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Abstract
Cassava growth in Côte d’Ivoire is affected by the variation in weather conditions and various pests and diseases. Cassava 
Bacterial Blight is a particularly destructive disease influenced by weather conditions which can lead to 100% yield loss. 
In order to provide sustainable control strategies, it is essential to understand the occurrence and the behaviour of the 
disease in the different ecological zones in Côte d’Ivoire. Surveys were carried out in cassava fields from 2014 to 2017 in 
the seven Ivorian agro-ecological zones. These fields were assessed for the disease presence/absence, the severity index 
(SI) and the disease incidence (DI). Weather data were provided by weather stations in Côte d’Ivoire. The results of this 
study showed that the disease was present in mainly the agro-ecological zones 1, 2, 3 and 4 representing the higher 
yield potential zones of cassava production. Disease expression was variable depending on the years and the prevalent 
weather conditions in each agro-ecological zone. The high SI and DI were found in the agro-ecological zones 1, 4 and 6. 
The disease was able to reach rates of 100% in many zones for both SI and DI with dieback incidence mainly in the agro-
ecological 1, 4 and 6 zones under unfavourable (low rainfall, RH, NRD) and favourable conditions. It is therefore urgent 
to implement control strategies such as such as the integration of new cassava varieties, screening under different agro-
ecological zones and improvement of varieties in order to provide resistant varieties to the farmers.
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1 Introduction

Plant diseases constitute one of the major constraints to 
agricultural productivity [1]. They are responsible for great 
damage and can significantly reduce crop performance 
and yield [2, 3]. These losses have been estimated to 
reduce global food production by 10–20%, representing a 
threat to food security [1, 4]. Disease occurrence is strongly 
related to the interaction between plant-pathogen-envi-
ronment. According to the climate model predictions, 

extreme weather conditions would affect the interactions 
between plants and pathogens and increase risks of plants 
infection, spatial distribution, incidence and severity of 
plant diseases [1, 5]. The main weather factors influenc-
ing disease development are temperature, light and water 
[5] and unpredictable disease outbreaks are expected to 
happen in the event of rapid changes in these factors [6].

Plant disease pathogens infect diverse hosts and in 
the case of cassava, the major diseases are caused by 
viruses, fungi and bacteria [7]. The main bacterial disease 
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is Cassava Bacterial Blight (CBB) caused by Xanthomonas 
phaseoli pv. manihotis (Xpm) [8]. CBB is present in countries 
where cassava is produced, but its incidence and severity 
varies [9, 10]. The infectious cycle is strongly dependent on 
environmental conditions and takes place in two synchro-
nous stages: the survival phase in the dry season and the 
parasitic phase corresponding to the disease expression 
in the rainy season. It is mainly during the parasitic period 
that the disease symptoms are manifested and are influ-
enced by rainfall, high temperature, high relative humidity 
and high differences between day and night time temper-
atures [10]. CBB is responsible for high economic losses up 
to 100% of the total production [11, 12]. The characteristic 
symptoms of the disease are the wilting of leaves, blight-
ing, angular leaf lesions and stem cankers, stem and leaf 
exudates and dieback of stems [13]. Loss of fresh roots, 
planting material, low accumulation of starch in the roots 
and reduced leaf cover which affects the availability of 
leafy vegetables and reduces cash income in communi-
ties where cassava roots and leaves are sold have been 
observed and can be high under favourable environmen-
tal conditions [10].

The geographical distribution, incidence and severity 
of the disease have been studied in some countries like 
Colombia, Togo and Guinea [14–16]. These studies were 
conducted during the rainy seasons and highlighted the 
prevalence zones of CBB, and the zones with high severi-
ties and incidences.

In Côte d’Ivoire, CBB was first reported in the North-
western part in 1979 after the devastation caused by the 
disease [17]. Its presence was confirmed by Kone et al. in 
2013 [18] through surveys in the central part of the coun-
try and later by Affery et al. [19] in six agro-ecological 
zones. These studies showed that almost all Ivorian varie-
ties are susceptible to CBB. They also focused on the identi-
fication of the sites where CBB was absent/present, the dif-
ferent severities and incidences in these zones. They also 
helped to establish the health map of the disease in these 
six agro-ecological zones [19]. Nevertheless, the effect of 
weather parameters on CBB expression has not been taken 
into account, despite their important role in the disease 
expression. Therefore, the study determines the expres-
sion and distribution of CBB and the relationship between 
the weather conditions, the varieties’ susceptibility and 
the disease’s expression under different agro-ecological 
zones. This will help to identify the zones susceptible to 
the disease as well as the weather conditions favouring its 
expression. Subsequently, this will inform decision making 
with regards to the control of CBB in Côte d’Ivoire.

2  Materials and methods

2.1  Surveys

Surveys were conducted from 2014 to 2017 in the agro-
ecological zones (AEZ) during the short rainy season for 
the AEZ1, AEZ2, AEZ4 and AEZ5; and unimodal rainy 
season for the AEZ3, AEZ6 and AEZ7 in different cassava 
producing areas of Côte d’Ivoire. The period of the sur-
veys, taking into account the length of the short rainy 
season in the AEZ1, AEZ2, AEZ4 and AEZ5 and the length 
of the long rainy season in the AEZ3, AEZ6 and AEZ7, 
has been considered as a limitation of the study because 
of its possible impact on the observation of the disease 
expression. The seasons described by EDSCI-II [20] and 
FAO [21] are in Table 1.

Six agro-ecological zones in 2014 and seven agro-
ecological zones in the other years were considered 
for the survey (Table  1). These zones were identified 
and defined by Halle and Bruzon [22] according to the 
pedoclimatic conditions. These zones were grouped 
into Forest zones for the AEZ1, AEZ2, AEZ3 and AEZ4, 
Transition zone between the Forest and the Savannah 
for the AEZ5 and Savannah zone for the AEZ6 and AEZ7. 
The country was divided into 75 × 75 km grids in QGIS 
in order to cover all the agro-ecological zones. This was 
done according to the method used by Poubom et al. 
[23] in Cameroon. Within each previous 75 × 75 km grid, 
sampling sites were selected randomly from grids meas-
uring 18 × 18 km in the different agro-ecological zones 
(AEZ). The grids and cells did not have the same sizes and 
number of fields because of the shape of the country’s 
map and those of the AEZ. In each AEZ, three fields per 
locality were considered for the high cassava production 
areas. For areas with very low cassava production, one 
to two fields were considered. The same localities were 
considered during the surveys and additional localities 
were visited from one year to another. The fields were 
different according to the years because famers are prac-
ticing land rotation and fallow to break pest and disease 
cycles, and are harvesting the roots after 8 or 12 months. 
These aspects constitute a limitation of the study. The 
fields were chosen 5–10 km apart and their geographi-
cal coordinates were recorded using a GARMIN OREGON 
550 GPS.

2.2  Observations

Each field was assessed for CBB presence/absence 
from a random sample of thirty cassava plants. Some 
diseases such as cassava mosaic diseases caused by 
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the Begomoviruses (African cassava mosaic virus and 
East-African cassava mosaic virus), anthracnose caused 
by Colletotrichum gloesoroides f. sp. manihotis Henn 
and cercospora leaf diseases caused by Colletotrichum 
(Mycosphaerella) henningsii Allesch, Colletotrichum cari-
baea Cif. (Phaeoramularia manihotis) and Colletotrichum 
(Mycosphaerella) vicosae Muler and Chupp were found 
in some fields and in this case or in case of coinfection 
between these diseases and CBB, plants only infected by 
CBB were considered. The meeting point of two diagonal 
lines was taken as a reference point for the plants’ assess-
ment but this point has not been assessed. The varieties 
were assessed based on the most representative in the 
fields. The assessment of different varieties also consti-
tute a limitation of the study. The disease severity and 
incidence were evaluated based on assessment sheets. 
Ten plants of the thirty plants were randomly selected 
for the sampling of leaves, stems and leafstalks per field 
showing CBB symptoms. The rating scale of CBB severity 
described by Wydra and Msikita [24] was used. The rat-
ings ranged from 1 to 5 as follows: 1: no symptom; 2: only 
angular leaf spot; 3: angular leaf spots, wilting, blighting, 
defoliation, and some exudates on stems/leafstalks; 4: 
blighting of leaves, wilting, defoliation, exudates, and 
tip die-back; 5: blighting of leaves, wilting, defoliation, 
exudates, tip die-back, and plant stunting. The severity 
index (SI) and disease incidence (DI) were calculated 

for each field following the formula below as used by 
Mamba-Mbayi et al. [12].

Maps were developed using the software QGIS version 
2.18.4. Weather data (Temperature, Relative Humidity and 
Rainfall) were collected at the level of the zones from 14 
meteorological stations by Sodexam, the weather moni-
toring institution.

2.3  Data analyses

The data saved in the software Excel were used for the sta-
tistical analyses. These analyses were done with the soft-
ware R version 3.3.3 to identify the areas affected by CBB 
based on incidence and severity for each of the years. Sha-
piro statistical tests performed gave significant p-values 
(p < 2.2e − 16) and showed that the residuals didn’t follow 
the normal distribution so Kruskal–Wallis test at a thresh-
old of 5% was performed to test for significant differences 
between the values.

SI =
∑ Number of affected plants per rating × the rating

Total number of observed plants × the highest rating
× 100

DI =
Number of affected plants

Total number of observed plants
× 100

Table 1  Description of the season in Côte d’Ivoire (EDSCI-II, 1999; 
FAO, 2005) and Characteristics of the seven agroecological zones 
by Halle and Bruzon (2006) where VZ = Vegetative zones; F = For-

est, T = Transition; S = Savannah; AEZ = Agro-Ecological Zones; 
SDS = Short Dry Season; LRS = Long Rainy Season; LDS = Long Dry 
season; SRS = Short Rainy Season

AEZ VZ Characteristics Altitude (m) Rainfall (mm) Annual 
Temperature 
(°C)

SDS LRS LDS SRS

1 F Southern 
humid dense 
forest area

0–200 1400–2500 29 (5.6) July–August April-July December-
March

September–
November

2 F Wet dense 
forest area of 
the west

~1000 (Daloa) 1300–1750 23.5 (13.4) July–August April-July December-
March

September–
November

3 F Semi-moun-
tainous forest 
area of West

> 1000 (Man) 1300–2300 24.5 (7.7) November-
February

March-October

4 F Semi humid 
dense forest 
zone decidu-
ous

0–200 1300–1750 23.5 (13.4) July–August April-July December-
March

September–
November

5 T Transitional 
forest area

300–600 1300–1750 23.5 (13.4) July–August March-June November- 
February

September–
October

6 S Tropical humid 
savanna zone

300–500 1150–1350 26.7 (1.1) May–October November–
April

7 S Dry tropical 
savanna zone

300–500 1150–1350 26.7 (1.1) May–October November–
April
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Multiple Linear regression model with interactions 
was used for the impact of weather parameters and vari-
eties on CBB expression. The selection of the predictive 
variables explaining the dependent variable was done 
by the comparison of AIC (Akaike Information Criteria). 
The residuals didn’t follow a normal distribution there-
fore, the non-parametric test included the link function 
Family Gamma was performed to highlight the factors 
explaining CBB parameters. The correlations (using 
Spearman test) and interactions were studied in the 
case of presence of factors explaining the dependent 
variable.

3  Results

3.1  Varieties encountered in the fields

The varieties assessed during the surveys were constituted 
of improved (Yavo) and local varieties (Yace, Akama and 
Diarrassouba). Yavo and Akama were not found in the 
AEZ7. Yace was found in all the agro-ecological zones. 
Diarrassouba was found in the AEZ6 and AEZ7. Regarding 
the varieties’ susceptibility, on the set of the 4 years, Akama 
was more susceptible in the AEZ6 (SI = 17.28 ± 3.45% and 
DI = 20.22 ± 4.13%), Yace in the AEZ4 (SI = 16.58 ± 3.11% and 
DI = 18.14 ± 3.48%), Yavo in the AEZ5 (SI = 19.72 ± 12.98% 
and DI = 22.78 ± 15.93%) and Diarrassouba in the AEZ6 
(SI = 33.65 ± 5.52% and DI = 40.43 ± 6.72%).

By considering the unbalanced set of varieties and the 
absence of some of them in certain AEZ, the statistical 
tests showed significant differences between the varie-
ties’ susceptibility  (pSI = 7.469e − 05 and  pDI = 4.979e − 05) 
over the set of the years. These differences were mainly 
between Diarrassouba and the other varieties (Online 
Resource 1).

The relative information on the significant tests 
between the varieties’ susceptibility in the different agro-
ecological zones are consigned in the Online Resource 2.

In 2014, Akama was more susceptible in the AEZ5 
(SI = 15.67 ± 15.67% and DI = 20 ± 20%), Yace in the AEZ4 
(SI = 26.33 ± 16.38% and DI = 31.33 ± 20.37%), Yavo in the 
AEZ1 (SI = 25 ± 16.37% and DI = 25 ± 16.37%) and Diarras-
souba in the AEZ6 (SI = 35 ± 20.62% and DI = 42.5 ± 41.23%). 
The significant tests between the varieties’ susceptibility 
in the year 2014 and in the different AEZ are summarised 
in the Online Resources 1 and 3.

In 2015, Akama was more susceptible in the AZE4 
(SI = 14.44 ± 6.76% and DI = 16.3 ± 8.19%), Yace in the 
AEZ6 (SI = 15.17 ± 4.17% and DI = 17.66 ± 5.00%), Yavo in 
the AEZ1 (SI = 9.28 ± 3.88% and DI = 10.43 ± 4.66%) and 
Diarrassouba in the AEZ6 (SI and DI = 38.10 ± 13.47%). The 

significant tests between the varieties’ susceptibility in the 
year 2015 and in the different AEZ are summarised in the 
Online Resources 1 and 4.

In 2016, Akama was more susceptible in the AZE4 
(SI = 17 ± 0.07% and DI = 18.75 ± 7.79%), Yace in the AEZ1 
(SI = 15.17 ± 4.18% and DI = 20.56 ± 5.56%). Yavo pre-
sented the highest SI in the AEZ2 (SI = 21.67 ± 12.29%) 
and the highest DI in the AEZ1 (DI = 27.22 ± 14.46%) 
and Diarrassouba in the AEZ6 (SI = 25.84 ± 15.05% and 
DI = 30.00 ± 18.16%). The significant tests between the 
varieties’ susceptibility in the year 2016 and in the differ-
ent AEZ are summarised in the Online Resources 1 and 5.

In 2017, Akama was more susceptible in the 
AZE 4 (SI = DI = 16.67 ± 3.87%), Yace in the AEZ4 
(SI = 22.06 ± 5.1% and DI = 23.56 ± 5.74%), Yavo in the 
AEZ5 (SI = 39.44 ± 21.31% and DI = 45.55 ± 27.38%) 
and Diarrassouba in the AEZ6 (SI = 33.32 ± 5.59% and 
DI = 43.54 ± 7.45%). The relative information on the varie-
ties are summarized in Fig. 1a–d and the significant tests 
between the varieties’ susceptibility in the year 2017 and in 
the different AEZ are summarised in the Online Resources 
1 and 6.

3.2  CBB dispersion

These results refers to the presence/absence of the disease 
and do not take into account the severity index and inci-
dence of the disease.

• In 2014: CBB was present in the six agro-ecological 
zones surveyed.

  Regarding the set of the AEZ and based on the 
assessment of the presence/absence of the disease, 
of 121 fields distributed across 78 localities, CBB was 
found present in 40 fields (33.06%) situated in 34 locali-
ties (43.59%). The disease was mostly presented in the 
localities (50.00%) and fields (45.00%) in AEZ1 while 
the least affected localities (2.94%) and fields (5.00%) 
were in AEZ6. The relative information on the presence/
absence of the disease in the fields/localities of the dif-
ferent AEZ are summarised in Fig. 2a.

• In 2015: CBB was present in the seven agro-ecological 
zones visited.

  The assessment of CBB presence/absence in the AEZ 
showed that of 363 fields distributed across 108 locali-
ties, 71 fields (19.56%) situated in 45 localities (41.67%) 
were diseased. All the localities of AEZ7 were diseased 
(4.44%). However, the localities and fields of AEZ1 were 
the most diseased at respectively 46.67% and 49.30%. 
The least diseased localities were in AEZ5 (2.22%). At 
the field level, both AEZ5 and AEZ7 were less diseased 
than the others at 2.82%. The relative information on 
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the presence/absence of the disease in the fields/locali-
ties of the different AEZ are presented in Fig. 2b.

• In 2016: CBB was present in the seven agro-ecological 
zones visited.

  Regarding the set of AEZ, the assessment of CBB 
presence/absence showed that of 116 fields spread 
across 86 localities, CBB was present in 39 fields 
(33.62%) belonging to 30 localities (34.88%). However, 
it was absent in AEZ3, AEZ5 and AEZ7. The localities 
and fields of AEZ1 at respectively 53.33% and 53.84% 
were the most diseased while those of the AEZ5 at 
respectively 3.33% and 5.13% were the least diseased. 
The relative information on the presence/absence of 
the disease in the fields/localities of the different AEZ 
are summarised in Fig. 2c.

• In 2017: CBB was also present in the seven agro-eco-
logical zones visited.

  The assessment of CBB presence/absence in the AEZ 
showed that of 404 fields regrouped in 154 localities, 
146 fields (36.14%) belonging to 84 localities (54.55%) 
were diseased. The AEZ1 presented the most diseased 
localities (36.9%) and fields (35.62%) while AEZ3 and 
AEZ7 had the least diseased localities with 3.57% both. 
At the field level, these two AEZ were less diseased but 
those of the AEZ7 were less affected with 2.05% com-

pared to 2.74% for AEZ3, followed by the other AEZ. 
The relative information on the presence/absence of 
the disease in the fields/localities of the different AEZ 
are presented in the Fig. 2d.

3.3  CBB expression under weather parameters

The amount of Rainfall (RF), Temperature (Temp), Relative 
Humidity (RH) and Number of Rainy season days (NRD) 
collected from the meteorological stations were respec-
tively 143.47 ± 2.11 mm, 26.17 ± 0.02 °C, 81.09 ± 0.12% and 
14.79 ± 0.21 days during the rainy season across all the AEZ 
and for the set of the 4 years. RF, Temp, RH and NRD of the 
dry season before the rainy season are presented in Fig. 3a.

At the agro-ecological zone level, RF varied from 
208.6 ± 4.30 mm (AZE3) to 80.82 ± 3.80 mm (AZE5) while 
Temp varied from 26.65 ± 0.09 °C (AEZ5) to 25.5 ± 0.07 °C 
(AEZ3), RH and NRD varied respectively from 83.83 ± 0.14% 
and 16.72 ± 0.49 days (AZE1) to 77.09 ± 0.13% and 
11.93 ± 0.30 days (AZE7) during the rainy season across the 
years. The dry season’s parameters that prevailed before 
the rainy season are summarized in Fig. 3c.

CBB severity and incidence assessed during the rainy 
season were calculated at respectively 10.16 ± 0.64% and 
11.27 ± 0.72% for the set of 4 years. The expression of the 

Fig. 1  a–d Varieties susceptibility to CBB in the agro-ecological zones of Cote d’Ivoire respectively in 2014, 2015, 2016 and 2017 where SI: 
Severity Index, DI: Disease Incidence and AEZ: Agro-Ecological Zones
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Fig. 2  a–d Health status of the localities and fields visited in the agro-ecological zones (AEZ) in 2014, 2015, 2016 and 2017, respectively 
where LV: Localities Visited; HL: Healthy Localities; DL: Diseased Localities; FV: Fields Visited; HF: Healthy Fields; DF: Diseased Fields

Fig. 3  a and c Weather parameters during the dry season respec-
tively on the set of the 4 years and in the agro-ecological zones on 
the set of the 4 years where RFDS: Rainfall of the Dry Season (mm); 
TDS: Temperature of the Dry Season (° C); RHDS: Relative Humid-
ity of the Dry Season (%); NRDDS: Number of Rainy Days of the Dry 
Season (days). b and d Cassava Bacterial Blight (CBB) expression 

during the rainy season respectively on the set of the 4 years and in 
the agro-ecological zones on the set of the 4 years where SI: Sever-
ity Index (%); DI: Disease Incidence (%); RF: Rainfall (mm); T: Temper-
ature (° C); RH: Relative Humidity (%); NRD: Number of Rainy Days 
(days)
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disease during the rainy season on the set of the four 
year is presented in Fig. 3b. There were significant differ-
ences in CBB expression  (pSI = 0.00023,  pDI = 0.00020) and 
weather conditions  (pRF = 0.01247,  pTemp = 3.491e − 12, 
 pRH = 6.552e − 06,  pNRD = 1.961e − 11). The relative infor-
mation on the significant tests for the disease expression 
and the weather conditions in the different years are sum-
marised in the Online Resource 7.

CBB was more severe in the AEZ6 with 17.28 ± 2.56% 
and had a higher incidence with 20.22 ± 3.10% across the 
4 years. The AEZ3 recorded the lowest SI (1.99 ± 0.61%) and 
DI (2.01 ± 0.61%). Regarding SI and DI and going from the 
most susceptible to the less susceptible, the AEZ4, AEZ1, 
AZE7, AEZ2 and AEZ5 followed respectively the AEZ6. The 
data on CBB expression on the set of the 4 years is pre-
sented in Fig. 3d.

Statistical analyses showed significant differences for 
CBB parameters  (pSI = 2.042e − 08,  pDI = 1.645e − 08) and 
weather parameters (p < 2.2e − 16) over the set of the AEZ. 
The relative information on the significant tests for the dis-
ease expression and the weather conditions in the differ-
ent agro-ecological zones are summarised in the Online 
Resource 8.

3.3.1  CBB expression in 2014

Regarding all the AEZ, this year was characterized by RF of 
126.14 ± 3.88 mm while Temp was 26.1 ± 0.04 °C, RH was 
80.73 ± 0.35% and the NRD was 16.01 ± 1.65 days during 
the rainy season. The dry season’s parameters that pre-
ceded this rainy season are presented in Fig. 4a.

At the AEZ level, RF varied from 227.10 mm (AZE6) 
to 36.18 ± 1.10 mm (AZE5) while Temp varied from 
26.51 ± 0.38 °C (AEZ5) to 25.88 ± 0.03 °C (AEZ2), RH varied 
from 84.58 ± 0.27% (AEZ1) to 75.80% (AEZ3) and NRD var-
ied from 21.67 days (AEZ3) to 5.50 days (AEZ6) during the 
rainy season. The dry season’s parameters that prevailed 
before the rainy season and the rainy season’s parameters 
are summarized in Fig. 4c, d respectively.

DI and SI for the year were respectively 18.46 ± 2.98% 
and 16.79 ± 2.68%. The expression of the disease during 
the rainy season of the year 2014 is presented in Fig. 4b. 
Regarding the different fields/localities in the AEZ, SI and 
DI varied from 0 for healthy localities to 100%. The higher 
severities (75–100%) were found in the localities of AEZ1, 
AEZ2 and AEZ4 while the higher incidences (75–100%) 
were found in those of AEZ1, AEZ2, AEZ4 and AEZ6 (Fig. 5a, 
b).

Statistical analyses did not show significant dif-
ferences for CBB parameters  (pSI = 0.47,  pDI = 0.43). 

Fig. 4  a and c Weather parameters during the dry season respec-
tively in 2014 and in the agro-ecological zones in 2014where RFDS: 
Rainfall of the Dry Season (mm); TDS: Temperature of the Dry Sea-
son (°C); RHDS: Relative Humidity of the Dry Season (%); NRDDS: 
Number of Rainy Days of the Dry Season (days). b and d Cassava 

Bacterial Blight expression during the rainy season respectively in 
2014 and in the agro-ecological zones in 2014 where SI: Severity 
Index (%); DI: Disease Incidence (%); RF: Rainfall (mm); T: Tempera-
ture (° C); RH: Relative Humidity (%); NRD: Number of Rainy Days 
(days)
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Differences were, however, significant for weather param-
eters  (pRF = 2.845e − 15,  pTemp = 0.00,  pRH = 2.242e − 15 and 
 pNRD < 2.2e − 16). The relative information on the significant 
tests for the disease expression and the weather condi-
tions in the different agro-ecological zones are summa-
rised in the Online Resource 9.

CBB was more severe in the AEZ4 with a mean of 
23.98 ± 6.78% and had a higher incidence with a mean of 
27.87 ± 8.12%. The AEZ5 had the lowest rates of CBB with 
5.42 ± 5.42% for both SI and DI. The AEZ6 followed the 
AEZ4 and then AEZ1, AZE7, AEZ2 and AEZ5 for the severity 
and the disease incidence rates. The relative information 
on CBB expression is presented in Fig. 4d.

Fig. 5  Overview of CBB severity and incidence in the Agro-ecological zones in 2014. a CBB severity in the Agro-ecological zones. b CBB inci-
dence in the Agro-ecological zones

Fig. 6  a, c Weather parameters during the dry season respectively 
in 2015 and in the agro-ecological zones in 2015 where RFDS: Rain-
fall of the Dry Season (mm); TDS: Temperature of the Dry Season (° 
C); RHDS: Relative Humidity of the Dry Season (%); NRDDS: Number 
of Rainy Days of the Dry Season (days). b, d Cassava Bacterial Blight 

expression during the rainy season respectively in 2015 and in the 
agro-ecological zones in 2015 where SI: Severity Index (%); DI: Dis-
ease Incidence (%); RF: Rainfall (mm); T: Temperature (° C); RH: Rela-
tive Humidity (%); NRD: Number of Rainy Days (days)
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3.3.2  CBB expression in 2015

In 2015 and across all the AEZ, the means were 156 ± 4.16 
mm, 26.31 ± 0.02 °C, 81.66 ± 0.19% and 14.04 ± 0.10 days 
respectively for RF, Temp, RH and NRD for the rainy season. 
The parameters of the dry season are presented in Fig. 6a.

At the AEZ level during the rainy reason, RF varied 
from 253.8 mm (AZE3) to 82.55 ± 1.67 mm (AZE2). Tem-
perature varied from 26.74 ± 0.11 °C (AEZ4) to 25.95 ± 0.04 
°C (AEZ5). The highest RH and NRD were respectively 
83.78 ± 0.30% and 15.54 ± 0.08 days (AEZ1). The lowest 
RH was 76.93 ± 0.45% (AEZ4) while the lowest NRD was 
10.00 ± 0.00 days (AEZ5). The dry season’s parameters and 
the rainy season’s parameters are presented in Fig. 6c, d.

SI and DI also varied between 0 for healthy fields/locali-
ties to 100% with the higher severities and incidences 
(75–100%) recorded in AEZ1, AEZ4 and AEZ6 (Fig. 7a, b). 
Mean SI and DI for the year were respectively 8.17 ± 1.00% 
and 8.61 ± 1.06%. The expression of the disease during the 
rainy season of the year 2015 is presented in Fig. 6b.

Statistical analyses did not show significant differ-
ences for CBB parameters in the different AEZ  (pSI = 0.06, 
 pDI = 0.07). However, differences were significant for 
weather parameters  (pRF = pTemp = pRH = pNRD < 2.2e − 16). 
The relative information on the significant tests for the 
disease expression and the weather conditions in the dif-
ferent agro-ecological zones are summarised in the Online 
Resource 10.

The highest SI (18.60 ± 5.52%) and DI (19.57 ± 5.83%) 
were recorded in AEZ6. The lowest SI and DI rates were 
recorded by AEZ5 with 1.67 ± 1.27% for both. The AEZ6 
was followed by AEZ7, AEZ1, AZE4, AEZ2 and AEZ3 in term 

of severity indexes and disease incidences. The relative 
information on CBB evolution is presented in Fig. 6d.

3.3.3  CBB expression in 2016

In 2016, the amount of RF was 130.86 ± 3.41 mm, Temp 
was 26.03 ± 0.08 °C, RH was 81 ± 0.30% and NRD was 
14.56 ± 0.23 days during the rainy season. The means of 
the dry season’s parameters are presented in Fig. 8a.

At the AEZ level, during the rainy season, RF varied from 
209.6 mm (AZE3) to 85.47 ± 14.14 mm (AZE5). The temper-
ature varied from 26.79 ± 0.03 °C (AEZ1) to 23.74 °C (AEZ3). 
RH varied from 84.81 ± 0.52% (AEZ2) to 76.25% (AEZ7). 
NRD varied from 16.86 ± 0.31 days (AEZ1) to 11.67 ± 0.12 
days (AEZ4). The dry season’s parameters that prevailed 
before the rainy season and the rainy season’s parameters 
are summarized in Fig. 8c, d.

SI and DI for the year were respectively 9.32 ± 1.55% and 
11.51 ± 1.91%. The expression of the disease during the 
rainy season of the year 2016 is presented in Fig. 8b. SI and 
DI varied between 0 for healthy localities to 100% for CBB 
expression. The repartition of the severities and incidences 
in each AEZ are presented in the Fig. 9a, b.

Statistical analyses showed significant differ-
ences for CBB parameters  (pSI = pDI = 0.02), and 
also for weather parameters  (pRF = 9.925e − 15, 
 pTemp = pRH = pNRD < 2.2e − 16). The relative information on 
the significant tests for the disease expression and the 
weather conditions in the different agro-ecological zones 
are summarised in the Online Resource 11. The higher 
SI (13.92 ± 3.01%) and DI (18.07 ± 3.92%) were found in 
AEZ1. The lower SI and DI rates were presented by AEZ2 

Fig. 7  Overview of CBB severity and incidence in the Agro-ecological zones in 2015. a CBB severity in the Agro-ecological zones. b CBB inci-
dence in the Agro-ecological zones
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with respectively 6.55 ± 2.70% and 7.98 ± 3.20%. The AEZ1 
was followed by AEZ4, AZE6 and AEZ2 in term of severity 

indexes and disease incidences. The relative information 
on CBB expression is presented in Fig. 8d.

Fig. 8  a, c Weather parameters during the dry season respectively 
in 2016 and in the agro-ecological zones in 2016 where RFDS: Rain-
fall of the Dry Season (mm); TDS: Temperature of the Dry Season (° 
C); RHDS: Relative Humidity of the Dry Season (%); NRDDS: Number 
of Rainy Days of the Dry Season (days). b, d Cassava Bacterial Blight 

expression during the rainy season respectively in 2016 and in the 
agro-ecological zones in 2016 where SI: Severity Index (%); DI: Dis-
ease Incidence (%); RF: Rainfall (mm); T: Temperature (° C); RH: Rela-
tive Humidity (%); NRD: Number of Rainy Days (days)

Fig. 9  Overview of CBB severity and incidence in the Agro-ecological zones in 2016. a CBB severity in the Agro-ecological zones. b CBB inci-
dence in the Agro-ecological
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3.3.4  CBB expression in 2017

In 2017, RF was 142.02 ± 3.45 mm, Temp was 26.13 ± 0.03 
°C, RH was 80.71 ± 0.18% and NRD was 15.20 ± 0.18 days for 
the rainy season. The means of the dry season’s parameters 
are presented in Fig. 10a.

At the AEZ level, during the rainy season, RF varied from 
187.4 ± 5.45 mm (AEZ1) to 67.42 mm (AEZ7), Temp varied 
from 27.33 ± 0.06 °C (AEZ5) to 25.33 °C (AEZ3), RH varied 
from 83.87 ± 0.21% (AEZ1) to 76.6% (AEZ3) and NRD varied 
from 17.51 ± 0.08 days (AEZ1) to 10.66 ± 2.81 days (AEZ6). 
The dry season’s parameters that prevailed before the 
rainy season and the rainy season’s parameters are sum-
marized in Fig. 10c, d.

SI and DI of the year were respectively 10.28 ± 0.94 and 
11.42 ± 1.08. The expression of the disease during the rainy 
season is presented in Fig. 10b.

SI and DI varied between 0 for healthy areas to 100% for 
CBB expression (Fig. 11a, b). The higher SI (17.95 ± 3.27%) 
and DI (22.37 ± 4.34%) were found in the AEZ6. The lower 
SI (0.84 ± 0.43%) and DI (0.91 ± 0.46%) were presented by 
the AEZ3. The AEZ6 was respectively followed by the AEZ4, 
AZE1, AEZ5, AEZ7 and AEZ2 in terms of severity indexes 
and disease incidences. The relative information on CBB 
expression is consigned in Fig. 10d.

Statistical analyses showed significant differences for 
CBB parameters  (pSI = 5.226e − 05,  pDI = 4.252e − 05) and for 
weather parameters (p < 2.2e − 16). The relative informa-
tion on the significant tests for the disease expression and 
the weather conditions in the different agro-ecological 
zones are summarised in the Online Resource 12.

3.3.5  Impact of weather parameters and the varieties 
on CBB expression

Over the four year period, Rainfall and the varieties were 
the main factors that could explain SI and DI. The General-
ized Linear Model showed that across the 4 years, Rainfall 
had a significant effect on SI and DI (p = 0.01 for both SI 
and DI). The varieties also had a significant effect on SI 
(p = 0.00) and DI (p = 6.472e − 05) while RH did not have 
a significant effect on SI (p = 0.13) and DI (p = 0.10). There 
was a positive and non-significant interaction between 
RH and RF (p = 0.31). RH and RF had negative and non-
significant interactions with the varieties for both SI and DI 
(Table 2). However, there was no interaction between RH 
and Akama, RF and Akama. Spearman’s correlation tests 
for the set of 4 years showed that, when Rainfall increased, 
SI and DI decreased (r = − 0.07; p = 0.03 for both), and when 
RH increased this also lead to a non-significant decrease of 
SI (p = 0.49) and DI (p = 0.53).

Fig. 10  a, c Weather parameters during the dry season respectively 
in 2017 and in the agro-ecological zones in 2017 where RFDS: Rain-
fall of the Dry Season (mm); TDS: Temperature of the Dry Season 
(°C); RHDS: Relative Humidity of the Dry Season (%); NRDDS: Num-
ber of Rainy Days of the Dry Season (days). b, d Cassava Bacterial 

Blight expression during the rainy season respectively in 2017 and 
in the agro-ecological zones in 2017 where SI: Severity Index (%); 
DI: Disease Incidence (%); RF: Rainfall (mm); T: Temperature (°C); RH: 
Relative Humidity (%); NRD: Number of Rainy Days (days)
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There was no relationship between SI, DI and climatic 
parameters in 2014.

In 2015, the results of the GLM showed that Rainfall 
and NRD had a significant effect on SI (p = 3.694e − 05 
for RF and p = 0.00 for NRD) and DI (p = 3.207e − 05 for 
RF and p = 0.00 for NRD). The varieties did not have a 
significant effect on SI (p = 0.11) and DI (p = 0.14). There 
was no interaction between Rainfall and NRD on disease 
expression. The interactions between RF and the varie-
ties and NRD and the varieties on the disease expression 

were negative and non-significant (Table 3). There was 
no interaction between the weather parameters and the 
variety Akama on the disease expression. The correlation 
tests showed that increased Rainfall decreased SI and 
DI while NRD increased SI but this correlation was not 
significant (rRF = − 0.08,  pRF = 0.12; rNRD = 0.10,  pNRD = 0.06 
for both).

In 2016, Temp had a significant effect on SI and DI 
(p = 0.01 for both). Spearman’s correlation test showed 
when temperature increased, both SI and DI increased 
with r = 0.17, p = 0.03 for both.

Fig. 11  Overview of CBB severity and incidence in the Agro-ecological zones in 2017. a CBB severity in the Agro-ecological zones. b CBB 
incidence in the Agro-ecological

Table 2  Results of the interaction between the varieties and 
weather parameters on the disease expression (SI and DI) over the 
set of the 4 years

Estimate p

SI
Rainfall * RH 3.425e−05 0.31
RH:Varieties Diarrassouba − 8.204e−03 0.30
RH:Varieties Yace − 5.769e−03 0.21
RH:Varieties Yavo − 1.008e−02 0.08
Rainfall:Varieties Diarrassouba − 5.795e−04 0.09
Rainfall:Varieties Yace − 4.105e−04 0.14
Rainfall:Varieties Yavo − 3.294e−04 0.35
DI
Rainfall:RH 2.990e−05 0.33
Rainfall:Varieties Diarrassouba − 5.551e−04 0.07
Rainfall:Varieties Yace − 3.938e−04 0.13
Rainfall:Varieties Yavo − 3.112e−04 0.35
RH:Varieties Diarrassouba − 6.331e−03 0.40
RH:Varieties Yace − 5.896e−03 0.17
RH:Varieties Yavo − 9.853e−03 0.07

Table 3  Results of the interaction between the varieties and 
weather parameters on the disease expression (SI and DI) in 2015

Estimate p

SI
Rainfall:NRD 0.00 0.10
NRD:Varieties Diarrassouba − 0.01 0.85
NRD:Varieties Yace − 0.03 0.23
NRD:Varieties Yavo − 0.02 0.60
Rainfall:Varieties Diarrassouba − 2.351e−04 0.07
Rainfall:Varieties Yace − 6.768e−04 0.11
Rainfall:Varieties Yavo − 3.98e−04 0.06
DI
Rainfall: NRD 0.00 0.09
Rainfall:Varieties Diarrassouba − 2.294e−04 0.10
Rainfall:Varieties Yace − 5.105e−06 0.13
Rainfall:Varieties Yavo − 3.896e−04 0.09
NRD:Varieties Diarrassouba − 0.01 0.80
RH:Varieties Yace − 0.03 0.17
RH:Varieties Yavo − 0.03 0.45
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In 2017, Temp, RH, NRD and the varieties explained the 
expression of the disease. The results of the GLM showed 
that Temp, NRD and the varieties had a significant effect on 
SI (p = 0.00 for Temp, p = 0.01 for NRD and p = 1.487e − 05 
for the varieties) and DI (p = 0.00 for Temp, p = 0.02 for NRD 
and p = 2.042e − 06 for the varieties). RH did not have a 
significant effect on SI (p = 0.08) and DI (p = 0.10). The inter-
action between RH and NRD on the disease expression 
was negative and significant (p = 0.00) while there was 
non-significant interactions between Temp and NRD on 
the disease expression (p = 0.78 for SI and p = 0.07 for DI). 
The interaction between Temp and RH was significant on 
SI (p = 0.01) and non-significant on DI (p = 0.78). Except 
for the significant (p = 0.01) interaction between RH and 
the variety Yace on SI, the interactions between the other 
weather parameters and the varieties were non-significant 
on the disease expression (Table 4). The correlations tests 
showed that the increase of Temp significantly increased 
SI and DI (r = 0.10, p = 0.04 for both). The increase of RH 
decreased SI and DI but not significant (r = − 0.03, p = 0.6 
for both). The increase of NRD increased SI and DI but was 
not significant (r = 0.03, p = 0.60 for both).

4  Discussion

This study has some limitations among others the sur-
veys carried out during the short rainy season in the 
AEZ1, AEZ2, AEZ4 and AEZ5. The disease rates could 
have been higher if the surveys were carried out in the 
long rainy season. The different fields considered from 
one year to another could have played a role in the vari-
ation of CBB rates and the impact of the environmental 
conditions on the disease expression could have been 
minimized. The high variation in the data due to the fact 
that in the same AEZ the SI and DI varied from 0 to 100% 
also constitutes a limitation of the study. The assessment 
of different varieties also constitute a limitation of the 
study.

Cassava Bacterial Blight was present in all Ivorian 
AEZ surveyed and its distribution varied over the years. 
Fanou et al. [10] also highlighted in their study that CBB 
is widespread in all worldwide cassava production zones 
and its distribution varied according to the years. Shaw 
and Osborne [25] suggested that the persistence of plant 
pathogens can be infrequent with a low severity in some 
regions.

Considering the AEZ, CBB prevalence was high in 
AEZ1 followed by AEZ4 and AEZ2. These results showed 
that the geographical distribution of the disease was 
more concentrated in the forest zone (mainly in AEZ1, 
AEZ2 and AEZ4; except in AEZ3). It could be explained 
by the fact that cassava is predominantly grown in 
these zones as previously described by Perrin et al. [26]. 
According to these workers, farmers use cuttings already 
contaminated in previous fields and that could explain 
CBB persistence in subsequent fields. Coakley et al. [27] 
cited by Ghini et al. [5] also stated that the pathogen 
geographical repartition is related to those of its host. 
Their statement could justify CBB distribution in the Ivo-
rian forest zones. The sharing and use of contaminated 
cuttings could also contribute to the disease dissemina-
tion in these zones.

CBB expression depends on the relationship between 
the pathogen and the host. Almost all Ivorian varieties 
are susceptible to CBB [19]. Survey results showed that 
the varieties did not have the same reaction to CBB from 
one AEZ to another. This fact, also known as an inter-
action genotype x environment could explain the high 
disease expression in the AEZ6 where Diarrassouba, the 
most susceptible variety is grown. Resistance to CBB 
in cassava is partially hereditary, depending largely on 
environmental conditions and inoculum pressure [28, 
29]. In the event of infection by the pathogen, cassava is 
likely to respond with a hypersensitivity reaction which 
reduces pathogen multiplication, leading to an absence 

Table 4  Results of the interaction between the varieties and 
weather parameters on the disease expression (SI and DI) in 2017

Estimate p

SI
Temp:RH 2.028e−02 0.01
Temp:NRD − 2.241e−03 0.78
Temp:Varieties Diarrassouba − 7.415e−02 0.48
Temp:Varieties Yace 3.395e−02 0.35
Temp:VarietiesYavo 9.305e−03 0.85
RH:NRD − 4.862e−03 0.00
RH:Varieties Diarrassouba 1.607e−02 0.72
RH:Varieties Yace − 2.786e−02 0.01
RH:Varieties Yavo − 8.576e−03 0.59
NRD:Varieties Diarrassouba 9.890e−03 0.30
NRD:Varieties Yace 2.570e−03 0.74
NRD:Varieties Yavo 1.701e−02 0.15
DI
Temp:NRD − 6.721e−02 0.07
Temp:Varieties Diarrassouba − 0.89 0.37
Temp:Varieties Yace 0.10 0.27
Temp:Varieties Yavo 0.09 0.68
Temp:RH − 0.00 0.78
RH:Varieties Diarrassouba 0.00 0.82
RH:Varieties Yace − 0.01 0.17
RH:Varieties Yavo − 0.03 0.06
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of disease symptoms [30, 31]. This hypersensitivity host 
reaction could explain the low activity in the AEZ3 and 
the AEZ5 during the different years and also the absence 
of symptoms in the AEZ3, 5 and 7 in 2016. The bacteria 
strains would have been unable to overcome the cassava 
varieties’ defence reactions, in addition to a possible low 
inoculum pressure in these zones. In the case of compati-
ble host interaction, bacteria strains infect cassava plants 
and overcome host defence barriers causing the charac-
teristic symptoms of the disease [31]. This could explain 
CBB manifestation mainly in the other AEZ. According 
to Elad and Pertot [32], plant’s susceptibility to diseases 
could increase under abiotic stress. This could explain 
the high rates of CBB in the different years in the AEZ4 
and AEZ1. Indeed, because the strains need marked dry 
and rainy seasons for their life cycle, the continual rainy 
conditions in these AEZ should normally constitute a 
barrier to the disease expression. But the stress imposed 
by weather conditions to the varieties and the pathogen 
led to a possible adaptation of the strains and the big-
gest rates of dieback reached in many localities/fields 
of these zones. The AEZ3 is characterized by a short dry 
season and a long rainy season [20, 21]. Its microclimate 
is therefore unfavourable for CBB development since it 
rains practically the whole year and Xpm needs a dry sea-
son in addition to a wet season for disease development.

In 2014 where CBB disease levels were higher than the 
other years, weather parameters of the dry seasons, mainly 
Rainfall and RH, were higher except Temp which was only 
higher than that of 2015 and NRD that was lower than that 
of 2015. CBB expression in 2014 could be explained by the 
possible ability of Xpm strains to overcome unfavourable 
environmental conditions. The pathogen needs both dry 
and rainy seasons for its development and to cause the 
disease. The absence of a marked dry season in 2014 could 
have affected the pathogen cycle. Only those strains that 
were able to adapt would have achieved their cycle and 
caused the disease during the rainy season of 2014. The 
dry season of 2015 were characterized by a decrease in 
weather parameters; these parameters then showed an 
increase during the rainy season except NRD that was 
lower than that of 2014. The decrease of CBB parameters 
could be explained by the variation in weather conditions 
from 2014 to 2015. This would have played an important 
role in the setting up of the epiphytic period and also 
affected the expression of the disease during the rainy 
season of the year 2015.

In 2016, except for Temp, all the weather parameters 
decreased during the dry season. During the rainy season, 
the parameters decreased except NRD. These variations 
in weather conditions would have been less favourable 
to the disease expression. In 2017 dry season, weather 
parameters decreased except Temp. During the rainy 

season, they increased except for RH. There was also 
an increase in CBB expression. The decrease of weather 
parameters during the dry season could have provide a 
more or less stable environment for the primary inoculum 
establishment. This could have increased Xpm strains abil-
ity to cause CBB during the rainy season.

The variation in weather parameters could have played 
a role in disease expression by providing favourable to 
unfavourable conditions for disease development in the 
different AEZ and in the different years. The highest dis-
ease level in AEZ6 could be explained by the fact that in 
Côte d’Ivoire, the AEZ6 is characterized by a long dry sea-
son and a long rainy season [20, 21]. During the dry sea-
son, weather parameters are characterized by a very low 
amount or an absence of rainfall, an increase in Temp, a 
reduction in RH and a short NRD. While the disease expres-
sion mainly in the AEZ1 and AEZ4 could be explained by 
an adaptation of the strains to the environmental condi-
tions and also by the development of new mutant stains 
in the different AEZ.

The correlation test showing that when Rainfall 
increased CBB parameters decreased for the set of 4 years 
could be explained by the continual rain in the dry and the 
rainy seasons over the years that disrupted the pathogen 
cycle and the occurrence of the disease. Conditions that 
prevailed in the AEZ should have been either a total barrier 
to disease development in the forest zone where CBB was 
mostly found such as the AEZ1 and the AEZ4 or the main 
driving factor of its expression in the AEZ6 and AEZ7. Nev-
ertheless, under conditions where CBB should not occur 
or should occur at a lower extent, Xpm strains were able 
to cause disease symptoms. It seemed that pathogen is 
adapting itself to the environmental conditions it is facing 
in the years of the study and the AEZ so that as soon as it 
is in the presence of low rates of weather parameters, it 
caused the disease. This change in a pathogen’s expres-
sion due to climate change has been predicted by Har-
vell et al. [33]. In 2015, the correlation tests indicated that 
when Rainfall increased, SI and DI decreased. However, an 
increase in NRD led to an increase in CBB parameters. The 
increase in Rainfall could have affected the rate of con-
tamination by to the primary inoculum, the concentration 
and the quality of the secondary inoculum of Xpm. This 
could have affected their ability to cause the disease and 
thus, decreased SI and DI. However, the extension of the 
number of rainy days could have provided a better envi-
ronment to the strains to adapt, to cause and to increase 
the disease expression.

Temperature has been described by Yáñez-López et al. 
[34] and Rana and Randhawa [1] as the main climatic 
parameter involved in plant disease expression. This 
explains the positive correlation between Temp and CBB 
parameters in 2016 where disease parameters increased 
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with an increase in Temp. From 2016 to 2017, SI increased 
while DI decreased. The increase in SI could be explained 
by the effect of Temp, RH and NRD in 2017. These weather 
parameters could have predisposed the varieties to Xpm 
strains infection by providing a conducive environment 
to the strains. This could have facilitate the increase of SI. 
However, the effect of Temp, RH and NRD could have a play 
a role in the decrease in DI by affecting the rate of Xpm 
strains reproduction. This could have reduce the extension 
of the disease.

5  Conclusion

Cassava Bacterial Blight expression from 2014 to 2017 in 
Côte d’Ivoire showed that the geographical distribution of 
the disease was concentrated in the forest zone more than 
in the savannah and the transition zones. From one year to 
another, it was more prevalent in AEZ1, the larger of the 
cassava producing zones. The high disease incidence in 
AEZ1 could lead to higher rates of disease expression due 
to the planting of infected material. CBB expression var-
ied over the years and also from one agro-ecological zone 
to another. Dry and rainy seasons were disturbed in Côte 
d’Ivoire at a level where the dry season was less marked 
mainly in AEZ1, AEZ2, AEZ3 and AEZ4 which impacted on 
CBB expression. The AEZ1 and AEZ4 were more affected 
than they should be and the AEZ3 was still less affected 
by the disease than the AEZ2. However, while AEZ6 had 
conditions conducive to its expression, CBB also reached 
high rates in AEZ4 and AEZ1 where environmental con-
ditions were unfavourable. It means that CBB expression 
rates and variety susceptibility could increase or decrease 
according to weather conditions since the pathogen is try-
ing to adapt to them. The occurrence and expression of 
the disease is thus difficult to predict based on weather 
parameters and this would lead to dramatic damage in 
the event of a disease outbreak. Especially given that 
surveys were carried out during the short rainy season 
in AEZ1, AEZ2, AEZ4 and AEZ5, disease rates could be 
higher in these zones if the surveys were conducted in 
the long rainy season. Sustainable control strategies must 
be utilised to mitigate the variation in weather parameter 
effects on CBB expression to ensure cassava food security 
in Côte d’Ivoire. The integration of new cassava varieties 
to increase the biodiversity and in breeding programmes 
could be considered. The changing of planting dates, the 
development of cassava varieties resistant to both CBB 
and weather conditions stresses could be undertaken. This 
could contribute to release disease resistant varieties and 
disease free cuttings under the various weather conditions 
to farmers The interaction between the varieties and Xpm 
strains interaction could be undertaken to highlight the 

changes that could occurred in the varieties’ response to 
CBB under the changes in weather conditions. This could 
give an orientation to the development of resistant vari-
eties. Climate prediction models against plants diseases 
could be used for monitoring and forecasting CBB epi-
demic and thus, to reduce the expression of the disease 
in the different agro-ecological zones.
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