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Several cassava varieties are grown in Cote d’Ivoire. Some of them are
more widespread than others. Their dissemination depends on
characteristics such as yield, taste and dry matter content. Cassava

bacterial blight pressure constitutes a threat in all cassava agro-
ecological zones. This study aims to survey the widely used varieties
Cassava varieties, Agro-ecological and point out the zones where they were more susceptible. The survey
zones, Cassava bacterial blight, Cote took into account the seven agro-ecological zones, the frequency of the
d’Ivoire. varieties presence, the severity index of the disease and the disease
incidence. The results showed that three varieties were predominately
recorded and are locally known as Akama, Yace and Yavo. Yace was
found in all agro-ecological zones. Akama and Yace were abundantly
found in the agro-ecological zone 1 and then the agro-ecological zone 4
whereas Yavo was abundantly cropped in the agro-ecological zone 4
and then in the agro-ecological zone 1. Yavo was found more
susceptible than Akama and Akama more susceptible than Yace to the
disease. The higher rates of severity index and disease incidence were
found in the agro-ecological zone 5 and agro-ecological zone 1 for
Yavo, the agro-ecological zone 6 and agro-ecological zone 4 for
Akama and the agro-ecological zone 6 and agro-ecological zone 1 for
Yace, Yace was disease free in the agro-ecological zone 4 and agro-
ecological zone 5. Based on these results, it would be necessary to
investigate for an efficient control management in order to reduce yield
losses due to the high prevalence of Cassava bacterial blight.
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Introduction:-

The Ivorian economy is largely driven by agriculture which contributes up to 22.3 % of the gross domestic product
(GDP) and 47% of the country's total exportations (MAAF, 2015 cited by N’Guessan, 2016). Although dependent of
coffee and cocoa since 1960s (Ducroquet et al., 2017), the GDP has incremented from 14.1% in 2000 to 15% in
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2001 mainly due to the increase of cassava production (BAFD/OCDE, 2003). The growing interest in cassava
cultivation lead to an increase ploughed area from 271,000 hectares in 2000 to 353,000 hectares in 2011. With an
increase of 8.5% from 2005 to 2015, its current production was estimated at 4.54 million of tons in 2016 (Minagri,
2012; Mendez del Villar et al., 2018; DPSA/MINADRI/DR cited by APA, 2017). Cassava constitutes an important
source of income for producers with a value chain representing almost 12% of the agricultural GDP and 2.8% of the
national GDP (N'Zue et al., 2013a; Mendez del Villar et al., 2017). Although cassava cultivation is mainly
characterized by small-scale, it is widespread all over the country with its high yields recorded in the forest zone
(Mendez del Villar et al., 2018; N’Zue et al., 2013a; N’Zue et al., 2014).

Cassava is naturally drought tolerant, has a greater adaptability to climate and soil, thrives in different texture of soil
and can even grow on poor and acid soils, which are often detrimental to other crops such as maize, millet and
sorghum. It is also useful for the prevention of hunger through the gradual harvesting of tuberous roots and leaving
the surplus in the soil. It is also available throughout the year for households and in times of agricultural and social
instability (Burns et al, 2010; PACIR, 2013; Bodnar, 2012; Yao et al., 2013).

The cassava cultivars can be divided into two major groups, the sweet ones and the bitter ones according to the
content of hydrocyanic acid which is very high in bitter varieties (Akpingny et al., 2017). This characteristic plays a
role in their adaptive resilience to environmental to conditions. For instance, according to Perrin et al. (2015), some
bitter varieties can be grown in some places of the northern part of Cote d’Ivoire whereas the sweet ones cannot.
Different cassava varieties, local and improved cultivars are grown in Cote d’Ivoire. Examples of locally well-
known varieties Akama (also called ‘Six mois’ or Kaman), Yace, Tambou and Bonoua (Dje Bi et al., 2018; Perrin et
al., 2015). The improved ones are Yavo or TMEOQO7, Bocou 1, IM8 and TMS4(2)14254 (Akpingny et al., 2017;
Mendez del Villar et al., 2017; N’Zue et al., 2013b). The adoption of these varieties by the growers depend on
factors such as yield, taste and semi-industrial processing aspects. The most adopted and cultivated varieties are
Yace, Akama, Bonoua and Yavo (Kouassi et al., 2018; Mendez del Villar et al., 2017).

Cassava cultivation is threaten by Cassava bacterial blight (CBB), one of the major worldwide threat to cassava
production (Ogunjobi et al., 2010). CBB is responsible for high economic losses up to 100 % of the total production
(Restrepo et al., 2000; Mamba-Mbayi et al., 2014). The disease is caused by Xanthomonas phaseoli pv. manihotis
(Xpm), (Constantin et al. 2016). Losses of fresh roots, planting material, low accumulation of starch in edible roots
and leaves which affect the availability of leafy vegetables for humans and reduces cash income in communities
where cassava leaves are sold, have also been observed and can be high under favourable environmental conditions
(Fanou et al., 2018). CBB is present in countries where cassava is produced, but its incidence and severity are
variable (Fanou et al., 2017; Fanou et al., 2018). The characteristic symptoms of the disease are the wilting of
leaves, blighting, angular leaf lesions and stem cankers, stem and leaf exudates production and dieback of stems
(Jorge et al., 2001). Its occurrence depends on the interaction between a susceptible plant, a virulent pathogen and a
conducive environment (Ghini et al., 2008; Rana and Randhawa, 2014).

The geographical distribution, incidence and severity of the disease have been studied in some countries like
Colombia, Togo and Guinea (Verdier and Restrepo, 1997; Banito et al., 2007; Bamfeka et al., 2011). In Céte
d’Ivoire, CBB constitutes a threat in the agro-ecological zones (AEZ), (Affery et al., 2016) with various severities
and incidences. Since cassava is an important staple food crop as well as for the producers and for consumers, and
the susceptibility of the varieties in the different agro-ecological zones has not yet been assessed, it seemed
necessary to identify the most grown varieties and to establish their distribution maps, to highlight their behavior
regarding the disease in the different AEZ. It also appears important to classify them according to their level of
susceptibility by taking into account their repartition.

Material and methods:-

Survey

Surveys were carried out in 2017 during the rainy seasons from July to the beginning of November in different
cassava producing areas of the seven Ivorian agro-ecological zones. These zones (Fig 1A) were identified by Halle
and Bruzon (2006) as shown in the Table 1. They were defined according to the edapho-climatic conditions in Cote
d’Ivoire In each AEZ, three fields/area were considered for the high cassava production areas. For areas with very
low cassava production, one to two fields were considered. They were chosen at the entrance, in and outside of the
locality and their geographical coordinates were recorded using a GPS GARMIN OREGON 550.
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Observations:-

Each field was assessed for CBB presence/absence taking into account thirty cassava plants. The meeting point of
two diagonal lines was taken as a reference point for the plants assessment. The severity and incidence were
evaluated based on assessment sheets. Ten samples of leaves, stems and leafstalks per field showing CBB symptoms
were collected. The rating scale of CBB severity described by Wydra and Msikita (1995) was used. The ratings
ranged from 1 to 5 and describe as followed: 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 (Figure 5).
The severity index (SI) and disease incidence (DI) were calculated for each parcel using following formulas below,
used by Mamba-Mbayi et al. (2014).

SI:Z Number of affected plants per scale x the scale
Total number of observed plants x the high scale
_ Number of affected plants
~ Total number of observed plants

=x100

x100

Data analyses

Statistical analyses were done with the software Rstudio version 3.3 in order to classify the varieties according to
their level of susceptibility to CBB, the zones where they more susceptible. The Kruskal-Wallis test with a threshold
of 5 % was performed for the comparison of the SI and DI means according to the varieties. These parameters were
compared for each field and each AEZ where the varieties were encountered.

Maps have been built by using the software QGIS version 2.18.4 based on the longitudes and latitudes of each field
recorded during the survey. A georeferenced map of Céote d’Ivoire was used for the projection of the points.

Results:-
The results of the surveys highlighted that three cassava varieties, Akama, Yace and Yavo were the most grown.

Geographical distribution of the cassava varieties

A total of 249 fields was recorded for the presence of the three varieties during the surveys. The variety Akama was
the most encountered with a frequency of 46.59 % (116 fields), followed by Yace with a frequency of 38.55 % (96
fields) and by Yavo with a frequency of 14.86 % (37 fields).

The distribution of these varieties according to the AEZ was not the same. While Yace and Akama were mostly
found in the AEZ1 respectively with 55.21 % and 36.21 %, Yavo was more present in the AEZ4 with 48.65 %. Yace
was the only variety found in the AEZ7 with 1.04 % considered as the lower rate of presence of the variety. The
AEZ3 and 7 were characterized by the absence of Yavo. The lower presence of Akama with 4.31 % was in the
AEZ3; while the AEZ6 was characterized by the lower presence of Yavo (5.41 %) (Fig. 1 B, C and D).

Disease repartition on the varieties in the agro-ecological zones

Akama

On the 116 fields where Akama is grown, 67 fields (57.76%) were healthy while 49 fields (42.24%) were affected
by CBB. The AEZ4 recorded the most diseased fields followed by the AEZ1 while in the AEZ3, there was no
diseased field (Table 2).

Yace

Out of the total of the 96 fields obtained, 62 fields (64.58 %) where Yace is grown were healthy and 34 fields
(35.42%) were affected by CBB. The AEZ1 recorded the most diseased fields followed by the AEZ2 whereas the
AEZ4 and AEZS5 fields where CBB free (Table 3).

Yavo

Out of the 37 Yavo fields sampled, 15 fields (40.54 %) were healthy while 22 fields (59.46 %) were affected by
CBB. The AEZ4 recorded the most diseased fields followed by the AEZ1. However in the AEZ3, there was no
diseased field (Table 4).
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Varieties behavior

From the agro-ecological zones perspective

The varieties displayed the higher mean of Sl and DI in the AEZ6, respectively 17.61 + 17.34 and 20.74 + 22.1.
AEZ4 came in the second place with an Sl of 17.40 + 22.35 and DI of 18.43 £24.53. The AEZ5 was the third with
15.28 + 22.88 for Sl, 16.89 + 27.3 for DI. The Kruskal-Wallis test showed a significant difference for SI and DI in
the AEZ with a p=0.02 for both.

Akama

The overall means of Akama for Sl and DI were respectively 10.78 £ 17.75 and 11.98 + 20.34.

CBB expression on Akama was higher in the AEZ6 and AEZ4. In the AEZ6, the mean of SI was 19.48 + 19.97 and
DI was 21.67 + 24.88. In the AEZ4, the means were of 17.78 + 22.98 for Sl and 18.78 + 25.41 for DI. In the AEZ5,
the means of Sl and DI were respectively 9.08 + 13.67 and 9.67 + 15.35. In the AEZ2, S| was estimated at 8.12 +
14.85 and DI at 9.24 + 17.67. In the AEZ3, Akama did not showed a susceptibility to CBB (Fig 2 A and B). Sl and
DI showed a significant difference between the AEZ with ps; = 0.03 and pp, = 0.04.

Yace

The average Sl and DI of Yace was respectively 9.5 + 19.66, 10.25 + 21.06.

While Yace didn’t show any susceptibility to Cassava Bacterial Blight in both AEZ4 and AEZS, it was more
susceptible in AEZ6 with SI and DI respectively equals to 16.6 £ 16.79 and 20.83 + 22.3. In AEZ1, S| was of 12.15
+ 23.92 and 12.77 £ 25.08 for DI. Sl and DI in AEZ2 were respectively 5.28 + 13.09 and 5.37 + 13.24. It was less
susceptible in the AEZ3 and AEZ7. In the AEZ7, the relative SI and DI were both 3.33. In the AEZ3, Yace
presented the lower rate of susceptibility with SI of 2.78 + 3.93 and DI of 3 + 4.29 (Fig 3 A and B). There was no
significant differences between the susceptibility of Yace in the AEZ with pg, = 0.45, DI with pp, = 0.41.

Yavo

Yavo presented overall means of Sl and DI respectively equal to 19.61 + 21.82 and 21.23 + 24.67. Sl and DI were
the higher ones in the AEZ5 with respective averages of 46.11 + 31.2 and 52.22 + 41.68. In the AEZ4, Sl and DI
were respectively estimated at 18.99 + 22.14 and 20.18 +24.07. Sl was estimated at 16.39 + 24.11 in the AEZ1
whereas DI was 18.15 + 26.83. In the AEZ6, the means of SI and DI were respectively 13.89 + 2.55 and 15.56 +
1.93. In the AEZ2, the relative SI and DI were both equal to 12.78 + 10.63 (Fig 4 A and B). There was no significant
differences between the susceptibility of Yavo in the AEZ with pg = 0.45, DI with pp, = 0.44.

Sl and DI of the varieties were significantly different with respectively ps, = 0.007, pp, = 0.009.

Discussion:-

According to Kouassi et al. (2018) and Mendez del Villar et al. (2017) Yace, Akama, Yavo and Bonoua are the
more disseminated cassava varieties in Cote d’Ivoire. The findings of this study indicated that the first three varieties
were more disseminated than Bonoua. The dissemination of these varieties could be related to their yield, the taste,
the processing aspects and the dry matter yield as mentioned by Kouassi et al. (2018), Mendez del Villar et al.
(2017) and Perrin et al. (2015). Even though Perrin et al. (2015) stated that Yavo was largely disseminated, the
results of this study showed that it was less disseminated than Akama and Yace.

Although Akama was more widespread than the others, it was not found in the AEZ7 while Yace was found in all
the AEZ and Yavo was not found in both AEZ3 and 7. Yace has been described as a bitter variety while Yavo has
been described as a sweet variety by Akpingny et al. (2017). Akama was described as a sweet variety by the farmers
surveyed. These facts could explain their distribution. Indeed, Perrin et al. (2015) stated that the varieties” ability to
adapt themselves to the climatic conditions was also related to their bitterness feature. According to these authors,
some bitter varieties can be cultivated in some northern parts of Cote d’Ivoire while the sweet ones cannot be grown
there. This fact could explained the presence of Yace, a bitter variety in the AEZ6 and 7 and the absence of Akama
and Yavo, sweet varieties in the AEZ7. However, unlike to what they said, Akama and Yavo were grown in the
AEZ6 even if it was at lower rates. This finding could be explained by the fact that Akama and Yavo are in a
process of adaptation to a new and hostile environment as said by Coakley et al. (1999). According to these authors,
the repartition and development of the plants were going to change under climate change.

Akama was mostly found in the AEZ1 followed by the AEZ4 and the AEZ2. Its lower occurrence was in the AEZ3

followed by the AEZ6. Yace distribution was mostly concentrated in the AEZ1, followed by AEZ2 and the AEZ3.
Its lower rates were found respectively in the AEZ7, AEZ5 and AEZ4. Yavo was more widespread in the AEZ4 then
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in the AEZ1 and AEZ2. It was less widespread in the AEZ6 and AEZ5. Akpingny et al. (2017) mentioned that Yace
has high production zones were in the southern (predominantly) and the central parts of Cote d’Ivoire; however, in
this study, Yace was more widespread in the western part than in the central part. Yavo distribution is consistent
with Akpingny et al. (2017); it was more present in the central, eastern and southern parts.

Concerning the susceptibility of the varieties, Yavo described as resistant to cassava mosaic virus (Perrin et al.,
2015; Akpingny et al., 2017) was the most susceptible to CBB. Akama was the second susceptible variety while
Yace showed a lower susceptibility.

The higher rates of Yace and Yavo diseased fields were found in AEZ where they mostly occurred: AEZ1, AEZ?2
and AEZ3 for Yace and AEZ4, AEZ1 and AEZ2 for Yavo. This findings are consistent with the statements of
Coakley et al. (1999) who stated that the distribution of the pathogen would followed those of the host. However,
the AEZ6 and AEZ3 displayed the same rate of Yace diseased fields whereas the AEZ5 and AEZ2 showed the same
rate of Yavo diseased fields. These results could be explained by the rapid change in Xpm strains distribution as
highlighted by Shaw and Oshorne (2011). Although Akama was mostly found in the AEZ1 and then in the AEZ4,
the majority of diseased fields were found in the AEZ4, then secondly in the AEZ1 and lastly followed by the
AEZ2. The AEZ5 and AEZ6 had the same rate of diseased fields. This may be due to the fact that the pathogen was
able to be quickly widespread in the AEZ4 than the AEZ1 leading to a higher rate of diseased fields in the AEZ4.

By considering all the AEZ, the AEZ6 recorded the higher rates of varieties susceptibility in term of Sl and DI. It
could be explained by the fact that the pathogen achieved its complete cycle. In fact, according to Fanou et al.
(2018), Xpm goes through a survival stage during the dry season for the establishment of the primary inoculum and a
parasitic stage during the rainy season where the disease symptoms occur. In Céte d’Ivoire, the AEZ6 has two
seasons, a six months dry season and a six months rainy season. The pathogen could have hence had conductive
environmental conditions to cause the infection on non-resistant varieties. In the AEZ4 which got the higher SI and
DI rates after the AEZ6, there are two dry and two rainy seasons, corresponding to a set of conditions less
favourable for the pathogen survival. However, the pathogen was able to cause disease. This finding could be
attributed to a reduction of the incubation time as mentioned by Ahanger et al. (2013). The rates of CBB on the
varieties in the AEZ5 could be justified by the stressful environmental conditions on both the varieties and the
pathogen. According to Yafez-L6pez et al. (2012), the incidence and severity of a plant disease depend on the
deviation of the climatic parameters taken separately into the best conditions for the disease occurrence. According
to Shaw and Osborne (2011), the persistence of plant pathogens can be infrequent or regular with a low severity in
regions without being a threat for producers in these zones. This fact could explained the low impact of CBB on the
varieties in the AEZ3 but also the adverse climatic conditions that prevailed there. This AEZ is characterized by a
long rainy season and a short dry season that would have reduced the survival and the quantity of primary inoculum,
hence the expression of the disease.

Akama and Yace were mostly susceptible in the AEZ6 but Akama was more susceptible than Yace in this AEZ.
Although Yavo was also susceptible in the AEZ6, its SI and DI were lower than those of the two other varieties.
Nevertheless, it was mostly susceptible to the disease in the AEZ5. It could be explained by the compatible host
interaction where the bacteria strains penetrate into cassava and overcome host defense barriers causing the
characteristic symptoms of the disease (Hamza, 2010). It seemed in this AEZ that this interaction was strong to
cause hence a high CBB severity on the variety. In fact, Yavo susceptibility reached the higher levels of
susceptibility while Yace didn’t show a susceptibility to CBB. The absence of Yace susceptibility to CBB in the
AEZ4 and AEZ5 could be due to the incompatible host interaction where bacteria strains would have been unable to
overcome cassava varieties defense reactions (Fargier, 2007; Hamza, 2010). Yavo and Akama susceptibility to CBB
was secondarily higher in the AEZ4 with the high rates recorded in Yavo fields. While Yace was secondarily
susceptible in the AEZ1, Yavo was thirdly susceptible in the same AEZ with higher rates. The level of each variety
susceptibility varied according to the AEZ. This behaviour regarding the disease in each AEZ could be explained by
the interaction between the environment and the genotype as described by Zinsou et al. (2005). In fact, according to
Elad and Pertot (2012), plants proceed to the regulation of their genes due to the modifications of their environment
patterns. Though in the AEZ6, Yace and Akama had the higher susceptibility rates than those of Yavo, its
susceptibility was very high than the two other varieties in the AEZ where they were all together. This is in
contradiction to what Tindo et al. (2016) found in their study which showed that local varieties where most attacked
and susceptible to CBB than improved varieties.
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Conclusion:-

This study showed the geographical repartition of the three cassava varieties assessed and also the most widespread
in Cote d’Ivoire. It also showed that the local ones (Akama and Yace) were still very much accepted than the
improved one (Yavo). The presence of Akama and Yavo considered as sweet varieties in the AEZ6 help to
understand that the geographical distribution of the varieties is changing. The varieties are in a process of adaptation
in a new environment previously defined as unfavourable for their growth. Except Yace which didn’t show a
susceptibility to CBB in the AEZ4 and AEZ5, the others were susceptible in all the AEZ where they were found at
different rates. Yavo was the most susceptible in all AEZ excluding in the AEZ6 where it was less susceptible than
Akama and Yace; however, the varieties susceptibility differed from one AEZ to another. The AEZ6 was
characterized by the high level of Akama and Yace susceptibility while the AEZ5 was characterized by those of
Yavo susceptibility. These zones were followed by the AEZ4 for Akama and Yavo and the AEZ1 for Yace. This
behaviour in the AEZ pointed out an interaction between the varieties, the pathogen and the environment. Since
these factors seems to affect the relationship between the disease and the varieties, it would be important to test
these varieties for other control strategies in order to prevent yield losses due to the strong pressure of CBB.
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Table 1:-Description of the season in Cote d’Ivoire (EDSCI-II, 1999; FAO, 2005) and Characteristics of the seven
agroecological zones by Halle and Bruzon (2006) where VVZ= Vegetative zones; F= Forest, T= Transition;
S=Savannah; AEZ= Agro-Ecological Zones; SDS= Short Dry Season; LRS= Long Rainy Season; LDS= Long Dry
season; SRS= Short Rainy Season.

AE |V | Characteristic | Altitud | Rainfal | Annual SDS LRS LDS SRS
Z Z |s e (m) I (mm) | Temperatur
e (°C)
1 F Southern 0-200 1400- 29 (5.6) July- April- December- | September
humid dense 2500 August July March -
forest area November
2 F | Wet dense | ~1000 | 1300- 23.5(13.4) | July- April- December- | September
forest area of | (Daloa) | 1750 August July March -
the west November
3 F Semi- > 1000 | 1300- 24.5 (7.7) November | March-
mountainous | (Man) 2300 -February | Octobe
forest area of r
West
4 F Semi  humid | 0-200 1300- 23.5(13.4) | July- April- December- | September
dense  forest 1750 August July March -
zone November
deciduous
5 T | Transitional 300- 1300- 23.5(13.4) | July- March- | November | September
forest area 600 1750 August June - February | -October
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6 S | Tropical 300- 1150- 26.7 (1.1) May- November
humid 500 1350 Octobe | -April
savanna zone r
7 S Dry tropical | 300- 1150- 26.7 (1.1) May- November
savanna zone | 500 1350 Octobe | -April
r
AEZ | Number of Healthy | Relative Frequency | Number of Diseased | Relative Frequency (%)
Fields (%) fields
1 29 43.28 13 26.53
2 13 19.4 7 14.29
3 5 7.46 0 0
4 14 20.9 17 34.69
5 4 5.97 6 12.24
6 2 2.99 6 12.24
Table 2:-Sanitary characteristics of the fields where Akama is grown
Table 3:-Sanitary characteristics of the fields where Yace is grown
AEZ | Number of Healthy Fields Relative Frequency | Number of Diseased | Relative  Frequency
(%) fields (%)
1 33 53.23 20 26.53
2 14 22.58 5 14.29
3 7 11.29 4 11.76
4 3 4.84 0 0
5 2 3.22 0 0
6 3 4.84 4 11.76
7 0 0 1 3
Table 4:-Sanitary characteristics of the fields where Yavo is grown
AEZ | Number of Healthy | Relative Frequency | Number of Diseased | Relative Frequency (%)
Fields (%) fields
1 5 33.33 4 18.11
2 2 13.34 3 13.64
3 0 0 0 0
4 8 53.33 10 45.45
5 0 0 3 13.64
6 0 0 2 9.1
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Fig 2. A :-Repartition of cassava bacterial blight severity in the fields where Akama is grown. B : Repartition of
cassava bacterial blight incidence in the fields where Akama is grown
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Fig 3. A :-Repartition of cassava bacterial blight severity in the fields where Yace is grown. B : Repartition of
cassava bacterial blight incidence in the fields where Yace is grown
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Fig 4:-A : Repartition of cassava bacterial blight severity in the fields where Yavo is grown. B : Repartition of
cassava bacterial blight incidence in the fields where Yavo is grown
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