
Cassava, Manihot esculenta Crantz (Euphorbiaceae), is a perennial shrub grown mainly in tropical countries. It 
is important in the food security of these populations due to its robustness, which is reflected in the capacity to 
store high amounts of starch in its roots under conditions in which other species would not even survive 
(Filgueiras & Homma, 2016). Brazil is the 5th largest world producer of cassava (FAOSTAT, 2019), with an area 
of 1,362,185 hectares and a production of 18,994,242 tons (IBGE, 2020). However, the productive potential of 
the crop can be limited by the attack of pests and diseases, so protection against these is a crucial element in the 
production of cassava (Fukuda et al., 2002; Ceballos et al., 2004). 

One of the main diseases that affect the crop in cultivation areas in the Center South region of Brazil is the 
bacteriosis known as Cassava Bacterial Blight (CBB) (Fukuda et al., 2002) caused by Xanthomonas phaseoli pv. 
manihotis (Xpm) (Constantin et al., 2016). In conditions favorable to the development of the disease, with 
sudden temperature fluctuations between day and night above 10 °C and annual precipitation above 1200 mm, 
root yield losses can vary from 30 to 100% (Anjos et al., 2013). 

The first symptoms of bacteriosis in the Cerrado region of Central Brazil usually appear at the beginning of the 
rainy season, after the dry season, and show their maximum at the peak of the rainy season. The infected plants 
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initially show wilting on the young leaves, irregular watery spots on the leaflets, symptoms of a systemic nature, 
such as canker and exudation of gum on the stems and descending death of the leaves, culminating in the death 
of the plant. The bacterium invades the plant systemically through the xylem vessels, which are responsible for 
transporting water and mineral salts (Hillocks & Wydra, 2002; Anjos et al., 2013). 

The spread of the pathogen in the same planting area occurs through rain, which disperses bacterial cells present 
in the exudation of infected plants to healthy plants. The penetration of bacteria in healthy plants occurs through 
natural openings and wounds present in the leaves. The spread of the bacterium over long distances occurs 
through the planting of contaminated seeds, especially in new areas where the disease is not yet present. When 
the propagation material is contaminated by the bacterium Xpm, sprout losses of more than 25% can occur 
(López, 2002; Anjos et al., 2013). 

Differences in virulence were found between Xpm isolates in Africa and Latin America, which showed different 
speeds in the appearance of bacteriosis symptoms, due to the variation in aggressiveness between the isolates 
(Restrepo et al., 2004; Portz et al., 2006; Nery-Silva et al., 2007; Banito et al., 2010; Ogunjobi et al., 2010, 
Martin et al., 2017). Recent transcriptome studies indicate that the various responses of accessions to Xpm may 
result from the action of TALEs—Transcription Activator Like Effectors (Ramirez et al., 2020).  

Since the Xpm bacterium has a systemic habit, curative control methods are not viable. The use of resistant 
varieties is the most efficient control method, even in climatic conditions favorable to the development of the 
epidemic, considering that they suffer fewer losses from the disease (Fukuda et al., 2002; Ceballos et al., 2004; 
Nery-Silva et al., 2007, Martin et al., 2017). 

The objective of the study was to evaluate the reaction of genotypes of sweet cassava to isolates of Xanthomonas 
phaseoli pv. manihotis from three geographic regions of Brazil under greenhouse conditions.  

2. Method 
2.1 Cassava Accessions Used 

To carry out the study, six accessions of table cassava (Table 1) conserved in the Regional Collection of Cassava 
of the Cerrado (BGMC) were selected, and these were: (i) three varieties recommended for cultivation in the 
Federal District and Surrounding Region, BGMC 982 (IAPAR 19), BGMC 753 (IAC 576-70) and BGMC 1289 
(BRS Moura) (Fialho et al., 2009; Vieira et al., 2009, 2011b, 2018); (ii) the variety recommended for cultivation 
in the region of the Recôncavo Baiano and the Coastal Tablelands, BGMC 1398 (BRS Dourada); (iii) the 
‘Taquari’ variety (BGMC 434) used as a standard for bacteriosis resistance; (iv) the ‘Vassourinha’ variety 
(BGMC 962) used as a standard for susceptibility to bacteriosis. In addition to these six accessions, eight elite 
sweet cassava clones from the Embrapa Cerrados genetic improvement program were also used in the study 
(BRS 399, BRS 396, BRS 397, 215/08, 259/08, 83/08, BRS 398 and 26/08).  

 

Table 1. Genotypes and genealogy of cassava accessions evaluated in this study 

Genotypes Genealogy 
26/08 BGMC 751 × BGMC 753 

83/08 BGMC 751 × BGMC 753 

215/08 BGMC 751 × BGMC 753 

246/08 BGMC 751 × BGMC 753 

259/08 BGMC 1289 × BGMC 753 

BRS 396 BGMC 1289 × BGMC 753 

BRS 397 BGMC 1289 × BGMC 753 

BRS 398 BGMC 1218 open pollination 

450/08 BGMC 1218 open pollination 

BRS 399 BGMC 1218 open pollination 

BGMC 753 (IAC 576-70) IAC Ouro do Vale open pollination 

BGMC 982 (IAPAR 19) Landrace (local variety) 

BGMC 1289 (BRS Moura) Landrace (local variety) 

BGMC 1398 (BRS Dourada) Landrace (local variety) 

‘Taquari’ (BGMC 434) Landrace (local variety) 

‘Vassourinha’ (BGMC 962) Landrace (local variety) 
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The plants were obtained by the method of rapid propagation (Rodrigues et al., 2008) with some adaptations, 
where approximately 10 cm seedlings were planted in plastic vases of 2-liter capacity, filled with substrate that 
served as a propagation chamber, which aims to increase the temperature and relative humidity inside the 
chamber, stimulating the production of shoots. After the shoots reached approximately 10 cm in height, they 
were cut and placed for rooting in sterile water. The rooted shoots were transplanted individually into plastic 
bags suitable for seedlings, which were 10 cm wide, 20 cm high and 0.07 cm thick; these were filled with an 
autoclaved mixture composed of red latosol, sand, tanned bovine manure and vermiculite, in the following 
proportions 2:1:1:1, in addition to which 40 liters of the mixture and 100 grams of the NPK fertilizer formulation 
(4-14-8) were added. The transplanted seedlings were placed on concrete benches inside the greenhouse for 
acclimatization.  

The vigorous seedlings of the accessions produced by the method of rapid propagation were selected uniformly, 
with height between 25 and 30 cm. These were transplanted into plastic vases of 2 L capacity, using the 
autoclaved substrate in the proportions previously described. After transplantation, the seedlings were placed on 
concrete benches inside the greenhouse. The greenhouse was covered with a shade screen with 30% shade, in 
order to reduce the direct incidence of sunlight on the plants and the temperature inside the greenhouse. One 
week after transplantation, plants were inoculated with the three strains of Xpm used in the study, plus the control 
with distilled water. 

2.2 Plant Pathogenic Bacteria Tested 

Three strains of Xpm from three regions of Brazil were used: UnB 1386 (Planaltina-DF), UnB 1152 
(Manaus-AM) and UnB 1111 (Paranavaí-PR), preserved in the collection of the Bacteriology Laboratory of the 
Department of Phytopathology of the Institute of Biological Sciences of the University of Brasília. 

2.3 Bacterial Inoculation 

The bacterial suspension was prepared using new Xpm cultures, grown in 523 medium (Kado & Heskett, 1970) 
for 48 h. The strains of the bacterium were diluted in sterile distilled water and the suspensions measured in a 
spectrophotometer with a wavelength of 550 nm until absorbance 0.350 was obtained, which corresponds to the 
concentration of 1 × 108 CFU ml-1.  

The inoculation of the leaves was performed by prior immersion of small, sterile scissors in the bacterial 
suspension and subsequent cutting of three leaflets in different leaves. Sterile toothpicks were used to inoculate 
the stem, immersed in the bacterial suspension for 10 minutes. One toothpick per plant was inserted into the 
axial side of the oldest leaf. 

The monitoring of the temperature and relative humidity of the air inside the greenhouse was performed by a 
datalogger (ITLOG-75), programmed to record the hourly parameters. 

2.4 Evaluation of Cassava Accessions to Cassava Bacterial Blight 

The assessment was made based on the scale of Ramos and Takatsu (1987), with modifications where the 
symptoms of the aerial part were measured through the quantification of leaf spots and wilting, the systemic 
infection was measured through the quantification of regrowth with or without descending death, appearance of 
bacterial pus on the stems and descending death (Table 2). The symptoms of the aerial part were evaluated 
individually according to the variation in the speed of appearance over the weeks (Table 2). For the intervals of 
variations in the onset of symptoms, scores were assigned, which ranged from 1 to 5 (Table 2). 

The relationship between the symptoms was determined by the average of the notes of the symptoms of spot (S), 
wilt (W) and complex of symptoms of systemic nature (CSSN), which is called degree of reaction (DR). After 
obtaining the averages of the grades represented by the DR, the classification of the reaction of the cassava 
accessions to Xpm was performed using the variations of the DR (Table 2). 
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Table 2. Scales of grades attributed to the different intervals of appearance of leaf spots, wilt and symptoms of 
systemic nature, in plants inoculated with Xanthomonas phaseoli pv. manihotis (adapted from Ramos & Takatsu, 
1987) and resistance and susceptibility ranges, based on the degree of reaction (DR) related to the symptoms of 
bacteriosis 

Grades Strain symptoms 
1 No symptoms of the disease 

2 Appearance of leaf spots typical of the disease from 4 weeks after inoculation 

3 Appearance of leaf spots typical of the disease in the 3rd week after inoculation 

4 Appearance of leaf spots typical of the disease in the 2nd week after inoculation 

5 Appearance of leaf spots typical of the disease in the 1st week after inoculation 

Grades Wilt symptoms 
1 No symptoms of the disease 

2 Appearance of wilted leaves typical of the disease from the 5th week after inoculation 

3 Appearance of wilted leaves typical of the disease in the 4th week after inoculation 

4 Appearance of wilted leaves typical of the disease in the 3rd week after inoculation 

5 Appearance of wilted leaves typical of the disease in the 2nd week after inoculation 

Grades Symptoms of a systemic nature 
1 No symptoms of the disease 

2 Partial recovery without descending death from the apex of the plant 

3 Partial recovery with descending death from the apex of the plant 

4 Presence of bacterial exudation along the stem without or with partial recovery 

5 Descending death of the plant, with the presence of exudate and without partial recovery 

DR Classification regarding resistance and susceptibility, based on the degree of reaction (DR) 
1.0-2.0 Resistant (R) 

2.1-3.0 Moderately resistant (MR) 

3.1-4.0 Moderately susceptible (MS) 

> 4.1 Susceptible (S) 

 

2.5 Statistical Analysis 

The experimental design used was completely randomized (CDR), in a factorial scheme composed of 14 
genotypes of cassava and three strains of Xpm, with five replicates for each treatment. The data were first 
transformed into the square root of X and later submitted to joint variance analysis. The means were compared 
using the Tukey test at 5% probability of error. All statistical analyses were performed with the aid of the SAS 
statistical program (Statistical Analysis System-version 9.1.3) (SAS, 2006).  

3. Results 
The results of the joint analysis of variance revealed the existence of significant differences at 5% probability of 
error, in relation to the average scores of the individual symptoms of S, W, CSSN and DR, between the 
genotypes evaluated for the three strains of Xpm used in the study (Table 3). This revealed the existence of 
genetic variability regarding the resistance of genotypes to Xpm. As for strains, only significant differences were 
detected at 5% probability of error between strains for W and DR, showing that the strains evaluated show 
different degrees of aggressiveness when these characters are considered (Table 3). However, the presence of 
significant interaction between the genotype and strain effects was detected only for W. This indicates that the 
order of classification of the genotypes regarding the symptoms of W was influenced by the strain effect, as the 
accessions presented different responses to the strains. This can be explained by genetic variations in both 
genotypes and strains. 
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Table 3. Summary of the analysis of joint variance and coefficient of variation (CV%) of the symptoms of spots 
(S), wilt (W), complex of symptoms of a systemic nature (CSSN) and the degree of reaction (DR) of 14 
genotypes of table cassava inoculated with three isolates of Xanthomonas phaseoli pv. manihotis 

SV* DF** 
MS***

S W CSSN DR 
Genotypes (G) 13 0.0269* 0.0770* 1.5108* 0.4599* 

Isolates (I) 2 0.0008 0.5066* 0.1203 0.0821* 

Interaction G x I 26 0.00032 0.0586* 0.0386 0.0105 

Residue (R) 168 0.0022 0.0147 0.0876 0.0129 

Total 209  

CV (%) ****  2.32 9.32 24.37 6.58 

Note. * SV = Sources of Variation; ** DF = Degrees of Freedom; *** MS = Mean Square; **** CV = 
Coefficient of Variation.  

 

The average temperature in the evaluation period was 23.9 °C, with a maximum of 30.2 °C and a minimum of 
16.4 °C. The average relative air humidity was 86.8% in the period of the research, with a maximum of 99.9% 
and a minimum of 49.9%.  

Through the average of the degree of reaction (DR), it was possible to separate the cassava genotypes into four 
groups of resistance to Xpm. Considering the three strains of Xpm, a difference was observed regarding the 
reaction of the cassava genotypes, which allowed them to be grouped into resistance classes (Table 4). 

 

Table 4. Comparison of averages of 14 genotypes of table cassava inoculated with three isolates of Xanthomonas 
phaseoli pv. manihotis, by means of individual symptoms of wilt (W), spot (S), systemic symptom complex 
(CSSN) and the degree of reaction (DR) and the classification as to the degree of resistance in resistant (R), 
moderately resistant (MR), moderately susceptible (MS) and susceptible (S), through individual symptoms 

Genotype 
W UnB 1386, UnB 1111 and UnB 1152 

General Reaction 
UnB 1386 UnB 1111 UnB 1152 S CSSN DR 

BGMC 962 4.58 aA* 5.00 aA 5.00 aA 4.33 ab** 4.20 a 4.45 a S 

83/08 4.80 aA 4.41 aA 4.00 abcA 4.00 c 2.25 b 3.46 b MS 

BGMC 1398 4.58 aA 5.00 aA 5.00 aA 4.58 a 2.62 b 3.96 ab MS 

26/08 4.16 abA 4.80 aA 4.58 abA 4.00 c 2.04 b 3.42 b MS 

BRS 397 3.96 abA 3.96 aA 3.17 bcA 4.08 bc  1.25 c 2.86 c MR 

BRS 396 3.96 abA 4.41 aA 3.53 abcA 4.00 c 1.14 c 2.86 c MR 

BGMC 1289 3.96 abA 3.96 aA 3.17 bcA 4.00 c 1.00 c 2.69 c MR 

BGMC 753 3.76 abcA 4.58 aA 3.57 abcA 4.00 c 1.17 c 2.86 c MR 

215/08 3.50 abcB 4.58 aA 2.96 cB 4.00 c 1.00 c 2.69 c MR 

BRS 398 3.39 abcA 4.20 aA 3.17 bcA 4.00 c 1.00 c 2.66 c MR 

BRS 399 2.96 bcA 3.57 aA 3.57 abcA 4.00 c 1.00 c 2.59 c MR 

BGMC 982 2.79 bcB 4.16 aA 2.96 cB 4.00 c 1.06 c 2.59 c MR 

259/08 2.53 cB 3.57 aA 4.00 abcA 4.00 c 1.25 c 2.72 c MR 

BGMC 434 1.35 dA 1.93 bA 1.77 dA 4.00 c 1.00 c 2.00 d R 

Overall average 3.59 4.16 3.61 4.07 1.57 2.99  

Note. * = Means followed by uppercase letters in the horizontal, and lowercase letters in the vertical, differ from 
each other at 5% probability of error by the Tukey means comparison test; ** = Average values for the three 
isolates used in this experiment.  

 

Considering the DR average in relation to the three strains used in the study, the BGMC 962 genotype was 
classified as susceptible to the disease, in line with its previous classification by Vieira et al. (2011a). In turn, the 
BGMC 1398, 26/08 and 83/08 genotypes were classified as moderately susceptible by means of the mean DR 
value (Table 4). 

The analysis of the averages of the degree of reaction (DR) for the three Xpm isolates, considering the 14 cassava 
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genotypes, allowed us to establish the difference in aggressiveness between the strains used in the study (Table 
5). From the comparison of the averages of the degree of reaction, strain UnB 1111 was more aggressive than 
strain UnB 1386. Strain UnB 1152 showed intermediate aggressiveness in relation to strains UnB 1111 and UnB 
1386. 

 

Table 5. Comparison of means of three strains of Xanthomonas phaseoli pv. manihotis by means of wilt (W) and 
degree of reaction (DR), evaluated in 14 genotypes of table cassava 

Strains W DR 

UnB 1111 4.12* a** 3.10 a 

UnB 1152 3.57 b 2.96 ab 

UnB 1386 3.53 b 2.86 b 

Note. * = Statistical analysis performed with transformed means for square root of X and untransformed data 
presented in the table; ** = Means followed by distinct letters in the column differ from each other, at 5% 
probability of error by the Tukey means comparison test. 

 

4. Discussion 

The genotypes BGMC 753, BRS 396, BRS 397, 215/08, BGMC 1289, BRS 398, 259/08, BGMC 982 and BRS 
399 were classified as moderately resistant, based on the mean DR value. The accessions BGMC 982 and 
BGMC 753 had already shown resistance to bacteriosis in an experiment conducted in Planaltina-DF (Vieira et 
al., 2011a). The accession BGMC 434 was classified as resistant, according to the average values of DR 
considering the three strains (Table 4). 

The differences in the genetic constitution of the cassava genotypes are responsible for the classification 
variation after inoculation with Xpm strains from different regions. It is especially important to carry out studies 
in regions where cassava cultivars will be produced, when the objective is to select and recommend materials 
resistant to Xpm. The existence of differences in the classification of cassava genetic constitutions, using Xpm 
strains under greenhouse conditions, has already been reported (Wydra et al., 2004; Restrepo et al., 2004; 
Nery-Silva et al., 2007; Banito et al., 2010). In a similar study, the occurrence of a significant interaction 
between 26 isolates of Xpm and 17 genotypes of cassava was detected after the inoculation of the plant stems 
measured under the area of the disease progress curve (Restrepo et al., 2004). However, the interaction of 
isolates x cassava genotypes after leaf inoculation was not significant. Banito et al. (2010) used four highly 
virulent Xpm strains from different African regions and 24 cassava genotypes among local and improved 
varieties. After the inoculation of the plant stems, they found that the interaction of isolates x cassava genotypes 
was significant, with six groups of different genotypes being useful for identifying the pathotype, differing from 
the result obtained in this study for the DR. 

Nery-Silva et al. (2007) used the same scale of visual symptom scores of aerial parts used in this study and 
evaluated ten cultivars of sweet cassava and eight clones of bitter cassava, using two strains of Xpm. They 
observed that five varieties of sweet cassava demonstrated differences regarding resistance classification, and no 
variety of manioc showed variation, being all classified as resistant to disease. In other studies, there were also 
differences in the classification of cassava genotypes regarding the resistance group after inoculation of Xpm 
isolates. After inoculation of the stem of 111 improved cassava genotypes, with suspensions 107 UFC mL-1 of 
four stems of Xpm in greenhouse conditions, Wydra et al. (2004) revealed that based on the average of the area 
below the disease progress curve, 16 genotypes were resistant, 26 showed moderate resistance and 69 
susceptibility. Banito et al. (2010) reported that 11 cassava genotypes were classified as resistant, four as 
moderately resistant and nine as susceptible after the inoculation of the stems of 24 local cassava varieties with 
four virulent strains of Xpm. 

When evaluating 1090 cassava accessions, composed of traditional varieties and improved in terms of the 
reaction of cassava germplasm to three strains of Xpm under greenhouse conditions, Ogunjobi et al. (2010) 
reported that of the 490 local varieties used in the study, 30.1% were highly susceptible, 12.3% susceptible, 
24.3% tolerant and 14.3% resistant. Among the 600 improved cassava accessions, 4.3% were highly susceptible, 
36.6% tolerant, 30.1% resistant and 11.1% showed high resistance. The differences in the classification of 
cassava accessions from the average reaction grade (DR), with the use of Xpm strains in the inoculation of leaves 
and stems, can be explained by the genetic variability between cassava accessions and Xpm isolates from 
different locations. 
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The cassava genotypes 215/08, BGMC 982 and 259/08 showed significant interaction with the Xpm strains used 
in the study for the symptom of W. When inoculated with strain UnB 1111, the plants of genotypes 215/08 and 
BGMC 982 showed quicker appearance of wilted leaves than when inoculated with strains UnB 1386 and UnB 
1152. When inoculated with strains UnB 1111 and UnB 1152, plants of genotype 259/08 showed a greater speed 
in the appearance of wilted leaves than when inoculated with the strain UnB 1386. The variation in the speed of 
appearance of withered leaves of a given cassava genotype with the inoculation of different strains of Xpm can 
be explained by the genetic variability between the cassava genotypes and the difference in aggressiveness 
between the Xpm strains. Analyzing the capacity of colonization of vascular tissue after inoculation with strains 
of Xpm in genotypes of sweet and bitter cassava, Nery-Silva et al. (2007) found differences in the percentage of 
systemic infection with the variation of the Xpm strain. 

Considering the 14 cassava genotypes, the analysis of the mean of the symptom of W for the three isolates of 
Xpm allowed us to establish differences in the speed of symptom manifestation throughout the evaluation period. 
From the comparison of averages for W, the cassava genotypes inoculated with strain UnB 1111 showed a higher 
rate of onset of wilted leaves than when inoculated with strains UnB 1152 and UnB 1386. A factor that may have 
influenced the greater speed of manifestation of the symptom of W in cassava seedlings inoculated with strain 
UnB 1111 is a high capacity for colonization of vascular tissue, which obstructs the passage of water and 
nutrients, due to the genetic characteristic of the strain. In a similar study, assessing the percentage of systemic 
stem infection after the inoculation of eight bitter cassava genotypes with two strains of Xpm, Nery-Silva et al. 
(2007) found that the Uberlândia strain was more efficient in colonizing vascular tissues than the Lavras strain. 

In similar studies, it was possible to verify the difference in aggressiveness between the strains of Xpm from 
different regions. Through the evaluation of 21 isolates of Xpm in relation to aggressiveness, using the ‘Verdinha” 
variety that is highly susceptible to the pathogen, it was possible to determine six isolates of Xpm as more 
aggressive than the others (Portz et al., 2006). Nery-Silva et al. (2007) evaluated 10 cultivars of sweet cassava in 
relation to the reaction to Xpm from the region of Lavras-MG and Uberlândia-MG. Based on the average values 
of the visual symptoms of the aerial part, percentage of systemic infection and percentage of defoliation, they 
reported the occurrence of differences in aggressiveness between the isolates employed in the study, the 
Lavras-MG isolate being more aggressive than that of Uberlândia-MG for the three characteristics evaluated. 

Comparable results were described by Banito et al. (2010), when evaluating the aggressiveness of four Xpm 
isolates from different African regions after inoculation of the plant stems of 24 local and improved varieties of 
cassava. Those authors found that the Uganda 12 and GSPB 2507 strains were more aggressive than the GSPB 
2511 and GSPB 2506 strains. Ogunjobi et al. (2007) evaluated the aggressiveness of 72 Xpm isolates in six 
cassava accessions. Of all the Xpm isolates, 10% were not aggressive for the ‘Isu’ variety; however, 58.5% were 
highly aggressive for the same variety. As for clones 30572 and 94/0430, 34% and 32.7% of the Xpm isolates 
were moderately aggressive, respectively. Both clones were resistant to 12.9% of the tested isolates. Only 44.2% 
of the Xpm isolates were highly aggressive to clone 4 (2) 1425, but it was moderately resistant to 45% of the 
Xpm strains. Clones 96/0037 and 60142 were resistant only to 8.2 and 8.8% of the Xpm strains, being susceptible 
to 58.5 and 61.9% of the strains, respectively. 

In the Cote d'Ivoire, in the field, Martin et al. (2017) also observed variation in the aggressiveness of Xpm, 
suggesting that it is associated with different bacterial strains and different varieties of cassava used in the 
region, which present different levels of sensitivity to the pathogen. This field experiment also took place under 
favorable climatic conditions for the pathogen, such as alternate rainy and dry seasons, high humidity and 
significant temperature oscillations between day and night. 

In the present study, the only genotype classified as resistant in terms of the average degree of reaction for the 
three strains evaluated was accession BGMC 434. The genotypes recommended for cultivation in the Federal 
District and Surrounding Region, BGMC 753 (IAC 576-070), BGMC 1289 (BRS Moura), BGMC 982 (IAPAR 
19) and the elite clones BRS 396, BRS 397, 446/08, 259/08, 215/08 and BRS 399 were classified as moderately 
resistant to bacteriosis. 

5. Conclusion 
There were significant differences between cassava genotypes and Xpm strains. The UnB 1111 strain was more 
aggressive than the UnB 1386 strain. The BGMC 434 genotype was the only one classified as resistant in terms 
of the average degree of reaction for the three strains evaluated, proving its resistance pattern. The cultivars 
BGMC 753, BGMC 1289, BGMC 982 are already widely used by farmers in the Federal District and 
Surrounding Region, and they presented as moderately resistant to Xpm for the three strains, as did the elite 
clones BRS 396, BRS 397, 446/08, 259/08, 215/08 and BRS 399, presenting the potential for cultivation in 
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regions where climatic conditions are favorable for the development of the disease. 
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