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Abstract

A survey was completed during the last five years (2014-2018) to update and
assess changes in the cassava pests and diseases occurrence as well as to un-
derstand how these changes occur regarding the recent new viruses spread
under a climate change context in the South-Kivu region, Democratic Repub-
lic of Congo. The eight territories of South-Kivu were surveyed during the
rainy seasons from 2015 until 2017 except for Uvira and Fizi where data were
recorded in 2018 regarding the prevalence of unstable agro ecological factors
which may influence pest and diseases dynamic in these two territories. Dur-
ing the data collection, pests and disease incidence and severity were recorded
as well as the sampling of cassava leaves for molecular viruses’ detection. The
recorded data showed that Cassava mosaic disease (CMD) remains the most
encountered disease (75% - 80%) and its vector (the whitefly Bemisia tabaci)
the most important pest (10 - 18 adult whiteflies per leaf). The major changes
were recorded for Cassava brown streak disease, recently reported in the re-
gion, for which a significant increase was recorded, with not reports before
2012 to 70% - 80% incidence in 2018 in the Ruzizi plain area (Uvira and Fizi).
Molecular detection revealed a coexistence of both two viruses, the cassava
brown streak virus (CBSV) and Ugandan cassava brown streak virus (UCBSV)
in single and mixed infections. Co-infections cassava mosaic and cassava
brown streak diseases were frequently recorded resulting in severe expression
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leaves’ symptoms and tuber yields’ losses. Common pests and diseases consi-
dered as minor have drastically become serious threat to cassava production
by increasing both their incidence and severity values. The cassava bacterial
blight (20%), cassava green mite (20% - 70%), cassava mealy bugs and cassava
grasshoppers were recorded as a great challenge in relation with an occur-
rence of long dry season resulting in four consecutive dry months without
rain. The high occurrence of CBSD on new CMD-resistant varieties has en-
forced farmers to recover local CMD-susceptible varieties which revealed a
relative CBSD-tolerance and moderate yield losses. This need for virus con-
trol is really challenging cassava crop in a region where the diseases pressure
is high and people consume cassava and its products seven days a week. Re-
search gaps identified in the study are the need for breeding new varieties
with tolerance/resistance to both CMD and CBSD viruses as well as the ex-
tensive use of rapid multiplex diagnostic tools to ensure early diagnostic and
availability of good quality planting material at farmers’ level.

Keywords

Cassava Genotypes, Distribution, Climate Factors, South-Kivu,
Re-Emergence, Whitefly

1. Introduction

Cassava (Manihot esculenta Crantz, Family Euphorbiaceae) is a staple food for
more than 60% of Sub-Saharan Africa population. It’s cultivated for root tubers,
leaves and its potential yield under various environments. Mainly consumed as
an energetic food, Biocassava program has improved its nutrient content by
modern biotechnologies [1]. Africa produces 50% of the total world production,
however, yield and total production remain low. The Democratic Republic of
Congo (DRC) is one of the top five world producers where cassava and its deri-
vate products are consumed at least four times a week [2].

Pests and diseases are the most important constraint of cassava production in
Africa, with high economic loss impact, sometimes leading to total loss of pro-
duction [3]. Among them, Cassava mosaic disease (CMD) was mentioned to be
the most important in recent years and has been the most documented con-
straint especially following the spread of the regional pandemic of unusually se-
vere mosaic from Uganda and neighbouring countries. Several authors [4] [5]
[6] and [7] [8] have mentioned the prevalence of dual infections of ACMV and
EACMYV-Ug leading to CMD severe symptoms in South-Kivu and Kisangani re-
gions in DRC.

Until now, CMD is known to be caused by more than eight begomovirus species
widely distributed in Sub-Saharan Africa: the African cassava mosaic virus (ACMV)
[9] [10], the East African cassava mosaic virus (EACMV) and EACMV-like strains
[3] [11]-[17], the East African cassava mosaic Cameroon virus (EACMCYV) [18]
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[19], the East African cassava mosaic Malawi virus (EACMMYV) [20], the East
African cassava mosaic Zanzibar virus (EACMZV) [21], the South African cas-
sava mosaic virus (SACMYV) [22] [23] [24], the Indian cassava mosaic virus [25]
[26] and the South East African cassava mosaic virus (SEACMV) reported by
[27]. Severe CMD symptoms are frequently associated with new virulent species
[19] and synergism due to dual infections [18]. Molecular diagnosis on cassava
samples collected from DR Congo to diagnose CMD virus species and strains in
the two regions (South-Kivu and Kisangani) showed a low diversification among
the virus’ species independently of the agro-ecosystems in which cassava is
grown.

Following its recent spread, Cassava brown streak disease (CBSD) is becoming
also a serious threat on cassava in East and Central Africa. It was first reported
in Tanzania during the 1930s [28] and was strictly limited to the coastal part of
Eastern Africa for a long time [29]. It was then reported in the internal part of
the continent during the 2000s-2010s in Mozambique [30] [31], Kenya [32],
Burundi [33], Rwanda [34] and Uganda [35]. In D.R. Congo, CBSD was re-
ported for the first time in the North-Kivu province [36] and recently in Ituri
[37] but yet documented information is available on its presence in the other
cassava growing area like in South-Kivu as well as its recent spread and distribu-
tion to support the suspicious CBSV-like symptoms frequently reported in sev-
eral area of the country.

These two late decades, CMD and CBSD have been the most intensively mo-
nitored and documented in many Sub-Saharan Africa countries, strangely rele-
gating other pests and diseases to minor value both in research and funding
programs. This resulted in resurgence and changes of occurrence for alternate
pest of epidemiological concern. However this confirms that minor biotic con-
straints can also lead to major effects. [3] mentioned that uncontrolled cassava
bacterial blight (CBB) and Cassava anthracnose disease (CAD) were able to oc-
casion complete crop losses under heavy infection on local susceptible genotypes
while [38] reported that high yield losses induced by root rots due to Armillaria
mellea and Fomes lignosus and foliar spots due to Cercospora sp. (CLS) can be
observed in humid forest area.

In Africa, major pests include cassava green mite (CGM), Mononychellus ta-
najoa, cassava whitefly Bemisia tabaci (CWf) and cassava mealybug (CMB),
Phenacoccus manihoti [39]. Grasshoper, Zonocerus variegatus and Pseudothe-
raptus devastans, are also cited as minor cassava pests [40] [41] [42] [43]. Until
now the only one large report on cassava biotic constraints was proposed by [43]
but only focused on Rwanda.

Regarding the recent development of climate change effects (temperature ele-
vation, extension of dry seasons and rarefaction of rains), many cassava pests
and diseases may change occurrence values and distribution and their interac-
tions with diversified virus diseases complex in a hostile environment may pro-
duce severe impact on cassava health, growth and productivity. In this context a

large study which provide an updated information on cassava biotic constraints
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in this region with emphasis on the recent CBSD spread is a real need to high-
light management approaches to be developed for cassava production sustaina-
bility in South-Kivu and consequently in DRC.

2. Methods

2.1. Understanding the Cassava Production and Yield Following
the Spread of the Pandemic Severe Cassava Viral Diseases
(CMD and CBSD) in DRC

Cassava production data used were from the [2] database for African countries.
Average yield was also calculated referring to cassava production and related
cassava fields squares in each area and showed the same tendency as the produc-

tion evolution.

2.2. Field Data Collection during the Survey

The two steps of the survey were undertaken in the Sud-Kivu province, Eastern
DR Congo, in the major cassava growing area during the rainy seasons: First, in
2015 covering all the eight territories of South-Kivu (KABARE, WALUNGU,
KALEHE, IDJWI, UVIRA, FIZI and MWENGA) but due to its difficult accessi-
bility and insecure issues only few information was collected in SHABUNDA
(Figure 1). The selected area is covering three agro-ecological zones which can
easily be splited up regarding the characteristics. The first one is a tropical zone
in low altitude (climate type Aw,;, altitude < to 1000 m, rainfall < 1300
mm/year, annual mean temperature > 24°C) including several villages in Ruzizi
plain and Fizi coastal area. The covered villages for this region are for example
Luvungi, Sange, Kiliba, Mboko, Swima, Sebele and Nyiemba, Mwenga is also
part of this group. The second, considered as a tropical zone in mid-altitude
(climate type Aws, altitude 1000 - 1400 m, rainfall > 1300 mm/year, annual mean
temperature 20°C - 23°C) include the territory of Kalehe and some villages of
Kabare and Walungu. The third, also a tropical zone in high altitude (climate
type Cw, altitude > 1400 m, Rainfall > 1300 mm/year, annual mean temperature
12°C - 19°C) include Walungu, Kabare and Idjwi territories. In mid and high al-
titude, clay soils are predominant while in low altitude; sandy soils with alluvial
deposits are predominant. Environment and agro-ecological characteristics were
expected to influence cassava pests and diseases occurrence and their distribu-
tion [44].

In each village, ten fields with less than six months old were monitored and
cassava plants health was recorded along the two diagonals of the field. All cul-
tivated cassava genotypes in each area were noted. CMD, CBSD, CAD, cassava
green mite and mealy bugs damage data (incidence, severity, cutting-borne in-
fection and whitefly infection) as well as the whitefly abundance and other pests
data were recorded for each observed plant. Pests and diseases incidences were
determined as a percentage of diseased or damaged plants while severity scores
were recorded from a 1 - 5 scale as proposed by [45] and used by [46] [47] [48]
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Evolution of cassava production and yield in six top african
countries
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Figure 1. Evolution of cassava production and average yields of top six African countries
(x10° T). Cassava yield of African countries were calculated as a report of cassava produc-
tion and cultivated surfaces. Except for Nigeria and Ghana, it can clearly show that since
2010-2011, all East and Central Africa countries are showing production decrease proba-
bly caused by an uncontrolled spread of CBSD epidemic occurring since that period. It
coincides with the period the CBSD spread was reported with high epidemic pressure.
However the Angola CBSD occurrence is yet documented to be related to its cassava
production decrease. Related to FAO data, Nigeria and Ghana have reported a significant
increase of cassava production and are actually leading the top African cassava producers.

and [49] where 1 is recorded for a healthy plant with no disease symptoms or
pest damage and 5 for a severely diseased or damaged plant. Pests’ populations,
especially whitefly were estimated as a mean whitefly number per leaf on the five
top cassava leaves while grasshoppers, Zonocerus sp. and Pseudotheraptus were
approximately encountered per plant and then per field. Suspicion of cut-
ting-borne infection was recorded for a cassava plant with CMD or CBSD
symptoms on all the plant leaves while whitefly infection was recorded when
only upper new leaves were diseased [46].

Second, in 2018, only CBSD survey was monitored in Uvira and Fizi to docu-
ment epidemiologic data changes occurred this period and to understand how
farmers are facing the CMD and CBSD control challenge. Incidence and severity
were recorded on each cultivated variety as well as the average yield and yield
losses induced to diseased plants.

2.3. Sampling of Cassava Brown Streak Diseased Leaves and
Molecular Diagnostics

Molecular diagnostic for presence of cassava brown streak viruses was per-
formed on CBSD symptomatic leaves collected on CBS-diseased plants within all
the surveyed area but only samples from the Ruzizi plain (Uvira and Fizi) pre-
sented the characteristic symptoms of CBSD (yellow chlorosis along the foliar
veins and over the whole leaf surface of young and old leaves). Collected samples
were then sent to the DSMZ laboratory in Germany where CBSD associated vi-
ruses were diagnosed by RT-PCR appropriated protocols as described in [48]
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and [49]. Characteristics symptoms were then described associated to single or
multiple infections due to CMVs or CBSVs.

2.4. Data Analysis

Collected data were averaged to obtain means for each parameter (incidence,
severity score and insect numbers). For incidence calculation we recorded all
plants (diseased and no diseased plants) while severity score average was calcu-
lated considering only diseased or damaged plants. The statistical analysis was
performed by the general analysis of variance using Genstat discovery edition 3

(http://www.vsni.co.uk/) and R console softwares. Additionally, multivariate

analysis (XLSTAT2011) was performed using correlation analysis between pests

and diseases prevalence and climate variables.

3. Results

3.1. Evolution of Cassava Production in the Top Six African
Cassava Producers Countries

The evolution of cassava production in African countries [2] including DRC is
presented on Figure 2.

Africa produces 50% of the world cassava production. Nigeria and DRC were
the two major producers in Africa and contribute to 50% of the African produc-
tion. In 1990, the two countries equally produced 18 MT a year, but two decades
later, Nigeria production is 45 MT whereas it is only 15 MT for DR Congo
(Figure 2). During this period, the DRC did not veritably profit from IITA and
other cassava research networks to improve its cassava production and yields.

Following the spread of the severe CMD, cassava yield decreased from 8 T/Ha
to less than 6 T/Ha in Uganda during the period 1993 to 1998. In Kenya and
Tanzania, the pandemy has been reported late and cassava yield decrease has
been observed since 1997 for six years. In Rwanda and Burundi, its effect on
yield is observed since 2002/2003 regarding the EACMV-UG diagnosis in this
country [48]. A light cassava yield decrease is observed in Nigeria around 1997.
In contrast, cassava yield in DRC showed an apparent stability around 8 T/Ha,
whereas cassava situation in the South-Kivu province is closed to Rwanda and
Burundi tendency, yield decrease is observed since 2002 and maintained until
2006. After this period only cassava yield in DR Congo didn’t progress within
the top African producers group.

Following the yield decrease period in those different countries, cassava im-
proved and resistant genotypes have been deployed and are mentioned to be the
important achievement to cassava yield increase observed in 1999 in Uganda,
2004 in Kenya and Tanzania, 2005 in Rwanda and Burundi and 2008 in the DRC
South-Kivu province. However, while diffused genotypes can potentially pro-
duce more than 30 T/Ha, cassava yield remains low probably due to environ-
ment and no adapted practices in various cassava growing area (emergence of

new diseases and change in common diseases statement, no pest management
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The South-Kivu map showing
data collection and cassava leaves sampling areas.
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Figure 2. The covered area of this study and incidence values reported during the survey.

strategies, no adapted climatic conditions especially drought, poor soils com-
bined with no use of fertilizers). The slow variety release of CMD-resistant ma-
terial and the farmers’ resistance to abandon their local preferred varieties are
responsible of cassava low yield record.

Following the CMD pandemic control mitigation (1990-2010), while cassava
production was recovering in most of ECA countries, CBSD spread from the
East African coastal countries started to be reported in many interne zones of
the continent. The cassava production showed to have been seriously impacted
and started to decrease until 2016 (Figure 1) and probably continuously until
now. The DRC, has subsequently lost its second place due to ineffective CMD
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and CBSD control strategies, and relegated to the third place by Ghana despite
the high cassava production potential

3.2. Occurrence and Distribution of Cassava Diseases and Pests in
the Surveyed Area

Cassava pests and diseases’ recorded data during the survey are presented in Ta-
ble 1.

3.2.1. Cassava Mosaic Disease and Cassava Brown Streak Co-Infections
Cassava mosaic disease is the largely distributed cassava disease in all cassava
growing areas of South-Kivu, its incidence varied from 38.4% at Kalehe to 65%
at Uvira and severity score from 1.5 at Fizi to 2.8 at Idjwi. The highest incidence
and severity score values were recorded for villages located in low altitude with
more than 24°C of temperature (Uvira and Bunyakiri) whereas in mild and high
altitude locations with less than 24°C of temperature (Katana, Lwiro, Kavumu,
Mudaka, Mushweshwe, Birava, Walungu and Nyangezi), incidence and severity
score were low. Kalehe, even if located in mid and high altitude, has presented a
specific case with high CMD pressure mainly because of the predominance and
intensive cultivation of local CMD-susceptible landraces “Nambiyombiyo” and
M’Bailo highly appreciated by farmers. In all the surveyed sites, mixed cassava
local varieties were predominant and severely CMD-diseased while less than
50% of farmer’s cassava fields have new improved CMD-resistant varieties and
CMD-symptoms free. Local varieties “Nambiyombiyo”, “M’Bailo”, “M’meana”, “Ci-
zinduka” and “Pharmakina” were predominant in high altitude whereas “Naunde”
and “Nakarasi” were predominant in low altitude. Curiously, no common local va-
rieties were simultaneously recorded in the two altitude agro-ecosystems suggesting
that no varieties’ exchange occurred. It was also been reported that the most culti-
vated varieties in the Ruzizi plain were also recorded in neighboring villages in
Rwanda (Bugarama) and Burundi (Cibitoke) to illustrate the intensive exchange
of planting material between farmers of the three neighboring countries within
the same agro-ecological zones [43], Maguruginkware is one of the cultivated
variety in Uvira which is originated from Burundi and highly represented in vil-
lages near the border.

The molecular diagnostic of CBSV on collected leaves’ samples confirmed the
CBSD presence in the South-Kivu area not yet reported before. The CBSVs-like
symptoms occurrence in different villages is presented in Figure 2 where each
location is colored referring to the disease presence or not and its incidence val-
ue.

The results of the molecular diagnostic showed a positive tests and detected
both presence of Cassava brown streak virus (CBSV) and Ugandan cassava
brown streak virus (UCBSV) in single and mixed infections (Figure 3). CBSV
was the most predominant in single infection (42.8%) followed by UCBSV
presence in single infection (28.5%) and dual infection CBSV-UCBSV (7.1%)
while 14.2% of samples didn’t reveal any CBSVs presence probably due to low
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Figure 3. Cassava diseased leaves showing CBSVs symptoms
(a), CBSVs + CMVs (b), CBSVs + CBB (c) and CMD alone (d):
moderate symptoms were recorded for a single infection while
severe symptoms were associated to dual or multiple infec-
tions.

virus concentration in samples or insensitive detection methods as well as the
defective quality of samples due to a long material process which may have af-
fected its quality.

CBSVs severe symptoms were frequently recorded on CMD-resistant varieties
recently released in the South-Kivu region especially Sawa Sawa which is actually
the most cultivated improved variety while Liyayi, Clone 1661, RAV (Obama or
TME 19) and Mayombe were recorded with moderate CBSVs symptoms, as-
suming low CBSVs susceptibility. Equally, moderate symptoms were also fre-
quently recorded on CBSVs-infected local varieties plants of Korengo, Mvula-
mingi, Naunde and Nakarasi.

During the survey it was also observed that unusual severe symptoms on
leaves were recorded on dual CMVs-CBSVs infected plants than when only one
virus group was present on cassava plant independently of the variety (Figure
3): CBSVs associated to CMVS diseased plants symptoms were the most severe
followed by CMVs diseased plants and CBSV's diseased plants were less severely
attacked.

3.2.2. Cassava Bacterial Blight and Cassava Anthracnose and Other
Cassava Diseases

Cassava bacterial blight (CBB) incidence was ranged from less than 1% in Idjwi,
Kabare, Kalehe and Walungu to more than twenty percents in Fizi (21.2%),
Uvira (21.4%) and Mwenga (38.6%). Low severity values were recorded in the
covered area. The difference of altitude between the agro-ecosystems didn’t af-
fect the CBB data and its distribution, yet CBB was frequently observed on im-
proved variety than on local ones. Compared to the situation twenty years ago,

DOI: 10.4236/ajps.2019.1011138

1978 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.1011138

E. B. Bisimwa et al.

CBB occurrence has notably changed and can be kept on touch as a major con-
straint on cassava production in the near future if no attention is focused on it.

Cassava anthracnose disease was less frequent cassava diseases with 0.2% to
4% of incidence and severity score low (1.2) except for Uvira where it was rec-
orded with average incidence value of 13.7%. No distribution tendency was ob-
served in the surveyed area and no differences reported in relation to the culti-
vated cassava genotypes.

In the South-Kivu province, except in humid forest (Mwenga and Shabunda)
where root rot pathogens are reported, the other villages weren’t affected except

in case cassava is grown in swampy soils.

3.2.3. Cassava Pests

1) Cassava whiteflies

The mean whiteflies number per leaf was unequally distributed in the sur-
veyed area depending on altitude and temperature average. The great insects
number were recorded at low altitude (Mwenga, Fizi and Uvira) varied from 16
to 17.9 insects per leaf compared to less than 5 insects per leaf recorded at high
altitude area. Within fields with cassava genotypes mixtures, whiteflies number
recorded were high on improved varieties. Altitude and related temperature has
significant negative influence on the whiteflies number within the covered area,
high insect population is associated to high temperature in low altitude when in
high altitude area, the insect number per leaf was reduced as a result of low
temperature impact. A positive correlation was observed between whitefly pop-
ulation and infection type, in Uvira and Fizi the great whitefly number induced
an increase of whitefly infection (32%), while in limited whitefly population
conditions, cutting-borne infection was predominant (80%). These results are
related to the Ugandan case where [48] have observed a significant increase of
whitefly population in CMD severe epidemic and post epidemic zones. The whi-
tefly abundance in the Ruzizi plain is once again considered as a key factor of
CBSVs spread within the region.

2) Cassava green mite

Cassava green mite damage were observed everywhere cassava was grown and
its incidence values varied from 20% + 1% to 70% * 6% while severity score were
low to moderate (2 - 2.9). Regarding the incidence values and the damage caused
to cassava leaves reducing photosynthetic square of leaves, cassava green mite
should be considered as the second biotic constraint on cassava in the surveyed
area, fortunately its severity was low in many cases. However, its incidence and
severity depend on temperature variation.

3) Other pests

Before 1987, a historic cassava mealybug invasion has been signaled in DRC
both in Bas-Congo and Uvira regions and IITA team has proposed a biological
control by using its natural enemy identified in Brazil, Epidinocarsis lopezi bugs
(Hymenoptera, Encyrtidae). Since the release of this insect, cassava mealybug

has been maintained in control for a long time and no significant damages were
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observed for approximately thirty years. Unfortunately, these five last years,
CMB damages have been frequently observed in the Uvira region as a result of
an abnormal long dry season recorded every year associated to the mealybug re-
surgence. Irregular CMB damages are frequently observed in mid and high alti-
tude in Walungu, Kabare and Kalehe where it was not reported yet. This resur-
gence of CMB and its presence in new area where it was not reported yet, is an
alert of changes which may probably be caused by a drastic decrease of E. lopezi
population unable to control CMB dynamic accelerated by temperature eleva-
tion in this area. However, there is a need to evaluate both the CMB and its nat-
ural enemy population and distribution to highlight the need of a new release of
E. lopezi in the region.

Grasshoppers (Zonocerus variegatus) adults and larvae were observed in Uvi-
ra area with some insects (less than 10) per filed. However, its damage was very
severe on cassava plants on which they have been observed. It was observed that
cassava fields planted with Sawa Sawa variety were more damaged especially
during a long dry season. During this study, individual bugs, Pseudotheraptus
devastans, were observed in cassava fields in low population and no severe
damages observed. The principal component analysis showed a strong positive
correlation between altitude and pests’ incidence and severity, in high tempera-
ture agro-ecosystems, pests’ incidence was high and produced severe damages to
plants, while moderate pests’ incidence and low impact damages were associated
to agro-ecosystems with low and moderate temperatures. The impact on diseases
is also positive as vector population abundance can lead to intensive viruses’
transmission and probably the virus development in plant will depend on the

temperature.

3.3. Cassava Varieties as Component Key of Pests and Diseases
Dynamics and Management

During the survey, cultivated varieties were also recorded in relation to pests and
diseases data to understand the relationships existing between cassava genotypes
and pests and diseases dynamics especially for CBSD tolerance. The survey was
completed by cassava variety’s collection to test their performance in CBSVs
high pressure environment in Uvira. Data collected from the trial are summa-
rized in Table 2.

The prevalence of many CMD-susceptible varieties in the surveyed area is
considered as one of the most important factor explaining the persistence of
cassava mosaic as the most frequent disease on cassava in DRC. Following the
Severe cassava mosaic pandemic, improved CMD-resistant varieties were re-
leased and widely disseminated in affected area, unfortunately, local
CMD-susceptible varieties didn’t completely disappear because of farmers’ pre-
ferences to their quality. First, most of the local varieties are harvested between
12 and 24 months old without developing root rots, thus farmers can, progres-
sively for a year, harvest cassava tubers depending on his household needs. Con-

trarily, most of the CMD-resistant varieties usually develop root rots when they
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Table 2. Cassava variety trial results showing the local and improved variety yields and yields losses induced by cassava brown
disease on tubers yields in high CBSD pressure in Uvira. Local cassava varieties are CMD susceptible, CBSD-tolerant and produce
low tuber yields while new improved varieties are recognized to be more productive and CMD-resistant but seriously attacked by
CBSD. The Obama improved variety has recorded the most interesting data and low yield losses and can be recommended to far-

mers.
Tuber Roots Diseased Roots Roots Infection . Estimated  Estimated
Varieties ,\I;?::e:; Numbers Numbers Rate Yf::;?;;;i) Yield Losses Net Yields
6 MAP 8 MAP 6 MAP 8 MAP 6MAP 8 MAP (T/ha) (T/ha)
Amasi Local 1.00 4.00 0.00 0.00 0.00 0.00 10.00 0.00 10.00
Cibongoyoka Local 0.53 5.00 0.00 0.00 0.00 0.00 10.00 0.00 10.00
Cintalula Local 2.17 10.00 0.00 5.00 0.00 50.00 10.00 5.00 5.00
Dorothea Local 2.33 2.00 0.00 0.00 0.00 0.00 0.83 0.00 0.83
Kabunga Local 0.33 2.00 0.00 0.67 0.00 33.33 2.45 0.55 1.90
Kamegere Local 0.33 6.00 0.00 0.00 0.00 0.00 6.40 0.00 6.40
Kanombe Local 1.67 6.00 0.00 4.00 0.00 66.67 9.00 5.00 4.00
Kanyunyi Local 4.33 8.00 0.00 8.00 0.00 100.00 5.00 5.00 0.00
Korengo Local 2.00 13.00 0.00 0.00 0.00 0.00 23.70 0.00 23.70
Liyayi Improved 6.00 6.67 0.00 0.00 0.00 0.00 29.17 0.00 29.17
Maguruyinkware i 1.00 4.67 0.00 3.00 0.00 65.00 4.50 2.80 1.70
Mahungu Improved 3.00 4.00 2.00 2.00 50.00 50.00 3.00 1.75 1.25
Maombi Local 5.67 8.33 0.33 5.00 6.67 60.05 18.00 10.33 7.67
Mayombe Improved 1.67 2.67 0.00 2.33 0.00 91.67 3.17 2.33 0.83
M'Bailo Local 1.00 3.00 0.00 0.00 0.00 0.00 2.50 0.00 2.50
Musimwa Local 2.07 6.00 0.00 4.00 0.00 66.67 7.17 3.77 3.40
Muzungu Local 6.00 8.00 0.00 5.00 0.00 62.50 15.00 12.50 2.50
Mvuama Improved 1.67 2.67 0.00 2.33 0.00 91.67 3.17 2.33 0.83
Nabana Improved 2.33 1.00 0.00 0.00 0.00 0.00 2.00 0.00 2.00
Nabwigoma Local 2.00 6.00 0.00 1.00 0.00 16.67 7.50 4.00 3.50
Nakarasi Local 3.00 5.00 0.00 2.00 0.00 40.00 7.67 4.50 3.17
Nambiyombiyo Local 1.83 9.00 0.00 7.33 0.00 81.48 11.00 7.33 3.67
Namseelwa Local 1.67 3.00 0.67 2.00 33.33 66.67 3.13 2.18 0.95
Naunde Local 1.10 2.33 0.00 2.00 0.00 88.89 0.77 0.43 0.33
Ngoromane Local 3.33 7.00 2.80 1.67 84.76 23.81 2.50 2.40 0.10
Nvulamingi Local 6.93 11.00 0.00 3.00 0.00 27.42 29.47 3.52 25.95
Obama Improved 5.17 11.00 1.00 4.00 17.78 36.36 31.83 6.17 25.67
Papayi Local 3.67 5.67 1.00 4.33 27.78 76.67 2.50 1.80 0.70
Rav Improved 2.33 4.00 0.00 0.00 0.00 0.00 10.50 0.00 10.50
Sawasawa Improved  2.67 6.00 1.07 5.00 40.44 83.33 4.67 4.18 0.48
TMS/1661 Improved 3.33 3.00 0.00 2.00 0.00 66.67 1.50 1.05 0.45
ANOVA:
P; <0.001; <0.001; <0.001; <0.001; <0.001; <0.001; <0.001; <0.001; <0.001;
LSD; 1.331; 0.618; 0.500; 1.000; 18.99; 16.97; 1.565; 0.942; 1.251;
cv 31.4% 6.8% 97.2% 25.9% 117.3% 25.7% 10.8% 20.6% 12.6%
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are harvested after 12 months old, farmers must harvest all his field in a short
time and suddenly facing conservation and processing infrastructure challenges.
In such context it’s difficult for farmers to cover daily food needs in the house-
hold for a long time making farmers in hazardous management of household
food supply.

Second, most of local CMD-susceptible varieties are highly appreciated by
farmers due to their ability to be processed in diverse cassava consumable
sub-products. The most of CMD-resistant varieties are recognized to have a
good resistance level (no CMD symptoms observed) also they are high produc-
tive, but offer a poor quality of cassava sub-products. The improved variety Sa-
wasawa has then been most cultivated due to high quality of cassava flour com-
pared to other new improved varieties and is actually cultivated by more than

80% of farmers who are cultivating new varieties.

4. Discussions

During this study, we tried to analyze cassava production data in DR Congo re-
ferring to the CMD and CBSD spread to highlight its impact at the national and
local level. It revealed a direct relationship between the low agriculture perfor-
mance and political instability as well as the development and spread of cassava
pests and diseases over the two past decades. Comparing to the other cassava
producer top six African countries, DRC is the only African top six countries
where cassava production and yield didn’t increase during this twenty years pe-
riod. Insufficient availability of improved cassava genotypes, non-adapted cul-
tural practices, uncontrolled pests and diseases occurrence are probably the ma-
jor causes. This study showed evident presence of cassava brown streak viruses
(both CBSV and UCBSV) recently spread from the coastal zones of East Africa
already reported in other countries as well as other regions of DRC. The pres-
ence of CBSVs in DRC can be described as a progress spread front from the
coastal zones. According to the findings of this study, it was observed that CBSD
is progressing more predominantly in the North-South and South-North direc-
tion than in East-West direction, probably because of planting material transfer
facilities within the region. The simultaneous presence of the two virus species is
similar to what was observed in other countries where the disease is already re-
ported [36] [37] and [49] probably depending on the vector movement within
the region while planting material transfer crossing countries is low to explain
the disease spread.

Regarding pests and diseases occurrence in the South-Kivu region, it has been
observed a positive relationship between pest and diseases pressure with local
climate environment manly depending on temperature and altitude. Pests and
diseases pressures were high when temperature was high in low altitude zones
and decreased when temperature was low. The temperature effect was also re-
ported by [50] on whitefly growth and fecundity. He mentioned a significant in-
crease of whitefly fecundity at 24°C compared 15°C, 18°C and 21°C. Tempera-

ture impact was also mentioned by [43] to increase the insect’s number of gen-
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eration per year, to extend the covering area and decrease the effectiveness of
insects’ natural enemies. Referring to the data collected in this study, the tem-
perature effect can explain abundant whitefly population in South-Kivu villages
where temperature is higher than 24°C and consequently influence the CMD
and CBSD occurrence (incidence and severity scores) as well as driving their
rapid spread. CMD and CBSD high severity scores recorded in this study are
probably the result of increasing virus concentration in plant tissues which may
vary depending on the environment plants are grown. Pests and diseases occur-
rence changes were recorded not only for whitefly and its transmitted diseases
but also for many other pests as a result of favorable conditions for their devel-
opment and fecundity resulting in more damages caused to plants. Since then,
resurgence of many minor pests for example cassava mealy bug, cassava green
mite and grasshoppers have become serious cassava threats in Uvira and Fizi
rural area and need to be controlled. This resurgence of high pests population
have been observed this last five years especially when the dry season goes
beyond four months, a common phenomenon result of climate change in the re-
gion. According to recent meteorological data collected these recent days, the
two dry seasons in the Ruzizi plain have extended by one more month and favor
the insects pullulating and their presence in high altitude area where they were
not reported yet, as a result of extending the covered zones.

Additionally, agro-ecosystems where environment characteristics are favora-
ble to cassava (moderate or high temperatures, less heavy and fertile soils, mod-
erate year rainfall), local susceptible genotype’s intensive cultivation can exacer-
bate pests and diseases incidence and severity. [51] [52] [53] emphasized the
importance of biodiversity and agro-ecosystems stability which have an influ-
ence on plant diseases epidemiology. In this way, [7] and [54] showed that cas-
sava intensive cultivation in homogenous environment was a favorable factor to
increase CMD pressure. A similar study realized in Rwanda by [43] reported a
CMD mean incidence decrease with altitude elevation while CMD severity was
independent of this, severe symptoms mainly depend on the genotypes suscepti-
bility and higher virus species pathogenicity. However, increase of the vector
population can sometimes lead to CMD incidence and severity as well as whitef-
ly infection increase.

The results of this study highlighted that the maintenance of CMD-susceptible
cassava varieties by the farmers was the key factor of CMD high pressure main-
tenance in the South-Kivu region for a long time. Diseased plants are a perma-
nent reservoir where whiteflies can still acquire and spread CMVs to healthy
plants. The recent CBSD high incidence and severity was associated to intensive
cultivation of susceptible improved variety “Sawasawa” widely disseminated in
the province. At the same time, this diversity maintenance is considered as an
adapted response for CBSD impact resilience, while improved varieties are se-
riously threatened by the CBSVs, farmers relied to local varieties to harvest
something and are actually selecting what they will be planting next years. By

measuring the impact of CBSVs on variety symptoms expression and yield losses
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evaluation, this study showed that many local varieties are tolerant but still less
productive. This situation is offering more chance to improved variety OBAMA
(also called TME 419, RAV) CMD-resistant, CBSD-tolerant, drought-tolerant
and more productive to be the actually most preferred variety and which is being
promoted as the emergency planting material for these near next years while
waiting for the results of research investment to develop resistant material to
both CMD and CBSD under progress. While using the Obama variety, it will be
advisable to harvest at eight to ten months of cassava age as the CBSD impact on
root rot is more prevalent after ten months. Thus cassava growers will signifi-
cantly reduce economic losses and ensure cassava can still playing its food secu-

rity and cash crop roles.
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